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OBSERVATIONS  OX  THE  HERRIX(;  FISHERIES  OF  EXGLAND,  SCOTLAND, 

AND  HOLLAND. 


By  HUGH  M.  SMITH. 


Tlie  herring  {Chipea  haremjus)  has  justly  l>eiMi  called  the  *'king  of  fishes." 
Although  its  importance  is  now  relatively  less  than  it  was  several  centuries  ago,  it  is 
to-day  a  leading  fish  in  the  Unite<l  States,  Canada,  Newfoundland,  England,  Scotland, 
Ireland,  Holland,  France,  Norway,  Sweden,  and  Russia.  A  si>ecies  verA'  similar  to 
that  of  the  Atlantic  Ocean  is  found  in  the  North  Pacific  (Jcean,  and  is  caught  in 
large  quantities  in  Japan  and  Alaska.  In  point  of  number  of  individual  fish  taken 
for  market,  no  species  exceeds  the  herring.  The  annual  value  of  the  herring  fish- 
eries is  about  ?525,250,0(X),  representing  1,5(XJ,(MKJ,<K)0  pounds  of  fish. 

In  19(X)  the  \^Titer  visited  the  principal  herring-fishing  centers  of  England,  Scot- 
land, and  Holland.  The  following  notes,  based  on  the  observations  then  made  and 
the  information  there  collected,  are  presented  chiefly  l>ecause  of  the  large  consump- 
tion of  European  herrings  in  the  Unit^  States  and  because  of  the  desirability  of 
applying  the  foreign  fishing  and  preserving  methods  to  the  herring  industry  on  our 
east  and  west  coasts.  No  attempt  is  made  herein  to  furnish  a  complet/O  account  of 
the  herring  fisheries  of  the  countries  mentioned. 

The  writer  was  very  courteously  assisted  in  his  inquiries  by  the  following  jiersons, 
to  whom  special  acknowledgments  are  due:  Mr.  Charles  E.  Fryer,  London,  one  of 
the  three  Government  inspectoi-s  having  jurisdiction  over  the  fisheries  of  England 
and  Wales;  Mr.  W.  C.  Kol>ertson,  Edinburgh,  secretar}'  of  tlie  fishery  Iwai-d  for 
Scotland;  Mr.  J.  K.  Nutman,  of  Great  Yarmouth,  England;  Mr.  James  Ingram,  Gov- 
ernment fishery  officer,  Al)erdeen,  Scotland;  Mr.  E.  A.  Man,  United  States  consular 
agent  at  Schiedam,  Holland,  and  Messrs.  C.  Van  der  Burg  &  Son,  Vlaardingen, 
Holland. 

Although  the  capture  of  herring  is  already  one  of  the  leading  fisheries  of  the 
United  States,  the  writer  l>elieves  that  the  industry  may  l>e  increase<l  and  the  trade 
made  more  profitable  by  the  adoption  of  foreign  methods  with  a  view  (1)  to  supply 
from  local  fisheries  the  very  large  quantities  of  pickled  herring  now  imi>orted  from 
Europe  and  Canada,  and  (2)  to  open  a  large  trade  with  southern  Euroi)e  and  other 
regions. 

The  following  letter  from  Mr.  F.  F.  Dimick,  secretary  of  the  Boston  Fish 
Bureau,  dated  April  7,  1900,  is  i)ertineut  to  this  subject: 

The  herring  imported  from  Norway,  Holland,  and  Scotland  are  of  a  different  <inality  from 
the  herrinj?  found  on  <>nr  coast.  They  are  fatter,  and  grejit  care  is  taken  of  the  fish  when  caught 
and  in  packing  them.  The  herring  caught  on  our  coast  oi  the  same  size  are  not  so  fat.  Our 
fishermen  generally  find  a  good  demand  for  their  herring  at  from  §1.50  to  $3.50  per  barrel  fresh  for 
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bait  for  the  cod  and  haddock  fisherman.  The  packers  generally  receive  from  $8  to  $4.50  per  barrel 
for  United  States  shore  herring,  and  there  is  generally  not  enough  to  snpply  the  demand.  The 
foreign  herrings  are  consumed  principally  by  foreigners,  and  sell  at  from  $8  to  $14  per  barrel. 

The  quantities  of  pickled  herring  impoi*te(l  into  the  Unitecl  Stnt-es  in  1900  from 
the  countries  stat-ed  were  as  follows: 


CV>un  tries. 


Smoked. 
PoundH.  Value. 


Pickled. 


PoundH. 


United  Kingdom naH^USi         $12,«>43 


Holland 


09.12:3  ;  8,  (Ml 


8.980,272 
12,m.a97 


Value. 


I 


$375,  .'Wl 
674.665 


THE  ENGLISH  AND  SCOTCH  HERRING  FISHERIES. 

GENERAL  NOTES. 

Grimsby  and  Yarmouth,  the  important  English  fishing  centers  on  the  shore  of 
the  North  Sea,  are  extensively  engaged  in  the  herring  fishery.  At  Grimsby  the 
herring  fishery  is  overshadowed  by  the  beam-trawl  fishery  for  l>ottom  fish,  but  at 
Yarmouth  the  herring  fishery  predominates.  The  great  herring  markets  of  Scotland 
are  Aberdeen,  Fraserborough,  and  Peterhead,  also  on  the  North  Si»a.  Whih?  these 
notes  are  based  primarily  on  visits  to  Yarmouth  and  AlK^nleen,  supplementary 
information  was  gathered  in  London,  Edinburgh,  and  other  plaices.  Although  the 
same  general  methods  are  jidopted  in  the  herring  industry  in  different  parts  of 
each  country,  it  must  be  remembered  that  the  accompanying  notes  are  espi»cially 
applicable  to  the  particular  places  mentioned. 

The  i)rincipal  fishing  season  at  Yarmouth  is  from  some  time  in  October  to  the 
last  of  December.  A  few  fish  are  (*aught  earlier  in  si)ecial  net«;  these  are  small, 
well-flavoi-ed  fish  known  as  "hmgshore  herring,"  and  are  for  local  consumption. 
There  is  also  a  spring  fishery,  involving  most  of  the  month  of  March  and  lasting  five 
or  six  weeks.  The  fish  then  caught  are  small  and  i)oor,  and  are  used  for  bait  in  the 
line  fisheries. 

The  Yarmouth  herring  fishing  is  carried  on  with  sailing  vessels  calUnl  luggers, 
and  also  by  steamers.  The  use  of  the  latter  is  increasing,  50  to  70  being  operated  in 
1900.  The  crew  of  each  kind  of  vessel  consists  of  11  men.  Each  vessel  carries  200 
gill  nets,  30  yards  long,  20  yards  (or  200  meshes)  deep,  and  costing  £2  apie<*(\  The 
number  of  meshes  to  a  yard  is  from  28  to  31,  the  average  size  of  mesh,  bar  measure, 
being  equal  to  a  shilling.  The  net«  are  cotton,  machine- mmle,  and,  with  proi>er 
care,  may  last  seven  years.  They  are  first  tanned  with  a  solution  of  hot  *'kutch" 
or  catechu  from  Burma,  which  is  said  to  \>e  better  for  this  pur^Kjse  than  tnu  bark. 
After  drying  they  are  thoroughly  soaked  in  linseed  oil,  and  again  dricMl  by  spreading 
on  the  ground.  Oiling  is  done  only  once,  but  soaking  in  the  astringent  solution  is 
rejwated  from  time  to  time. 

The  entire  complement  of  nets  is  shot  at  one  time,  the  nets  being  tied  together. 
A  duplicate  set  of  nets  is  held  in  reserve.  The  water  is  thick  for  15  or  20  miles  off 
Yarmouth,  and  fishing  may  be  done  at  any  hour  of  the  day  or  night,  but  the  l)est 
times  are  about  sunrise  and  sunset.  The  herring  do  not  remain  long  in  the  nets 
unless  storms  prevent  hauling.     Some  vessels  run  fish  in  fresh,  othei*s  dry-salt  their 
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catch  at  sea,  and  store  it  in  the  hold  in  compartments.  A  vessi*!  ma}'  leave  port, 
set  nets,  make  a  catoh,  and  be  back  the  same  day,  or  it  may  be  out  two  weeks. 

There  has  never  been  a  failure  of  the  Yarmouth  herring  fishery;  although  fish 
are  less  abundant  some  years,  they  have  never  been  so  scarce  as  to  make  fishing 
unprofitable.  Some  of  the  Yarmouth  fishermen  think  that  the  herring  fivquenting 
that  part  of  the  English  coast  constitute  a  distinct  lK)dy  which  spawn  and  remain  off 
that  coast,  and  do  not  come  down  from  the  North.  Herring  are  taken  much  earlier 
in  Scotland  and  northern  England  than  hei'e. 

When  a  vessel  arrives  in  poi-t  the  fish  are  lifted  out  of  the  hold  in  baskets  and 
spread  on  deck,  where  they  are  counteil  into  baskets  by  hand,  100  fish  to  a  basket. 
These  baskets  are  then  passed  over  the  rail  to  the  dock  and  emptied  into  large, 
peculiarly  shajwd  baskets  holding  5(M)  fish,  arranged  on  the  dock  in  lines  or  tiers  of 
20  baskets  each.  The  fish  are  heaped  in  10  piles  over  the  edges  of  adjoining  baskets 
to  facilitate  counting.  A  line  of  the  large  baskets  constitutes  a  last,  which  is  the 
unit  of  measure  in  the  herring  trade.  A  last  represents  about  H  tons  of  herring, 
or,  theoretically,  10,000  fish;  but,  as  a  matter  of  fact,  13,200  fish  of  any  size,  as  132 
fish  are  called  ICK)  in  counting. 

Herring  are  sold  at  public  auction  by  la^sts.  The  buyer  puts  his  card  or  t-ag  on 
the  first  basket  of  the  tier,  and  his  drayman  comes  shortly  afterwaiils  and  takes  the 
fish  to  the  pickling-house  or  smoke-house.  Sometimes,  at  the  height  of  the  fishery, 
1,(X)0  lasts  (or  3,0<X),(XK)  pounds)  are  landed  and  sold  daily  in  Yarmouth,  and  the 
wharves  i)resent  scenes  of  great  activity  and  excitement. 

The  Scotch  herring  fishery  is  rather  uncertain.  In  1900  it  was  ix)or  on  the 
Scot<»h  coasts,  except  at)out  the  Shetland  Islands,  where  there  was  a  phenomenally 
large  run.  A  number  of  years  ago,  after  expi?nsive  curing  establishments  had  l)een 
built  in  those  islands,  the  fish  disapi)eared,  fishing  had  to  be  abandoned,  and  the 
packers  lost  all  they  had  invested. 

Different  races  of  herring  are  recognized  as  frequenting  different  parts  of  the 
Scotch  seaboai*d.  Thus,  according  to  Mr.  W.  C  Robertson,  of  the  fishery  l)oai*d,  the 
l)e8t  herring  ai-e  those  taken  near  Barra  and  Loch  Fyne,  on  the  west  coast.  These 
are  fine,  fat  fish,  which  have  brought  as  much  as  £(>  per  bari-el. 

The  different  kinds  of  cuivd  herring  to  which  reference  may  l)e  made  are 
ordinary  pickled  fish,  kipi>ered  herring,  bloaters,  and  red  herring. 

BLOATERS. 

A  favorite  form  of  preser\'ed  herring  for  local  consumption  is  the  bloater.  In 
the  United  States  this  term  has  come  to  mean  a  large,  lightly  smoked  herring,  but 
in  Great  Britain  a  herring  of  any  size  may  be  a  bloater,  which  may  be  defined 
as  a  round  herring,  lightly  salted  and  lightly  smoked,  and  intended  for  immediate 
consumption. 

The  extensive  trade  in  Yarmouth  bloaters  which  formerly  existed  with  London 
and  other  cities  away  from  the  coast  has  to  a  great  extent  died  out,  owing  to  the 
fact  that  the  smoking  is  now  done  at  the  place  of  consumption,  llie  fish  l)ear 
the  rail  shipment  better  before  smoking  than  after,  so  that  the  bloater  trade  now 
consists  largely  in  shipping  lightly  salted  fish  to  cities  where  there  are  smoke-houses. 
Bloatei-s  remain  in  good  condition  for  two  or  three  days,  but  are  regarded  as  being 
best  when  smoked  and  eaten  the  day  after  being  caught. 
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The  essential  steps  in  the  preparation  of  bloater  herring  are  as  follows:  Imme- 
diat^ely  after  being  caught  the  fish  are  dry- sal  ted  from  12  to  24  houi-s  if  fat,  or  only  G 
hours  if  lean.     They  are  then  smoked  for  4  to  16  houi*s  and  are  ready  for  consumption. 

Yarmouth  bloaters  bring  a  good  prie^*;  sometimes  as  much  as  17.s.  6rZ.  is 
received  for  1(X)  fish. 

RED   HERRING. 

A  special  grade  of  salted  and  smoked  herring  is  known  to  the  English  and 
Scotch  trade  under  this  name.  The  fish  are  destined  chiefly  for  the  Italian,  Grecian, 
and  general  Mediterranean  trade,  but  some  are  sold  in  London  and  other  parts  of 
Great  Britain.  Some  of  the  herring  dealers  handle  only  red  herring;  but,  as  a  rule, 
the  prei)aration  of  red  herrings  is  incidental  to  the  packing  of  other  grmles. 

The  fish  which  are  destined  to  be  made  into  red  herrings  are  often  those  which 
have  been  kept  at  sea  for  several  days  to  a  fortnight,  and  hence  have  become  too 
hard,  from  prolonged  salting,  to  be  made  into  bloatere,  kippers,  or  regular  pickled 
herring.  If  they  have  been  salted  too  long  on  the  vessels  they  are  spitted  on  sticks 
and  softened  by  steeping  them  in  fresh  water.  The  specual  peculiarities  of  red 
herring  are  that  they  are  round,  are  rather  heavily  salted,  and  are  smoked  for  a  long 
time  to  give  them  a  good  rich  color. 

When  intended  for  export  to  very  warm  countries  red  herring  are  salted  for  30 
to  48  hours  in  strong  brine  and  are  then  smoked  for  a  fortnight  or  thi-ee  weeks. 
For  temperate  or  cold  (countries  the  fish  are  kept  for  a  shorter  time  in  pi(*kle  and  are 
smoked  10  or  11  days.  Hard-wood  sawdust  and  hard-wood  sticks  are  considered 
necessary  in  producing  the  smudge  and  heat  required  to  give  to  these  fish  their 
peculiar  flavor. 

Red  herring  for  the  MeditiCrranean  trade  are  packed  with  tlieir  heads  against 
the  barrel  and  their  tails  at  the  center,  in  dry-ware  barn*ls  holding  500  to  000  fish, 
half  barrels  holding  300  to  350  fish,  and  k(»gs  or  third  barrels  holding  180  to  2(K)  fish. 
The  average  gross  prices  for  these  packages  in  recent  years  have  been  lO.s.,  5.s.  to  O5., 
and  3j6*.  to  4s.,  respectively.  The  expenses  on  a  barrel  for  freight  and  commissions 
are  about  3s.,  the  fish  being  sent  by  rail  to  Liverpool  and  thence  by  water  to  the 
Mediterranean.  They  are  sometimes  packed  in  tin  cases  when  destined  for  especially 
warm  countries,  and  for  the  London  market  they  are  packed  in  flat  boxes  holding  50 
to  00  fish. 

KIPPERED  HERRING. 

Among  the  various  kinds  of  prepared  herring  none  ranks  higher  than  kippered 
herring.  The  essential  characteristic  of  kippered  herring  (and  of  all  kippei-ed 
fish)  is  that,  before  being  salted  and  smoked,  they  are  split  and  eviscerated.  Fish 
intended  to  be  made  into  kippers  should  be  very  fresh  whcm  received  from  the 
vessels.  At  Yarmouth  large  fish  are  preferred  for  this  method,  while  at  Aberdeen 
small,  fat  fish  are  prefeiTed. 

As  soon  as  received  they  are  split  down  the  back  from  tail  to  head,  eviscerated, 
and  then  salted  in  strong  brine  of  Liverpool  salt  for  15  to  00  minutes,  according  to 
fatness.  They  are  then  spread  on  square  sticks  by  means  of  hooks,  an<l  smoked 
over  a  hot  fire  of  hard-wooil  shavings  for  0  to  8  hours  (Aberdeen)  or  10  to  10  hours 
(Yarmouth),  requiring  constant  attention.  The  color  imparted  to  the  skin  is  either 
golden  or  light,  to  suit  the  markets.     After  cooling  they  are  packed   in   boxes 
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holding  4  to  0  dozen,  and  are  sold  at  good  prices  throughout  the  United  Kingdom. 
They  have  longer  life  than  bloaters,  will  easily  keep  for  three  to  ^vg  days,  and  in 
cool  weather  a  fortnight,  but  they  should  be  eaten  as  soon  as  possible. 

WHITE-CURED   HERRING. 

Under  this  name  are  officially  recognized  the  herring  brine-salted  and  packed  in 
barrels  and  half  barrels.  Such  fish  ai-e  more  extensively  prepared  than  all  others 
combined,  and  give  to  the  English  and  Scotch  herring  trades  the  importance  they 
have  attained. 

Various  grades  of  herring  are  recognized  by  the  salt-herring  trade.  These 
grades  are  sharpl\'  distinguishe<l  and  are  usually  indicated  on  the  outside  of  the 
ban'el  l)y  a  brand,      branding  is  more  generally  practiced  in  Scotland  than  elsewhere. 

The  grades  of  salt  herring  in  England  are  "mattie,"  *'mat  full,"  "full,''  and 
*'spent"  or  *\slu)tten."  "Matties''  are  the  smallest  herring,  8} to  0^  inches  long,  with 
undeveloptHl  reproductive  organs;  "nuit  fulls""  are  fish  U\  to  Wi  inches  long,  with 
the  ovaries  and  spermaries  h'ft  in;  "fulls"  are  fish  10|  inches  or  more  in  length, 
with  roe  or  milt;  and  "si)ent"  fish  are  at  least  10:j^  inches  long,  with  eggs  or  milt 
discharged. 

The  grades  as  recognized  in  Scotland  are  "mattie,"  "mat  full,"  "full,"  "large 
full,"  and  ''spent,"  and  several  other  minor  grades.  The  word  "mattie"  originally 
meant  a  maiden  herring,  "mattie"  being  th<»  terminology  of  the  east  coast  and 
"matje""  of  the  west  coast.  "Matje"  still  retains  the  original  meaning,  the  herring 
so  designated  Ix^ing  caught  in  May  and  June;  all  such  fish  when  salted  are  now 
sent  to  Russia.  "Mattie,"  however,  represents  a  small  herring,  full  of  either  roe 
or  milt,  or  even  spent.  The  official  requirements  of  the  hen'iug  of  the  various 
grades  are  as  follows:  "Mattie,"  not  less  than  IMnches  long;  "mat  full,"  not  less 
than  U^  inches  long,  with  roe  or  milt  well  developed  and  clearly  seen  at  throat; 
"full,"  not  less  than  KH  inches  long,  with  roe  or  milt;  "large  full,"  not  less  than 
114  inches  long,  with  roe  or  milt;  "siHMit,"  not  less  than  10^  inches  long,  without 
roe  or  milt. 

The  lengths  of  salted  herring  i^pecified  under  the  difTerent  grades  apply  to  the 
fish  after  shrinking,  and  are  measured  from  the  end  of  the  snout  t^)  the  end  of  the 
compressed  tail  fin.  SiK*cial  measuring  sticks  or  gages  aiv  employe<l  by  the  fishery 
officers. 

The  ccmtinental  markets  require  fish  that  are  gilled  and  gutted  but  not  split. 
Herring  are  gutted  through  the  gill  cavity,  the  heart,  liver,  and  repnxluctive  organs 
being  left  ///  sifu,  but  the  greater  part  of  the  stomach  and  intestines  IxMng  removed. 

Gutting  is  done  as  soon  as  the  fish  are  landed,  by  a  civw  of  three  women,  two 
of  whom  do  the  gutting  while  the  third  first  "  rouses"  the  fish  (i.  e.,  stirs  them  by 
hand  in  "rousing""  tubs  of  water  to  remove  dii-t,  blood,  etc.)  and  then  packs  them 
in  barrels  with  the  proper  amount  of  salt.  In  gutting,  a  small  knife  is  inserted 
through  the  isthmus  and,  with  the  forefinger  or  thumb,  draws  out  the  viscera.  The 
roes  and  spermaries  are  always  left  in,  as  they  ai*e  considered  food  delicacies  and, 
in  addition,  give  the  fish  a  fat  or  plump  ap|>earance.  Sometimes  the  roes  are  so 
large  that  in  packing  they  rupture  the  abdominal  wall.  Although  excellent  fish, 
they  can  not,  in  this  condition,  l>e  sold  as  the  best  grade. 
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For  rousing,  Liverpool  salt  is  used;  but  for  packing,  eoai'sor  Spanish  salt  is 
employed,  about  100  pounds  of  salt  being  required  for  each  barn4  of  fish. 

In  packing  herring,  it  is  customary  to  pack  7  barrels  with  a  ton  of  fish  (l\100 
I^ounds),  there  Ixjing  300  pounds  in  a  barrel.  Each  barrel  contains  fmm  850  to  1,100 
fish,  according  to  size.  In  packing,  each  herring  is  carefully  arranged  in  a  definite 
position,  with  the  abdomen  upward  and  with  the  head  against  the  side  of  the  barrel, 
the  fivsh  in  a  given  layer  or  tier  l)eing  parallel.  The  fish  in  the  next  layer  are 
arranged  in  the  same  way,  but  their  long  axis  is  at  right  angles  to  that  of  the  fish 
in  the  adjoining  layer.  The  barrels  are  filled  with  alU^rnatc?  layers  of  fish  and  salt, 
and  then  headed.  In  packing,  the  fish  are  compressed  vertically  and  their  l)ellieR 
are  flattened,  giving  them  the  appearance  of  being  largt^r  and  rounder.  Laterally 
compressed  fish  an*  not  in  demand. 

During  the  proc^ess  of  curing,  the  fish  shrink  considerably  and  the  barrels  haye 
to  bo  refilled.  In  Scx)tland  the  law  requires  that  the  barrels  rest  on  their  side  and 
be  refilled  after  11  days.  In  England,  where  there  is  no  law,  about  8  days  are 
aUowed  to  elapse.  A  bunghole  is  lM)red  13  inches  alK)ve  the  bottom,  th(»  ban-el  is 
placed  on  end,  the  head  is  removed,  and  the  pickle  is  allowed  to  run  off;  then  the 
hole  is  closed,  2  to  5  tiers  of  fish  of  the  same  catch  are  placed  on  top,  and  the 
barrel  is  closed,  placed  on  its  side,  and  the  original  pickle  is  returned  through 
the  bunghole.  No  new  pickle  is  introduced,  and  under  no  circumstances  are  the 
fish  washed  in  water.  After  branding,  the  barrel  is  ready  for  market.  A  well- 
cured  and  well-packed  barrel,  after  the  lapse  of  10  full  days,  should  contain  no  more 
undissolved  salt  than  would  fill  a  cylindrical  tub  9  by  1)  inches. 

The  prices  of  salt  herring  vary  greatly,  depending  on  the  supply.  The  average 
price  of  the  bc^st  grades  is  usually  about  30.s'.,  but  it  may  drop  to  20.s.  or  rise  to  40.*?. 
In  1899  the  prices  in  the  Gernmn  cities  of  St^^ttin,  Konigsburg,  and  Danzig,  and  also 
in  Russia,  were  the  l>est  ever  known,  "matties"  bringing  24  to  34  marks  i)er  barrel, 
*'mat  fulls"  32  to  30  marks,  and  "fulls"  30  or  more  marks.  From  thest^  gross 
prices,  exi>enses  amounting  to  alwut  4^  marks  per  barrel  were  deducted.  In  1890-97, 
when  there  was  a  large  catch  in  Scotland,  the  average  prices  of  salt  herring  in 
(xermany  were  13  or  14  marks  for  "matties,"  10  or  17  marks  for  **  mat  fulls,"  and  22 
or  23  marks  for  "fulls." 

The  authorities  and  fishermen  of  Scotland  fully  appreciate  the  importance  of 
plainly  designating  on  the  barrels  the  quality  of  salted  herring,  and  the  fishery  boanl 
has  formulated  a  very  complete  system  of  regulations  governing  branding.  In  view 
of  the  benefits  which  have  accrued  t^)  the  Scotch  herring  fishery  from  the  operation 
of  the  branding  regulations,  and  l)ecause  of  the  importance  with  which  th<^  ])resent 
writer  regards  branding  Jis  applie<l  to  the  lTnite<l  Stakes  herring  trade,  the  following 
detailed  refei*en<*es  to  the  subject,  are  nuwle. 

The  official  branding  of  barrels  of  salted  herring  is  not  (*ompulsorv,  and  only 
alK>ut  half  the  packers  resort  to  branding,  but  it  is  generally  n'garded  as  facilitating 
the  sale  of  fish.  A  good  judge  of  herring  would  be  able,  from  perscmal  inspection, 
to  buy  just  as  good  fish  without  the  brand  as  with  it;  but  in  distant  markets  the 
brand  carries  a  guaranty.  The  fee  charge<l  by  the  governm(»nt  for  aflixing  the 
official  brand,  certifying  to  the  quality  of  the  fish,  is  4f/.  (10  cents)  per  bari'el. 
During  the  years  1898  and  1899  the  fees  from  this  souive  aggr<»gatcd  €11,500,  or 
about  »57,500. 
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The  following  are  the  regulations  now  in  force  governing  the  official  branding 
of  *' white-cure<r' herring  in  Scotland.  They  are  presented  ifi  exfenso  \ye<*&use  of 
their  thoroughness  and  the  model  they  afford: 

Fishery  B<>ard  for  Scotland. 

Regulations  for  examining  barrels  and  half  barrels  intended  to  be  filled,  and  branding  and  stencil- 
ing l>arrels  and  half  barrels  filled  with  cure<l  white  herrings,  for  the  gnidance  of  fishery  officers 
and  the  fish-c-uring  trade. 

/.  CajMtcity  and  tiuxle  (tf  nmHtrnction  of  iKirreU  and  half  barrela  filled  or  intended  to  be 

filled  irUh  cured  white  herrings. 

1 .  Cajxtcitff:  ( 1 )  Every  barrel  shall  l)e  capahle  of  containing  26^  gallons  imperial  measare. 
being  e<inal  to  3*2  gallons  English  wine  measure.  (2)  Every  half  barrel  shall  be  capable  of  con- 
taining 18^  gallons  imi)erial  mejisnre,  lieing  equal  to  16  gallons  English  wine  measure. 

2.  Tight uemi:  Every  barrel  and  half  barrel  shall  l)e  perfectly  tight. 

3.  Staves  and  ends: 

(a)  Thickness:  The  staves  and  ends  of  every  barrel  and  half  barrel  shall,  when  completed, 
be  not  less  than  one-half  part  of  an  inch,  and  not  more  than  three-fourths  parts  of  an  inch,  in 
thickness  throughout. 

(b)  Breadth:  (i)  The  staves  of  everj'  Imrrel  and  half  barrel  shall  not  exceed  6  inches  in  breadth 
at  the  bulge,  (ii)  The  head  end  of  every  l>arrel  and  half  i>arrel  must  contain  not  less  than  three 
pieces  and  the  lx)ttom  end  not  less  than  two  pieces. 

(c)  Quality,  etc. ,  of  staves:  The  staves  of  every  barrel  and  half  liarrel  shall  be  well  seasoned 
and  well  fired,  so  as  to  bring  them  to  a  proper  round.  The  staves  shall  not  be  cracked,  broken,  or 
patched,  and  there  shall  not  be  a  double  croze.     The  chime  shall  not  be  less  than  1  inch  in  length. 

(d)  Fitting  of  ends  in  crozes:  The  ends  of  everj' barrel  and  half  barrel  shall  fit  properly  in 
the  crozes,  and  shall  not  be  turned  inside  out,  nor  bent  outwards  nor  inwards  so  as  to  affect  the 
sufficiency  of  the  l>arrel  or  half  barrel. 

4.  Hooping:  ( 1 )  Every  barrel  or  half  barrel  shall  l>e  hooped  in  one  of  the  three  following  ways, 
viz:  (a)  Entirely  with  wooden  noops:  (/>)  entirely  with  iron  hoops;  or  (c)  partly  with  wooden 
hoops  and  partly  with  iron  hoops. 

(a)  Entirely  with  wo<Klen  hoops: 

Ever>'  Iwirrel  c>r  half  l)arrel  hoope<l  entirely  with  wooden  hoops  shall  l>e  hooped  in  either 
of  the  two  following  ways,  \\z:  (i)  Every  barrel  and  half  barrel  shall  l>e  fuU-liound  at  the  bottom 
end  and  have  at  least  three  go<^l  hoops  on  the  upper  quarter,  and  everj*  barrel  shall  have  four  good 
hooi)s  and  everj'  half  barrel  three  good  hoops  on  the  head  end;  the  distance  between  the  nearest 
hoops  on  opposite  sides  of  the  bulge  of  every  barrel  shall  not  exceed  1 1  inches  after  the  hoops  have 
l)een  properly  driven:  the  distance  for  half  barrels  shall  l)e  in  like  proportion.  Or,  (n)  ever)*  barrel 
and  half  barrel  shall  lie  quarter-hoopetl,  the  barrels  with  four  good  hoops  on  each  end  and  three 
good  hoops  on  each  <iuarter.  and  the  half  barrels  with  three  g(xxl  hoops  on  each  end  and  three  good 
hoops  on  each  tjuarter. 

{b)  Entirely  with  iron  hoops: 

(1)  Ever>'  l)arrel  hoope<l  entirely  with  iron  hoops  shall  lie  hooi)ed  in  either  of  the  two 
following  ways,  viz:  (i)  Every  liarrel  shall  Ik?  hooped  with  at  least  four  hoojjs.  one  of  those  to  be 
on  each  end  of  the  Ijarrel  and  not  to  l>e  less  than  2  inches  wide,  of  wire  gage  No.  16,  and  the  other 
two  to  be  on  the  quarters  of  the  barrel  and  not  less  than  IJ  inches  wide,  of  wire  gage  No.  17,  the 
four  hoops  to  1r*  placed  at  proper  relative  distances  on  the  barrel.  Or,  (n)  every  barrel  shall  be 
hoope<l  with  six  h(x)ps,  one  of  these  to  l>e  on  each  end  of  the  l)arTel  and  not  to  be  less  than  If  inches 
wide,  of  wire  gage  No.  16,  one  to  be  on  each  of  the  quarters  and  not  to  be  less  than  1  inch  wide,  of 
wire  gage  No.  18,  and  one  to  be  on  each  side  of  the  bulge  and  not  to  be  less  than  1^  inches  wide, 
of  wire  gage  No.  17,  the  six  hoops  to  be  placecl  at  proper  relative  distances  on  the  barrel. 

(2)  Everj-  half  barrel  hooped  entirely  with  iron  hoops  shall  be  hooped  with  at  least  four 
hoops,  one  of  these  to  be  on  each  end  of  the  half  barrel  and  not  to  be  less  than  1\  inches  wide,  of 
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wire  gage  No.  17,  and  the  other  two  to  be  on  the  quarters  of  the  half  barrel  and  not  less  than  li 
inches  wide,  of  wire  gage  No.  18,  the  fonr  hoops  to  be  placed  at  proper  relative  distances  on  the 
half  barrel. 

(c)  Partly  with  icooden  hoops  mid  partly  with  iron  hoops: 

( 1 )  Every  barrel  hoope<l  x)artly  with  wooden  hoops  and  partly  with  iron  hoops  shall  have 
either  (a)  the  hoop  of  the  head  end  alone,  or  (h)  the  hoops  of  both  ends,  made  of  iron  at  least  2 
inches  wide,  of  wire  gage  No.  16.  (a)  If  the  hoop  of  the  head  end  alone  he  of  iron,  the  remaining 
jwrtion  of  the  barrel  shall  be  bound  with  wooden  hoops  in  either  of  the  two  following  ways,  viz, 
the  bottom  end  full  bound,  with  at  least  three  good  hoops  on  the  upper  quarter,  or  (juarter  hoopeil, 
with  three  good  hoops  on  each  quarter  and  four  good  hoops  on  the  l)ottom  end.  {b)  If  the  hooiw 
of  both  ends  be  of  iron,  each  of  the  two  quarters  shall  l>e  bound  with  at  least  three  good  wooden 
hoops. 

(2)  Every  half  barrel  hooped  partly  with  wooden  hoops  and  partly  with  inm  hoops  shall 
have  either  (a)  the  hoop  of  the  head  end  alone,  or  (6)  the  hoops  of  both  ends,  made  of  iron  at  least 
U  inches  wide,  of  wire  gage  No.  17.  («)  If  the  hoop  of  the  head  end  alone  be  of  iron,  the  remain- 
ing portion  of  the  half  barrel  shall  be  Iwund  with  wooden  hoops  in  either  of  the  two  following 
ways,  ^^z,  the  bottom  end  full  Iwund  with  at  least  three  good  hcwps  on  the  upper  quarter,  or 
quarter  hooped,  with  three  good  hoops  on  each  quarter  and  three  good  hoops  on  the  bottom  end. 
{b)  If  the  hoops  of  both  ends  be  of  iron,  each  of  the  two  quarters  shall  be  bound  with  at  least  three 
good  wooden  hoops. 

11.  Marks  which  curers  are  required  to  put,  or  are  prohibited  from  putting,  on  barrels 
and  half  barrels  filled,  or  meant  to  be  filled,  with  cured  white  herrings. 

(a)  On  the  outside  of  the  bottom  of  every  barrel  and  half  barrel,  at  the  time  when  they  are 
given  by  the  curer  to  the  packer  to  be  packed  with  herrings,  there  shall  Ik*  legibly  written  or 
marked  with  red  keel  or  black  lea<l  a  description  of  the  herrings  to  be  packed,  the  date  of  their 
cure,  and  the  number  of  the  i)acker;  and  neither  chalk  nor  any  other  substance  shall  be  allowed 
to  i)ass  as  a  substitute  for  red  keel  or  black  lead,  and  no  liarrel  or  half  barrel  unmarked  as  hert» 
prescribed  shall  be  examined  for  branding. 

(?>)  When  any  Imrrel  or  half  barrel  has  been  emptied  of  the  herrings  it  contained,  the  old 
marks  on  the  bottom  shall  be  obliterated,  and  the  barrel  or  half  Imrrel,  at  the  time  it  is  given  to  a 
packer  to  be  again  packed  with  herrings,  legibly  marked  anew,  in  red  keel  or  black  lead,  with  the 
description  of  herrings  it  is  intended  to  pack  therein,  the  date  of  the  cure,  and  the  numl)er  of  the 
packer. 

(c)  The  curer's  name  and  the  name  of  the  jwrt  or  place  of  cure  shall  be  brande<l  on  the  side  of 
all  liarrels  or  half  barrels  presented  for  the  crown  brand,  and  in  addition  the  name  of  the  district 
may  be  added  thus:  to  Sandhaven  may  be  addeil  Fraserburgh,  and  to  Boddam  Peterhea<l,  and 
a])ove  these  impressions  there  shall  be  legibly  scrieve*!  a  description  of  the  herrings  contained  in 
the  barrels  or  half  barrels,  and  the  date  of  their  cure — the  month  of  cure  to  be  expressed  by  the 
first  letter  thereof,  except  in  the  cases  of  January.  April,  May.  and  June,  which  shall  lie  designated 
by  JA,  AP,  MA,  and  JE,  respectively;  the  following  being  given  as  examples  of  scrieving:  12th  July 
1895,  La.  Full,  L  12  J/95;  Full,  F  12  J/95;  Mat.  Full,  MF  12  J/95;  Spent,  S  12  J,'95;  Mattie,  E  12  J  95. 
On  crown-branded  barrels  of  herrings  the  year  need  not  be  branded,  as  that  is  given  in  the  scriev- 
ing and  also  in  the  crown  brand,  which  should  l)e  placed  in  close  proximity  to  the  curer 's  name 
and  the  name  of  the  port  or  place  of  cure. 

(d)  No  descriptive  mark  or  marks  shall  be  placed  on  the  ends  of  barrels  or  half  l>arrels  of 
crown-branded  herrings  under  penalty  of  removal  of  the  crown  brand  without  return  of  fees. 

///.  Heading  up  of  barrels  and  luilf  barrels  after  filling  them  up  with  cured  white  hen'ings. 

After  filling  up,  according  as  the  barrel  or  half  barrel  has  lieen  ojiened  at  the  head  end  or  the 
bottom  end,  it  shall  be  flagged  round  the  head  or  bottom,  made  perfectly  tight  to  contain  the  pickle, 
and  pickled  at  the  bunghole.  The  bunghole  shall  be  ])ored  within  1 J  inches  of  the  foremost  lux)p 
of  the  left  end;  and  both  chime  and  quarter  hoops  of  each  end  of  every  barrel  or  half  barrel  slitill 
be  properly  nailed. 
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IV,  Quality,  method  of  aire,  packing,  etc.,  of  white  herrings  necessary  to  secure  the  official  brand, 

Qmility:  The  herrings  shall  be  of  good  quality. 

Gutting,  curing,  and  packing:  They  shall  be  gutted  with  a  knife,  and  cured,  and  packed  in 
barrels  or  half  barrels  within  twenty-four  hours  after  being  caught. 

They  shall  be  well  cured  and  regularly  ealted,  and  all  fish  broken  or  torn  in  the  belly  shall  be 
excluded. 

They  shall  be  carefully  laid  in  barrels  or  half  barrels,  each  tier  l)eing  completed  with  head 
herrings,  and  the  herrings  in  each  successive  tier  lieing  arranged  transversely  to  those  in  the  next 
tier  underneath,  and  drawn  closely  together,  care  being  taken  that  the  heads  of  the  herrings  are 
kept  close  t<^  the  sides  of  the  barrel  or  half  barrel  until  it  is  completely  filled. 

None  of  them  shall  l)e  laid  in  bulk  after  l)eing  cured  in  barrels  or  half  barrels. 

They  shall,  if  intended  for  the  La.  Full.  Full,  or  Mat.  Full  brands,  be  pined  in  salt  for  not  less 
than  ten  free  days;  and,  if  intended  for  the  Spent  or  Mattie  brands,  they  shall  be  similarly  pined 
for  not  less  than  eight  free  days,  these  i^eriods  to  l>e  exclusive  of  the  day  of  cure  and  the  day  of 
filling  uj)  for  branding;  and  this  retiuirement  shall  apply  to  the  herrings  used  in  filling  up  as  well 
as  to  those  in  the  original  packing. 

Filling  up: 

{a)  The  surplus  pickle  shall  be  run  well  off  through  the  bunghole,  and  the  seastick  herrings 
then  left  in  the  barrel  or  half  barrel  shall  be  pressed  down  by  the  cooper  steadily  and  uniformly, 
by  daunt  or  otherwi.se  (use  of  daunt  i)referable),  thus  testing  the  firmness  of  the  original  packing, 
and  whether  the  surplus  pickle  has  been  suflSciently  poured  off  or  not.  Pickle  shall  alone  be  used 
for  the  purjwse  of  washing  herrings  offered  for  the  crown  bniud. 

(6)  The  space  left  in  the  head  end  of  the  barrel  or  half  barrel  shall  then  be  tightly  packed  with 
herrings  carefully  laid,  regularly  and  lightly  salted,  the  barrel  or  half  barrel  being  firmly  filled 
with  herrings  round  the  sides,  as  well  as  in  the  center.  The  herrings  shall  be  pressed  firmly  to  the 
sides  of  the  barrel  or  half  barrel  with  both  hands,  each  tier  being  completed  with  head  herrings, 
and  the  herrings  in  each  successive  tier  being  aminged  transversely  to  those  in  the  next  tier  under- 
neath, and  the  weight  of  the  hands  being  pressed  on  each  tier  when  finished,  care  being  taken  that 
the  heads  of  the  herrings  in  every  tier  are  kept  close  to  the  sides  of  the  barrel  or  half  barrel  until 
it  is  completely  filled. 

(c)  No  herrings  which  have  lost  their  original  pickle  shall  be  used  in  filling  up. 

V.  Conditions  on  which  cured  white  herrings  which  hai'c  lost  their  original  pickle  may 

secure  the  official  brand. 

No  herrings  which  have  lost  the  original  pickle  shall  be  accorded  the  crown  brand  unless  they 
have  lieen  repacke<l,  washed  in  pickle,  and  presented  separately  for  inspection,  when  if  found 
worthy  in  every  other  respin^-t  they  shall,  in  addition  to  the  crown  brand,  receive  the  '*  Repack  "  iron 
across  the  St.  Andrew's  cross  on  the  shoulders  of  the  crown,  so  that  it  can  not  be  removed  without 
effacing  the  cro\\ni  brand.  If  barrels  or  half  barrels  of  repacked  herrings,  instead  of  l>eing  offered 
separat^'ly,  are  found  mixe<l  up  with  any  i)arcel  of  bung-i)acked  herrings  presented  for  the  brand, 
the  whole  parcel  shall  lie  rejected. 

VI.  Iiea.viortment  of  rejected  herrings  for  the  official  brand. 

When  herrings  once  presented  for  branding  have  been  rejected  by  an  officer  for  bad  quality, 
bad  cure,  bad  gutting,  or  for  being  mixe<l  with  overday's  fish  (see  penalty  for  presenting  ov^erday's 
fish,  etc. ,  on  the  back  of  request  note,  and  at  the  end  of  these  regulations) ,  they  can  not  he  reassorted 
and  presented  again  for  l^randing. 

Herrings  rejecte<l  for  bad  selection,  or  for  too  many  undersized  herrings  for  the  standard  of 
the  iron  applied  for,  may  be  reselecte<l  and  presented  anew.  Imt  they  must  lie  pickled  with  original 
pickle,  when  they  may  l>e  crown-l)randed.  if  found  otherwise  satisfactory,  with  the  *"  Repack  "  iron 
added.     The  daunt  must  l)e  used  with  all  repacked  herrings. 

Early-caught  herrings:  Herrings  caught  on  the  north  and  east  coast  of  Scotland  and  on  the 
coasts  of  Orkney  and  Shetland  before  r2th  July  shall  not  be  crowTi-branded  with  the  **  Mattie'' 
iron,  while  those  caught  on  the  coasts  mentioned  from  12th  to  19th  July,  both  days  inclusive,  shall 
have  tlie  long  gut  taken  out  before  l)eing  eligible  for  the  **  Mattie  "  brand. 
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Winter-caught  herrings:  Winter  herrings  may,  from  the  Ist  November  of  the  ^,^^€9     y 
Igt  April  of  the  succeeding  year,  be  crown-branded,  with  the  word  '*  Winter  "  branded  r-^^i^^^ 
the  St.  Andrew's  cross  on  the  shonlders  of  the  crown,  so  that  it  can  not  be  removed  withoiz^s.    e/ 
the  crown  brand. 

VIL  Examination  of  barrels  and  half  barrels  in  respect  of  their  capacity  and  mode  ofconstn 

(a)  Barrels  and  half  barrels  intended  to  be  filled  with  cnred-white  herrings:  Office] 
examine  at  least  fonr  in  every  hundred  barrels  or  half  barrels  intended  to  be  filled  with  he 
the  capacity  of  one  being  tested  (if  necessary)  by  liquid  measure,  and  the  capacity  of  the  i^, 
ing  three  by  diagonal  rod  23  inches  long  for  barrels  and  18^  inches  long  for  half  barrels,  me^s 
from  the  croze  of  the  bottom  end  to  the  croze  of  the  head  end;  the  examination  to  l)e  mad< 
time  or  times  suitable  for  the  officers  themselves. 

(6)  Barrels  and  half  barrels  filled  with  cured  white  herrings:  Officers  shall  examine  all  barr^ 
and  half  barrels  filled  with  herrings,  and  (if  necessary)  shall  empty  the  herrings  out  of  at  le^"^ 
one  barrel  or  half  barrel  in  every  hundred  and  test  its  capacity  by  liquid  measure  and  test  t^^ 
capacity  of  at  least  three  others  by  callipers. 

VIII,  Examination  for  branding  and  stenciling  barrels  and  half  barrels  in  respect  of  tJie 
quality,  method  of  cure ,  packing,  etc.,  of  the  white  herrings  they  contain. 

(a)  The  barrels  or  half  barrels  presented  for  branding  shall  be  laid  out  so  that  the  bottom  endR 
come  at  once  under  the  eye  of  the  branding  officers. 

{b)  The  curer,  or  his  authorized  manager  at  the  place  of  cure,  having  delivered  to  the  officer  the 
prox>er  account  of  cure  of  the  herrings  presented  for  branding,  and  a  request  note  containing  the 
number  of  barrels  and  half  barrels  to  be  presented,  the  officer  shall  see,  first,  that  the  number  of 
barrels  and  half  barrels  is  correctly  stated  in  the  request  note;  second,  that  the  request  note  is 
signed  by  the  curer  or  his  authorized  manager  (as  the  case  may  be) ;  and  third,  that  the  branding 
conditions  attached  thereto  are  likewise  signed  by  the  curer  or  his  authorized  manager. 

N.  B.  It  shall  be  understood  that  no  manager  can  be  recognized  as  an  authorized  manager 
except  under  authority  obtained  from  the  board  upon  application  previously  made  by  the  curer. 

(c)  Brand  fees  (at  the  rate  of  Ad.  per  barrel  and  2d.  per  half  barrel)  corresi)onding  to  the 
correct  number  of  barrels  and  half  barrels  in  the  request  note  shall  be  deposited  with  the  officer 
before  branding,  subject  to  the  condition  that  if  the  x)arcel  be  not  branded  the  amount  of  brand 
fees  so  deposited  shall  be  returned  to  the  curer;  or.  if  only  a  portion  of  the  parcel  be  rejected,  the 
brand  fees  corresix)nding  thereto  shall  be  returned. 

(d)  The  curer *s  declaration  shall  then  be  taken  and  signed  by  him. 

(e)  The  minimum  number  of  barrels  to  be  examined  per  hundred  shall  be  seven.  Two  barrels 
X>er  hundred  or  smaller  parcel  shall  be  examined  down  through  the  original,  the  remaining  five 
down  to  the  lower  quarter  hoop  of  either  end. 

Officers  are  not  restricted  to  this  scale,  but  if  need  be  shall  ox)en  as  many  more  barrels  or  half 
barrels  as  they  may  deem  requisite  to  satisfy  them  that  the  herrings  are  fit  for  branding,  for 
which  they  will  be  held  resix)nsible  to  the  board;  but  they  shall  understand  that  in  no  case  what- 
ever shall  fewer  barrels  or  half  barrels  than  what  is  prescribed  in  the  above  scale  be  ox)ened  for 
examination  previous  to  branding. 

if)  The  barrels  or  half  barrels  selected  for  examination  shall,  as  a  general  rule,  be  opened  at 
the  bottom  and  head  end  alternately — that  is  to  say,  No.  1  shall  l>e  opened  at  the  head  end.  No.  2 
shall  be  opened  at  the  bottom  end,  and  so  on  until  the  whole  examination  is  concluded.  The 
herrings  in  all  barrels  or  half  barrels  ojwned  shall  be  searched  down  to  the  lower  quarter  hoop 
of  either  end,  two  barrels  per  hundred  or  under  as  in  note  (e) ,  and  as  uiuch  farther  as  may  bt* 
deemed  necessary. 

But  where  an  officer,  from  any  cause,  sees  reason  to  examine  a  larger  proportion  of  barrels  or 
half  barrels  at  the  one  end  than  at  the  other,  he  shall  be  at  liberty  to  substitute  the  examination 
of  such  larger  proportion  for  the  above  alternate  examination,  only  observing  that  not  less  than 
the  full  proportions  per  hundred  or  smaller  parcel  which  are  laid  down  for  the  minimum  scale  of 
examination  shall  be  examined  in  all,  and  that  as  many  more  shall  be  examined  as  he  may  see  fit. 

(gf)  In  examining  a  parcel  the  work  of  different  packers  shall  be  selected,  as  well  as  herrings 
of  different  dates  of  cure. 
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(h)  All  objectionable  herrings  shall  be  removed  from  the  barrels  examined  before  afiizing 
the  crown  brand. 

(i)  When,  on  the  first  examination  of  herrings  for  branding,  they  are  found  of  bad  quality, 
badly  cured,  or  badly  glutted,  refusal  of  the  brand  shall  be  final  and  absolute.  When,  however, 
this  refusal  has  been  entirely  owing  to  the  liarrels  or  half  barrels  being  too  slackly  x>acked  with 
herrings,  or  the  filling  up  badly  selected,  the  case  shall  l)e  treated  exceptionally  and  shall  be  reme- 
died by  filling  up  or  reselection  only  of  the  filling  up,  and  the  herrings  may  thereafter  be  branded, 
if  in  accordanct^  with  the  following  conditions: 

( I)  Tliey  shall  he  ])resented  for  renewed  inspection  only  to  the  officer  who  previously  rejected 
them,  who  shall  satisfy  himself  by  full  examination  that  they  are,  apart  from  slack 
X)acking  or  bad  selecticm  of  the  filling  up,  worthy  of  the  })rand. 
(ii)  The  filling  up  shall  have  been  properly  comi)leted;  but.  failing  this,  the  herrings  shall  be 

finally  rejected  and  no  further  examination  permitted, 
(ill)  The  officer  shall  retain  the  fees  until  the  herrings  are  branded  or  finally  rejected;  in  the 

latter  case  returning  the  fees, 
(iv)  He  shall  state  uxx)n  the  request  note  the  particulars  of  the  first  refusal;  and  if  the  her- 
rings be  afterwards  branded,  the  date  of  branding. 
When,  however,  a  parcel  is  small,  and  \\\)OJi  the  first  in8i)ection  the  deficiency  in  filling  up  is 
seen  to  l)e  so  very  trifling  that  it  can  be  supplied  at  once  in  the  presence  of  the  officer  without 
difficulty  or  detention,  the  alK)ve  conditions  shall  not  api)ly,  but  the  filling  up  may  1)8  done  ujion 
the  spot  and  the  branding  proceeded  with  immediately  afterwards,  the  officer  being  careful  to 
satisfy  himself  jirevious  to  the  ])rauding  that  the  herrings  are  in  all  other  rt»sx)ects  entitleil  to 
be  branded. 

(k)  The  officers  shall  see  that  the  barrels  ox)ened  are  filled  up  and  headed  with  proper  care. 
(Z)  The  officers  shall  put  a  double  crown  cm  the  bilge  of  the  ])arrel  examined  and  toward  the 
end  examined. 

(in)  Oversalting  shall  be  determined  by  the  measure  known  as  the  cog;  and  the  quantity  of 
salt  left  in  any  barrel  emptied  of  fish  must  not  exceed  this  measure. 

IX,  Branding  and  stenciling  barrels  and  lutlf  barrels  in  respect  of  the  quality y  method 

of  cure,  packing,  etc.,  of  the  white  herrings  tliey  contain. 

Every  barrel  or  half  barrel  containing  white  herrings  presented  to  one  of  the  officers  for  exam- 
ination shall,  if  the  cai^acity  and  mode  of  construction  of  the  barrel  or  half  barrel,  and  the  quality, 
cure,  selection,  packing,  etc.,  of  the  herrings  are,  in  liis  opinion,  such  as  to  satisfy  the  requirements 
of  these  regulations,  (1)  have  branded  in  his  presence,  by  means  of  a  hot  iron,  on  the  bilge,  in  close 
pn>xiniity  to  the  curer's  name  and  the  name  of  the  port  or  place  of  cure,  a  (trown  surrounding  the 
word  *•  Scotland,'*  a  description  of  the  herrings,  viz:  La.  Fnll,  Full,  Mat.  Full,  Spent,  or  Mattie 
(as  the  case  may  be),  the  initial  letters  of  the  examining  officer's  name  and  the  year;  and  (2)  have 
stenciled  in  his  presence,  cm  the  head  end,  a  crown  surrounding  the  same  word,  description,  and 
letters  as  those  branded  on  the  bilge,  with  the  words  **  Fishery  Board,  Crown  Brand,'  stenciled 
below. 

X,  Requirements  of  the  different  Itramls, 

In  addition  to  what  are  contained  in  the  fon^going  regulfitions,  the  requirements  in  resi)ect  of 
the  different  brands  shall  \ye  as  follows: 

Crown  '*La.  Full"  Brand. 

Barrels  or  half  barrels  of  herrings  f(>r  this  brand  shall  ctontain  large  full  herrings  of  not  less 
than  1 1|  inclitjs  in  extreme  length,  as  measured  by  the  fishery  officer's  gage,  made  for  the  purpose. 
Rejections  under  this  brand  sliall  be: 

(1)  On  original  x)acking  for  spent,  torn,  broken  herrings,  or  herrings  of  bad  or  indifferent 
quality  if  more  than  fifteen;  or.  on  filling  up,  if  more  than  six. 

(2)  On  original  packing  if  the  undersized  amount  to  more  than  fifteen;  or,  on  filling  up,  to 
more  than  six.  And  the  parcel  shall  also  be  rejected  if  it  should  appear  that  the  larger  herrings 
suitable  for  this  brand  have  been  previously  taken  out. 
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Crown  **Fuir'  Brand. 

Barrels  or  half  barrels  of  herrings  for  this  brand  shall  contain  fnll  herrings  of  not  less  than 
lOi^  inches  in  extreme  length,  as  measnred  by  the  fishery  officer^s  gage,  made  for  the  purpose. 
Rejections  nnder  this  brand  shall  be: 

(1)  On  original  x>acking  for  spent,  torn,  or  broken  herrings,  or  herrings  of  bad  or  indifferent 
quality,  if  more  than  eighteen;  or,  on  filling  up,  if  more  than  nine. 

(2)  On  original  packing  if  the  undersized  amount  to  more  than  eighteen;  or,  on  filling  up,  to 
more  than  nine.  And  the  parcel  shall  also  be  rejected  if  it  should  appear  that  the  larger  herrings, 
suitable  for  this  brand,  have  been  previously  taken  out. 

Crown  *'Mat.  Full"  Brand. 

Barrels  or  half  barrels  of  herrings  for  this  brand  shall  contain  full  herrings  well  develope<l — 
the  roe  or  milt  being  clearly  seen  at  ne<;k  or  throat  without  pressure — of  not  less  than  9|  inches  in 
extreme  length,  as  measured  by  the  fishery  officer's  gage,  made  for  the  purpose.  Rejections 
under  this  brand  shall  be: 

(1)  On  original  x>acking  for  spent,  torn,  or  broken  herrings,  or  herrings  of  bad  or  indifferent 
quality,  if  more  than  twenty-one;  or,  on  filling  up,  if  more  than  nine. 

(3)  On  original  x)acking  if  the  undersized  amount  to  more  than  twenty-one;  or,  on  filling  up,  to 
more  than  nine.  And  the  parcel  shall  also  be  rejected  if  it  should  appear  that  the  larger  herrings 
suitable  for  this  brand  have  been  previously  taken  out. 

Crown  **  Spent ''  Brand. 

Barrels  or  half  barrels  of  herrings  for  this  brand  shall  contain  spent  herrings  of  not  less  than 
lOi  inches  in  extreme  length,  as  measured  by  the  fishery  officer's  gage,  made  for  the  puri)08e. 
Rejections  under  this  brand  shall  be: 

(1)  On  origfinal  packing  for  torn  or  broken  herrings,  or  herrings  of  bad  or  indifferent  quality, 
if  more  than  eighteen;  or,  on  filling  up,  if  more  than  nine. 

(2)  On  original  packing  if  undersized  amount  to  more  than  eighteen;  or,  on  filling  up,  to  more 
than  nine.  And  the  parcel  shall  also  be  rejected  if  the  larger  herrings  have  been  previously 
taken  out. 

Crown  '*  Mattie  *'  Brand. 

Barrels  or  half  barrels  of  herrings  for  this  brand  shall  contain  herrings  not  eligible  for  any  of 
the  foregoing  brands,  and  of  not  less  than  9  inches  in  extreme  length,  as  measured  by  the  fishery 
officer's  gage,  made  for  the  purpose,  but  shall  not  contain  headless  herrings.  Rejections  under 
this  brand  shall  be: 

(1)  On  original  packing  for  torn  or  broken  herrings,  or  herrings  of  bad  or  indifferent  quality, 
if  more  than  thirty;  or,  on  filling  up,  if  more  than  twelve. 

(2)  On  original  packing  if  undersized  amount  to  more  than  thirty:  or,  on  filling  up,  to  more 
than  twelve. 

''Repack ''Brand. 
For  exx)ortation  out  of  Euroi)e: 

1.  The  herrings  for  this  brand  shall  have  been  pined  in  salt  for  not  less  than  ten  days,  exclusive 
of  the  day  of  catch  and  the  day  of  beginning  to  repack  for  branding. 

2.  They  shall  be  emptied  out  of  each  barrel  or  half  barrel  in  which  they  were  originally  cured, 
and  they  shall  be  washed  clean. 

3.  They  shall  have  the  crown  gut,  if  adhering  to  them,  removed. 

4.  They  shall  be  repacked  into  the  barrels  or  half  barrels  from  which  they  were  emptied  and 
into  as  many  additional  Imrrels  or  half  barrels  as  may  be  necessary. 

5.  They  shall  be  salted  sufficiently,  and  be  pickled  with  strong  pickle  made  of  clean  salt. 

6.  Every  barrel  or  half -barrel  shall  be  full  bound  at  the  head  end  as  well  as  at  the  bottom  end, 
and  shall  have  at  each  end  an  iron  hoop  of  1  inch  in  breadth. 
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**  Lozenge  "  Brand. 

1.  This  brand  shall  be  applied  to  herrings  previoa««ly  branded  which  have  been  repacked  in  the 
manner  retjuired  for  the  "  repack  "  brand,  and  the  lozenge  shall  be  stamped  immediately  under  and 
close  to  the  crown  brand  already  npon  the  barrels  or  half  barrels. 

2.  Upon  the  additional  barrels  or  half  barrels  derived  from  the  repacking  the  *'  repack  *'  brand 
shall  be  affixed,  subjoining  thereto  the  lozenge  brand  as  above. 

Note. — By  the  strict  letter  of  the  act  the  cnrer  or  proprietor  of  the  herrings  ought  to  give 

twenty-four  hours*  notice,  in  writing,  of  his  intention  to  repack  for  this  brand,  but,  of 

course,  where  the  officer  can  accomplish  his  examination  of  the  herrings  sooner  he 

should  endeavor  to  do  so  and  accommodate  the  curer  as  far  as  he  can. 

Under  any  crown  brand,  if  the  officer  is  satisfit^l  with  the  c^ire,  quality,  etc..  of  the  herrings, 

but  considers  them  generally  too  flatly  packed,  in  addition  to  the  crown  brand  he  shall  cause  the 

lozenge  brand  to  be  affixed  to  cover  the  St.  Andrews  cross  on  the  top  of  the  crown. 


SCOTLAND 
MATTIE 


WB  95 


SCOTLAND 
LAFULL 


J.M  95 


FISHERY  BOARD 
CROWN  BRAND 


SCOTLAND 


SCOTLAND!  (SCOTLAND}  (SCOTLAND 


MAT-FULL 


FULL 


J.L  95 


REPACK 


WINTER 


Representations  of  Brands  used  in  Scotland  in  markinu  Barrels  of  Glared  HERRiN(i. 

A)j<jut  onc-balf  actual  tazv. 
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THE  DUTCH  HERRING  FISHERY. 

Vlaardingen,  situated  on  the  Maas,  a  few  miles  l)elow  Rotterdam,  is  the  center 
of  the  Dutch  herring  trade.  There  the  herring  boats  fit  out,  there  they  land  their 
catch,  and  there  are  the  houses  in  which  the  fish  ai"e  pn^pared  for  shipment. 

The  herring  fishery  is  conducted  by  steam  and  sail  vessels,  which  use  tanned 
cotton  gill  nets  3G0  meshes  deep  and  720  meshes  long,  the  size  of  mesh  l>eing  2-ineh 
stretch.  From  80  to  150  nets  are  carried  by  each  vessel,  this  outfit  usually  costing 
from  5,000  to  7,000  guilders.  The  nets  are  set  about  6  feet  below  the  surface,  being 
held  in  position  by  leads  and  by  corks  (5  inches  long,  3  inches  wide,  and  2  inches 
thick)  at  intervals  of  a  foot,  the  cork  line  being  attached  to  the  top  of  the  net  by 
numerous  gangings  8  inches  long.  At  times,  when  the  herring  are  close  inshore, 
some  surface  fishing  is  done. 

The  dressing  and  salting  of  the  fish  immediately  after  the  nets  are  hauled  on 
the  vessels  are  considered  of  great  importance  by  the  Dutch  herring  fishermen,  and 
no  doubt  contribute  largely  to  the  quality  of  the  cured  fisli. 

The  Dutch  method  of  cleaning  herring  is  similar  to  the  Scotch.  Provide<l  with 
a  short  knife,  attached  to  the  fourth  and  fifth  fingers  of  the  right  hand  by  a  string 
tied  to  the  handle,  the  fishermen  take  the  herring  in  the  left  hand,  with  the  l)elly 
up  and  the  head  forward,  and  thrust  the  knife  crosswise  directly  through  the  gill 
cavities,  entering  the  left  side  and  emerging  from  the  right.  The  edge  of  the  knife 
being  turned  upward  or  outward,  the  knife  is  pulled  directly  through  the  tissues, 
cutting  and  tearing  away  the  gills,  branchiostegals,  heart,  oesophagus,  stomach,  and 
often  a  part  of  the  intestines;  the  pectoral  fins,  with  the  skin  and  muscle  at  their 
base,  also  ciome  away  with  the  same  movement.  There  is  apparently  little  effort, 
made  to  remove  anything  except  the  gills  and  pectorals,  the  other  organs  coming 
away  incidentally.  The  men  become  very  expert  in  cutting,  and  some  of  them  can 
handle  1,200  fish  per  hour  (20  per  minute). 

The  removal  of  the  gills  and  heart  results  in  opening  the  large  blooil  vessels,  and 
free  bleeding  ensues;  this  leaves  the  flesh  pale  or  white,  in  contrast  with  the  dark 
reddish  cx)lor  of  the  Scotch  herring,  in  which  the  blood  is  allowed  to  clot.  It  some- 
times happens  in  the  Dutch  fishery  that  when  there  is  a  large  catch  the  blood  has 
clotted  in  the  last  fish  handled.  The  chief  and  only  genuine  l>enefits  of  cutting  as 
now  practiced  are  the  bleeding  and  the  opening  of  the  alKlominal  cavity  to  the  brine. 

Some  herring  examined  by  me  as  brought  in  by  the  fishing  vessels  at  Vlaardingen 
contained  pyloric  cteca  and  part  of  the  intestiiies,  as  well  as  the  liver  and  reproductive 
organs.  The  intestine,  with  or  without  the  cjeca,  often  hangs  outside  th(»  wound 
made  with  the  dressing  knife;  it  is  called  the  **zeele"  (soul),  and  is  frequently  eaten 
by  the  packers  of  salt  fish,  being  regarded  a  choice  morsel. 

The  packing  of  herring  is  done  while  the  vessels  are  still  at  sea.  The  fish  are 
first  rolled  in  salt  and  then  carefully  packed  in  straight  rows,  with  backs  down. 
The  fish  in  a  given  layer  are  at  right  angles  to  those  of  adjoining  layii^i's.  One  barrel 
of  St.  Ubes  salt  is  required  to  pack  four  barrels  of  herring  at  sea,  the  salt  iHMug 
disposed  between  the  layers  of  fish.  The  barrels  are  headed  up  and  stored  in  the 
hold  until  the  fishing  trip  is  ended  or  all  the  barrels  filled.  On  reaching  port  the 
catch  is  unloaded  and  sold  at  auction. 
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The  buyer  almost  always  repacks  the  fish  in  oiiler  to  sort  them  by  size  and 
grades  of  quality,  no  sorting  being  attempted  on  the  vessels.  Sometimes  purchasers 
or  agents  prefer  the  sea-packed,  unsorted  fish,  but  as  a  rule  the  dealers  or  jobbers 
wish  to  know  how  many  fish  are  in  a  barrel  and  what  their  quality  is.  Some 
shrinkage  ensues;  this  is  usually  made  up  with  fish  of  the  same  lot  before  the  sale, 
the  refilling  being  done  either  on  shore  or  on  the  vessel. 

After  coming  into  the  hands  of  the  packer  the  herring  are  emptied  into  large  vats 
or  tanks,  from  which  they  are  repacked  according  to  the  prevailing  practice.  The 
original  brine  (called  *' blood  brine"  or  ** blood  pickle")  is  considered  much  better 
than  any  newly-made  brine,  and  is  always  saved  and  poured  back  on  the  fish  after 
repacking.  The  fish  are  placed  in  the  barrels  in  the  same  manner  as  at  sea,  and 
fresh  salt  is  added  in  the  proportion  of  1  barrel  to  8  barrels  of  fish.  The  shrinkage 
in  repacking  is  about  8  per  cent — that  is,  100  barrels  of  sea-packed  hernng  will 
make  about  92  barrels  of  fish  ready  for  market. 

The  Dutch  herring  barrels  conta>in  about  125  kilograms  of  fish,  and  most  of  the 
catch  is  marketed  in  such  barrels.  Smaller  receptacles — J,  i,  i,  ^V>  ^"^  A  barrels— r- 
are  also  used,  but  are  not  nearly  so  much  in  demand  as  they  were  a  few  years 
ago.  The  barrel  staves  are  oak  and  are  imported  from  New  York,  Baltimore,  and 
Newport  News  in  the  form  of  rough  pieces,  which  are  cut  into  proper  shape  at 
Vlaardingen,  where  several  thousand  coopers  are  regularly  employed.  The  hoops 
are  made  from  willow  trees  grown  on  the  dykes.  White,  clean  barrels  are  required 
for  the  American  trade;  dark,  dirty  barrels  are  ac<?epted  by  the  continental  countries. 
The  Scotch  herring  barrel  is  regarded  as  a  very  good,  strong  barrel,  and  is  imported 
by  the  Dutch  packers.  The  preferred  arrangement  of  the  hoops  is  to  have  four 
between  the  bung  and  each  end  as  well  as  four  at  each  end,  so  that  when  the  barrel 
is  rolled  its  weight  rests  on  the  hoops.  The  bung  is  large  and  central.  Some  barrels 
have  a  single  iron  hoop  at  the  top. 

In  Holland  there  is  no  official  I'egulatioii  of  packing  or  branding,  but  the  packers 
have  a  standard  which  is  generally  observed,  as  it  is  to  their  interest  to  have  the 
fish  proi)erly  packed  and  labeled.  The  diffei-ent  grades  of  herring  recognized  are 
similar  to  the  Scotch,  and  are  based  on  the  spawning  condition  of  the  fish.  The  ripe 
or  full  fish  are  branded  *'vol"  (=full);  the  matties(maatjis)  are  branded  "m";  the 
spent  herring  (ijlen)  are  branded  "  ij"or  "ule."  Of  each  of  these  there  are  several 
qualities  designated  No.  1,  No.  2,  etc.,  and  there  are  several  other  grades.  The 
barrels  are  usually  marked  with  a  stencil. 

The  Dutch  herring  trade  is  not  restricted  to  the  fish  caught  and  packed  by  the 
Dut<;h  fishermen.  Considerable  quantities  of  salt  Scotch  herring  are  received  at 
Ylaardingen,  which,  after  repacking,  are  sold  as  Dutch  herring.  Furthermore,  the 
Dutch  sell  some  of  their  own  herrings  in  Scotch  barrels  in  the  continental  countries, 
where  the  Scotch  pack  is  well  known. 
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SUGGESTIONS  IN  REGARD  TO  THE  AMERICAN  HERRING  FISHERY. 

The  experience  of  the  European  herring-paekera  has  result-ed  in  a  prepared 
product,  which  meets  witli  ready  sale  throughout  tlie  world  at  Ix^tter  i)rices  than  are 
received  for  otlier  cured  herring.  If  American  herring-curers  wish  to  8Ui)ply  the 
home  markets  and  to  establish  a  profitable  trade  with  other  countries,  tht»y  must 
take  cognizance  of  the  demands  of  those  markets  and  make  their  fish  conform  thei^eto. 
That  there  is  an  opportunity  for  a  largo  increase  in  l^oth  the  domestic  and  foreign 
trade  in  American  herring  there  can  be  no  doubt;  and  the  following  suggestions  are 
made  to  this  end : 

1.  While  the  demand  for  fresh  herring  for  bait,  for  smoking,  and  for  canning 
tnkes  a  large  part  of  the  catch  on  certain  parts  of  the  New  England  coast,  there  are 
localities  where  the  salting  of  herring  could  be  made  vii^ry  profitable.  Even  in  the 
canning  and  smoking  districts  it  may  prove  more  remunerative  to  the  weir  fishermen 
to  salt  their  large-sized  herring.  It  seems  jirobable  that  the  excellent  herring  of  the 
Pacific  coast  can  l)e  salted  to  great  advantage  and  ought  to  find  a  ready  market. 

2.  Care  must  be  exercised  in  all  steps  of  the  curing  and  i)acking  processes. 
Only  plump  fish  in  the  best  condition  should  be  salt-ed,  and  only  sound  fish  should  l)e 
packed.     Herring  of  different  grades  should  not  be  packed  in  the  same  barrel. 

3.  Different  standard  qualities  of  salt  herring  should  l)e  recognized  and  con- 
scientiously adhered  to.  The  organization  of  the  United  States  Government  would 
probably  not  warrant  the  Federal  authorities  in  exercising  jurisdiction  in  the  matter 
of  inspecting  and  branding  fish.  While  this  jurisdiction  could  doubtless  be  acciuirinl 
(as  has  been  done  in  the  case  of  meats  intended  for  exi)ort),  it  can  not  l)e  reganhKl 
as  essential.  Each  State  is  comiietent  to  superintend  the  inspection  and  branding 
of  its  own  fish,  to  adopt  special  regulations  and  brand  marks,  and  take  such  other 
measures  as  will  tend  to  promote  the  salt-herring  trade.  This  syst-ematic  branding 
under  State  authority  is  regarded  as  one  of  the  most  essential  factors  in  the  develop- 
ment of  the  salt-herring  trade. 

4.  The  establishment  of  a  large  tra<le  with  southern  Europe,  the  Philippines, 
Australia,  and  elsewhere  in  salted  river  herrings  or  alewives  is  entiivly  feasible. 
These  fish,  which  are  in  excellent  condition  when  they  ascend  the  Eastern  rivei-s  in 
untold  millions  each  season,  should,  if  properly  prepared,  sell  almost  hh  well  as  the 
sea  herring.  An  especially  good  opportunity  for  i)romoting  the  ale  wife  fishery 
appears  to  exist  in  the  Middle  and  South  Atlantic  States,  where  the  cat<5h  is  only 
imperfectly  utilized  and  where  labor  is  abundant  and  cheap.  The  river  herrings 
might  be  prepared  as  white-cured  herring  and  also  as  red  herrings. 


JAPANESE  OYSTER-CULTURE. 


By  BASHFORD  DEAN. 
Adjunct  fYo/essor  in  Zoology,  Columbia  University. 


Eun)peHii  oyster-culture,  esi)ecially  as  practiced  in  France  and  Holland,  is  gen- 
erally regj'rded  as  the  most  refined  development  of  this  ancient  art;  and  from  our 
knowledgeof  this — if  we  admit  that  those  cultural  methods  are  the  most  i>erfeet  which 
produce  the  greatest  number  of  oysters  in  a  given  area — we  can  reasonably  conclude 
that  some  of  the  devices  at  least  of  the  European  culturist  will  ultimately  come  to 
be  adopted  in  our  own  system.  In  view,  accordingly,  of  the  prospective  value  of 
foreign  methods  in  the  development  of  American  oyster-culture,  the  United  States 
Commission  of  Fish  and  Fisheries  has  already  published  (in  its  bulletins^  for  1890 
and  1801)  reports  \\\^n\  the  practical  workings  of  the  best  forms  of  European  oyster 
parks.  From  the  character  of  the  methods  there  in  use,  we  can,  I  believe,  conclude 
positively  tint  similar  establishments  could  be  operated  successfully  at  suitable 
points — e.  g.,  in  Chesiipeake  Bay  or  Long  Island  waters,  as  soon,  that  is,  as  the 
deman<l  for  oysters  will  warrant  the  use  of  what  will  prove  at  first  a  moi-e  expensive 
system. 

While  these  Euroi>ean  methods  are  applicable  on  our  Atlantic  coast,  it  still 
remains  to  be  determined  whether  they  include  the  l)est  that  could  lx.»  employed 
along  the  Pacific,  should  artificial  oyster-culture  l>e  here  attempted.  For  in  these 
watei*s  different  conditions  have  prinluced  oysters  which  differ  widely  from  those  of 
the  Xorth  Atlantic.  The  Pacific  culturist  mav  therefore  feel  a  more  livelv  interest 
in  the  oysters  of  Japan,  for  not  merely  are  they  closer  akin  to  his  own,  in  structure 
and  in  habitat,  and  therefore  more  readily  acclimatable,  but  they  are  larger,  better 
shaped,  and  certainly  of  greater  value,  commercially  siJ4*aking,  than  the  local  product, 
Ostrea  caUfoniira.  Moreover,  the  Jai)anese  oysters  have  long  been  cultivated,  and 
with  great  success.  Indeed,  by  some  ex|>erts  the  Japanese  methods  have  l>een 
commende<l  as  the  simplest  and  most  practicable  of  all  forms  of  "artificial"  oyster 
culture,  an<l  thus  of  j)Ossible  interest  in  somewhat  broader  lines. 

Unfortunately  there  is  no  litemture  accessible  dealing  in  detail  with  the  culture 
or  living  conditions  of  this  western  Pacific  oyster,  and  it  is  w  ith  the  aim  of  filling 
this  gap  that  the  present  report  was  prepared.  Its  material  was  collected  by  the 
writer  during  a  stay  in  Japan  in  rJOO-1901.  He  there  acted  under  special  instructions 
from  Commissioner  George  M.  Bowers,  and  in  aid  of  his  inquiries  was  designate<l  as 
a  biologist  of  the  United  States  Commission  of  Fish  and  Fisheries. 


«  R«.»port  on  the  Prej^ent  Methods  of  Oyster-culture  in  France.     Bulletin  U.  S.  Commission  of  Fish  and  Fiaherie«, 
taeu,  ijages  3«:i-:^,  plat«-s  Lxvui-Lxxvfu. 

Report  on  the  Eunjpeau  Meth<Kls  of  Oyster-culture.    Op.  cit.  for  1«W1.  i>age8  357-4<Jt>,  plates  LXXV-LXXXVIII. 
(Italy,  Spain,  Portugal,  Germany,  Holland,  Belgium,  and  England.  > 
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For  the  rest,  Japanese  oyster-culture  proved  to  be  wortliy  of  careful  study,  not 
only  for  its  merits,  but  because  of  the  suggestions  it  affords  for  cultural  experiments. 
One  may  frankly  doubt  whether  it  can  at  once  be  employed  profitably — for  example, 
at  many  points  on  the  Oregon  coast — in  view  of  the  expense  for  labor  which  it 
entails,  but  I  believe  that  there  is  a  reasonable  chance  that  it  could  be  made  profitable 
if  employed  in  a  favorable  locality.  In  any  event,  so  far  as  the  Pacific  coast  is 
concerned,  the  Japanese  methods  are  the  most  practicable,  and  cxi)erinients  with 
them  could  be  made  readily  and  at  little  expense,  and  would  soon  demonstnite 
whether  artificial  oyster-culture  can  here  be  employed  commercially. 

The  Japanese  industry  is  largely  seated  along  the  north  shore  of  the  Inland  Sea 
near  Hiroshima,  in  the  gulf-like  Sea  of  Aki,  famous  for  it«  oysters.  From  what 
period,  indeed,  this  oyster-culture  has  been  wirried  on  is  not  known  accurately,  but 
from  its  present  condition  it  is  evidently  the  pro<iuct  of  centuries.  As  early  as  1708 
records  show  that  conc^essions  at  Osaka  were  granted  to  an  oyster  company  or  to 
oyster  companies  of  Aki  for  storage  of  their  output  pending  the  final  marketing." 

Regarding  the  origin  of  the  oyster-culture  in  this  region  I  may  here  (juote  a 
paragraph  from  a  tract  on  fishery  matters  published  by  Iliroshima-Ken. 

In  ancient  times  certain  shellfish,  Tapes ,  were  gathered  in  great  nniubers  on  the  flat^^  of  Aki; 
and  while  awaiting  their  shipment  to  market  the  fisher  people  cAiue  to  keep  them  in  shallow- water 
inclosnres,  the  fences  of  which  they  formed  of  bamboo  stalks.  The  discovery  was  then  uia<le  that 
the  brushy  fences  became  incmsted  with  young  oysters,  and  thus  it  soon  became  evident  that 
under  certain  conditions  and  at  certain  places  it  would  be  more  profitable  to  plant  luimlxM)  and  to 
cultivate  oysters  than  to  continue  the  Tapes  industry.  This  was  the  first  instance,  it  is  said,  that 
bamboo  collectors,  or  *'  shibi,"  were  employed  in  oyster-cmlture. 

The  first  detailed  report  upon  the  oyster  industry  of  Aki  was  prepare<l  for  the 
Japanese  government  by  Prof.  Kakichi  Mitsukuri,  the  head  of  the  department  of 
zoology  of  the  Imperial  University  of  Tokyo.  It  was  published  in  lSt)4  (Tokyo)  by 
the  department  of  agriculture  and  commerce,  a  royal  octavo  of  al)out  50  pages, 
containing  many  figures  and  several  plates.*  Unfortunately  for  the  foi'eign  reader 
it  has  not  yet  been  translated  into  a  European  language.  My  own  knowledge  of  it 
is  due  to  my  friend  (who  has  also  kindly  drawn  for  me  the  text  figures  here  repro- 
duced), Mr.  Naohide  Yatsu,  Rigakushi,  a  pupil  of  Dr.  Mitsukuri.  I  have  availed 
myself  freely  of  it«  substance,  and  if  there  is  anything  of  value  in  the  present  paper 
it  owes  its  merit  to  my  Japanese  colleague.  lie  has,  moreover,  given  me  generous 
assist>ance  in  connection  with  my  visit  to  Aki,  advising  me  as  to  ways  and  means 
and  providing  me  with  personal  and  official  letters  to  the  local  au^Jiorities. 

In  Hiroshima  I  was  courteously  received  by  his  honor  Governor  Senshi  p]gi,  of 
the  prefecture  of  Aki,  and  to  him  and  to  his  staff  I  am  indebted  for  favors  ext<Mided 
me  in  many  ways.  To  Mr.  Shinobu  Suda,  official  engineer  of  tlie  oyster  properties, 
and  to  Mr.  Masugi  Shiraishi,  a  government  expert  in  oyster  matters,  I  am  under 
especial  obligation  for  information  regarding  details  in  cultural  methods;  and 
finally  to  Mr.  Y.  S.  Murai,  for  many  |)ersonal  courtesies. 


o  A  probable  trace  of  this  early  privilege  is  seen  at  the  i>resent  day,  for  tho  iHM>ple  of  Aki  are  Krantecl  the  best 
places  in  the  river  mouths  of  Osaka. 

t*  All  the  present  text  figures,  except  flg.  27,  are  reproduced  with  unimiM>rtant  chanKi^  from  tlie  Jai)ani>Ho  t  eport. 
Plates  4  and  5  are  from  photographs  taken  by  an  artisi  in  Hiroshima,  and  are  cui>iod  by  Dr.  Mitsukuri;  Plates  3  and 
6areoriginaL 
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THE  JAPANESE  OYSTER— ITS  KINDS  AND  NATIVE  CONDITIONS. 

Three  kinds  of  Japanese  oysters  are  to  be  considered  in  this  connection.  First, 
a  small  one,  probably  a  dwarfed  salt-water  variety  of  Ostrea  cucuUata  Born.,  is 
abundant  along  the  southern  and  eastern  coasts  of  Japan — by  far  the  most  abun- 
dant of  its  kind.  This  is  a  bay  oyster,  wcurring  in  shallow  water  of  specific 
gravity  of  about  l.o^o  to  l.o^G,  where  it  forms  an  almost  barnacle-like  incrustation 
upon  the  tidal  rocks.  It  is  collectiMl  in  great  numbers  for  local  consumption;  fisher 
people  oj)en  them  on  the  sjyot,  not  detaching  the  shell  from  the  rock,  and  market 
them  by  bulk.  In  actual  size  this  oyster  is  rarely  larger  than  one's  finger  nail;  but 
its  flavor  makes  amends  for  its  size.  It  is  pluml>eous  in  color.  The  shell  measures 
rarely  more  than  2  inches  in  length;  it  is  deeply  crenulate,  Gryphaea-like,  at  the 
margin.     In  size  and  flavor  it  suggests  very  closely  the  California  oyster. 

The  second  form,  Ostrea  cucnlhda  (cf.  pi.  0,  fig.  D),  is  the  important  one  from  the 
culturists'  standpoint.  Although  not  large,  it  averages  the  size  of  a  "Blue  Point,"  or 
of  an  English  ''  native.''  The  oyster  itself  is  cream -colored,  it«  shell  delicately  nacre- 
ous, well  shaped,  thin,  deep,  and  with  a  series  of  imbricating,  horn-like  outgrowths, 
which  suggest  the  shell  of  the  Euroj)ean  oyster,  ().  edulis.  This  species  occurs 
abundantly  throughout  the  Inland  Sea,  in  the  snuill  bays  along  the  northeast  coast 
of  the  main  island  an<l  at  certain  points  in  the  Hokkaido  (Yezo).  It  thrives  best 
in  the  bays  well  tampered  by  fresh  water,  of  si)ecilic  gravity  of  1.017  to  1.023.  Its 
young  are  more  abundant  in  the  shallow  and  fresher  water.  The  best  that  are  mar- 
keted grow  at  a  depth  of  a  fathom  or  two  l>elow  low-water  mark;  it  is  practically 
absent  in  water  deeper  than  8  fathoms.  It  is  this  si)ecies  which  will  be  considered 
through  the  remainder  of  the  present  report  in  connection  with  cultural  methods. 

The  thii-d  form,  Ostrea  gigas  Thunb.,  is  of  large  size,  specimens  weighing  with 
shell  4  or  5  pounds  being  not  infi-equent.  It  rarely  occurs  in  water  less  than  2 
fathoms  deep  and  is  most  abundant  in  alK>ut  10  fathoms.  The  si>ecimens  which  I 
examined  wei-e  taken  by  divei-s  in  water  of  about  35  feet.  It  is  a  typical  sea  oyster, 
occurring  in  water  of  specific  gravity  of  about  1.02G.  As  far  as  I  have  l>een  able  to 
ascertain,  its  value  is  purely  local,  no  region  producing  sufficient  numbei's  to  warrant 
a  definite  fishery.  A  large  bank  of  oysters  occui-s  in  the  Hokkaido,  off  the  north- 
east coast,  not  far  from  the  town  of  Akkeshi.  The  oysters  here  are  said  to  be  of 
extraordinary  size,  but  during  my  visit  to  the  Hokkaido  I  was  not  able  to  ascertain 
whether  they  represent  this  third  species  or  whether  they  are  large  examples  of  O. 
cucuUata.     The  latter  species  certainly  occurs  in  the  neighlwrhood. 

The  oyster-producing  region  of  Japan  is  jtar  e.rcellence  the  Inland  Sea,  and  it  is 
here  that  the  culturists  have  carried  on  their  industry  with  greatest  success.  This 
body  of  water  can  indeed  be  looked  upon  as  one  of  the  most  important  natural  pre- 
serves of  fish  and  shellfish  in  the  world.  It  can  be  compared  to  a  deep  marine  lake, 
but  it  is  sufficiently  open  to  the  sea  to  insure  favorable  conditions  of  density  and  of 
renewal  of  its  waters,  while  its  occupants  are  free  from  the  dangers  of  an  open  gulf. 
From  the  oyster-cult urists'  standpoint  the  Inland  Sea  is  remarkable  in  that  its  con- 
nection with  the  ocean  is  establishe<l  both  at  its  en<ls  and  near  its  middle  point. 
Thus  at  the  extreme  east  it  oj>ens  to  the  ocean  through  the  Straits  of  Naruto,  as 
well  as  at  th(»  mouth  of  the  Izuminada.  At  the  west,  240  miles  away,  it  opens  again, 
this  time  to  the  Japan  Sea,  through  the  Straits  of  Shimonoseki,  and  to  the  south 
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again  to  tbt^  I'licitic  through  Biingo  Clianticl.  In  tliiu  tniddlu  region  the  lai^e  isliiud 
Shikokii  approa<!heH  closwly  the  luainlaiKl,  anil  the  Inlantl  Soti  is  hroln-ii  up  by  n 
maze  of  islandK  extending  from  ShodosliiniH  on  the  <-aHt  t.o  Iwal  on  the  went,  a 
stretch  of  130  miles;  and  it  iis  Iktc  that  th<'  iiioNt  favoralili;  conditions  exist  for  tlic 


PlO.  1.— Mftp  of  the  rogion  of  Jupanoso  oyster-culture  on  the  nurth  iJiorii  of  the-  lulaiid  Si 

(Sea  of  Aki).    Oyatcr  parlu  art-  in<UoAt<Hl  lu  lilark  ar<nn.    Partli^ular  r»ri'n'n<'>^  In  lli<'  pn-wtit  r-'l'-rl  li> 
Kaida  Bay.  Kusatsu.  and  Nihojlma.    Tbi.'  diiitan<x>  from  Kalda  to  tho  Inland  ItKiikiwIiiiiiii  i^  13  iiiil<.i<. 

growth  of  shelllisli.  Everywhere  are  bays  anil  liarbors,  and  tho  density  of  tlie 
shallow  wat«r  is  favorably  teiuiK^ivd  by  the  iiieoining  stn-anis  of  Aki,  l!iiigo,  ItiK'hu 
and  Bizeu  on  tlie  north  and  lyo  and  Hauuki  on  tlie  Houth.  Add  to  these  advant^tgeH 
that  there  is  a  favorable  tide  fall  of  from  10  to  L5  feet  and  an  abnndauuo  of  sandy 
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and  gravelly  bottom,  thus  cnabliug  the  ciiltiirist  t«  operate  his  8iibmei^re<l  farms 
couveiiiently.  Throughout  this  entire  region  oyster-cult  lire  in  carried  on  more  or 
less  generally,  but  the  most  important  seats  of  the  industry  aif  at  Okayama  in  the 
east  and  near  Hiroshima  (prefecture  of  Aki)  in  the  west.  In  the  former  locality  a 
small  nearly- in  Hosed  bay,  which  suggests  that  of  Arcaclioii  in  France,  proves  very 
pnKluctive  and  supplies  no  little  part  of  the  market  of  Kol)e  and  Osaka.  Here 
also  are  canning  factories.  Near  Hiroshima,  however,  the  industrj-  is  conducted  on 
a  stmiewhat  larger  scale,  although  on  the  same  genei'al  lines. 

It  is  in  the  latter  n'gion,  iis  ah-eady  noU-d,  that  Professor  Mitsukuri  secured  the 
material  for  his  n-port  itynm  Japanese  oy.ster-cullure. 


OYSTER-CULTURAL  METHODS  IN  THE  NEIGHBORHOOD  OF  HIROSHIMA. 

In  addition  to  its  natural  advanUij^es  ihe  region  of  Aki  is  esi)ecially  favorable 
for  oyster-culture,  since  close  by  is  Hinishinia.  a  city  of  nearly  lOd,^^',  to  furnish  a 
ready  market  for  its  i>ro<luet  and  to  provide  the  necessary  capital  and  lal>or  for  the 
growth  of  Ihe  industry.  Tlic  culture  is  oarnc<l  on  in  a  gidf-likc  area,  known  as  the 
Sea  of  Aki,  a  <lozcn  miles  in  wiillh,  whose  mouth  is  protected  from  southern  storms 
by  the  islands  of  Itsukusliinm  (Miyajima),  Nomijima,  and  Etajima  (fig.  1).  The 
most  favorable  points  for  the  cultural  work  are  along  the  northern  c<iast  on  either 
side  of  the  Otagawa,  which  flows  thn>ugh  Ihc  city  ami  tempers  the  .salinity  of  the 
neighlKiring  water.  On  the  east  of  Hiroshima  are  the  establishments  of  Nihojima, 
and  somewhat  further  up  the  bay,  Kaida;  to  the  west,  the  grounds  of  and  near 
Kusstsu.     The  entire  est^-nt  of  these  most  favorable  points  is  about  10  miles.     This 
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cultural  area,  it  may  be  not«<1,  corro»pond»  closely  to  that  of  Tarente  in  the  Houth 
of  Italy,  of  Arcachoii  in  France,  and  of  the  best  part  of  Tiong  Island  Sound. 

It  is  an  interesting  fact  that  the  culturiBts  in  Aki  have  at  certain  points  developed 
independently  branches  of  the  indiiatrj' which  are  strikingly  similar  to  thOHC  employed, 
for  example,  in  France.  We  thus  find  iliat  n  clear  <listinctinn  is  inatle  Iwtween  Ihe 
regions  in  which  young  oysters — "  spat " — can  Ik"  obtained  and  those  having  the  l)est 


Fio.  a.— Hand  pink  owd  for 
maklnK  ra-ieU  in  gi»Telly 
bottom     fur    Inwrtlnii    "f 


.conditions  for  diffeivnt  stages  of  gi-owih;  also  regions  in  which  llie  final  Uiuches  are 
given  in  pn>paring  the  oyster  for  nuirket.  It  is  eonveiiieiit,  tlierefon',  lo  dewrilje 
the  Japanese  cultural  methods  from  the  standjH^int  of  loeality.  Thus  nt  Niliojima. 
where  the  waller  is  fn'sheiied  by  the  entrance  of  the  OtjiKawa,  the  "pnMhiction"  of 
young  oysters  is  an  especial  feature  of  the  iiidustiy.  At  Kaida  Itay  then-  is  a  region 
favorable  for  a  combination  of  production  and  growth  (elevage),  and  at  Kusa1su,and 
further  along  in  the  direction  of  Miyajtnia,  ai-r'  Ihe  Ix'st  conditions  for  elevage. 
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In  the  description  of  the  methods  employed  in  these  three  localities,  it  will  be  best 
to  consider  them  in  the  order  from  the  simple8t  and  the  most  complex,  (1)  Kaida, 
(3)  Kusatsn,  (3)  Xihejima, 
for  at  Kaida  Baj'  all  stages 
of  the  induslry  are  repre- 
sented in  the  same  oyster 
park;  at  Kusatsu  tlie 
methods  l>ecome  more 
complicated,  and  finally, 
in  the  region  of  Xihojima, 
specialization  in  the  cul- 
tural devices  has  reached 
a  point  surpa.'tsed  in  hut 
few  European  localities. 

CULTURAL      METHODS     OF 
KAIDA   BAY. 

In  this  well-protecteti 
region  (cf.  the  accompa- 
nying map  of  the  sea  cf 
Aki,  fig.  1)  there  is  a  large 
area  of  shallow  water,  and 
at  h>w  tide  great  flats  are 
exposed.  Here  ithasl>een 
ascertained  that  the  con- 
ditions of  water  density 
are  favorable  rather  for 
the  growth  of  young  oys- 
ters than  for  the  prmliic- 
tion  of  "spat,"  but  at  cer- 
tain i>oints  production  is 
carrie<l  on  with  niarke<l 
success.  Thegreatest  dis- 
a<lvantage  of  the  region  is 
the  lack  of  space  in  which 
the  oysters  can  l>e  kept 
covere<l  by  water  during 
all  times  'of  the  month. 
Probably  it  is  for  this  i-ea- 
son  that  the  gmwthof  the  fio.  b.-a 
oysterc-onies1ol)eehecked,  /[^^^ 
since  it  is  well  known  that  "".n  in 
they  rarely  increase  in  size  v^'^u-aT 
after  the  end  of  the  second 
year.  At  this  age,  then,  they  are  marketed,  their  small  size  distinguishing  them 
fnim  the  oyst^ers  of  Aki  cultivated  in  other  localities.  The  hay  of  Kaida  is,  however, 
so  fertile  in  its  class  of  production  that  it  takes  a  high  place  among  Japanese  oyst«r- 


.  :.— Shibi  of  different  rows,  new  and  old.  in 
madary  hi^^,  tUiDwins  how  they  are  tm- 

anted  to  (fire  matual  support. 
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grounds  and  its  concessions  are  keenly  sought.  At  low  tide  it  bristles  with  closely 
set  oyster  farms  and  from  a  distance  reminds  one,  save  in  color,  of  a  region  of 
European  vineyards.  Each  farm  is  a  simple  inclosure  formed  by  '*  shibi "  or  bamboo 
stalks,  with  or  without  interlacing  branches.  (Cf.  figs.  4  to  0.)  Bamboo  in  this,  as 
in  many  other  arts  and  trades  of  the  Japanese,  possesses  many  advantages.  It  is 
durable  even  in  sait  water  (good  material  lasting  three  years  or  thereal)outs) ;  it  is 
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Pio.  8.— Typl*^!  oyBter  farm,  Kaida  Bay.  Fio.  9.— Diagram  of  woll-<lev*'loi)ed  oyster  farm. 

The  blu4;k  lineH  In  flgH.  8  and  9  represent  newly  arranK«*<l  bamlxxi  <*oll»»<!torH,  tlu?  dc»tt<Hl  lin«»H 
the  oollector«  of  the  Hcnumd  year.    Direction  of  current  in  indicated  }>y  arrows. 

light  and  strong,  gives  an  interlacing  series  of  branches  and  heaves  wliich  in  texture 
serve  admirably  for  the  attachment  of  spat,  and  which  give,  moreover,  a  gn»at  <»xt^nt 
of  attachable  surface.  In  addition  the  bamboo  stalks  can  1k»  n»a<lily  put  in  phwM*  and 
removed;  they  are  easy  to  obtain  in  any  locality,  and  their  cheapness  is  not  one  of 
their  smallest  virtues. 

In  the  present  farms  shibi  are  plant^nl  in  position  every  springata  time  which  the 


1/ 


M^^^^B^^ZSui^BBB^^bii  1^ 'rSHE^^H 

1 

1- 

- 

1 

»vi'i'     Vp-?  *  ■■'■i*'*^v^''^»i'       ■ 

1  s 

L^K^Si^^i^Bwi^i^H^BI^HII 

M 

fc^^^KHE^SS^^^^^^P^I^B^u^^^H 

i'f 

Be  '  ^y^^JBKiOBB'iWr^^^ntfvliilS    4  ^^^^^T"  ^  /r  ^B^^H 

l5s 

B^  *      THSaBpyy " ^' y  ^ft  H^  ,iX^  p1  .i''^j|^^H 

Is! 

^9^  '         ''  'f   ~- '      '*^^' '  '  •'    •'7'^_f  ^^B^^^^^^^^Hm^I 

H  i 

^k  "     c*>ift    ^                                   V'' ^ihI^^^I^^^^^^B^  ^^H 

II 

^k'    '^             c^          a   #                               P  ( '  IIHI^li^H^  ^^H 

IH 

T^.       "-'^'vj*         '^  '^^'i^'^ll^B^^^llH 

i! 

pS*  ■,  'i^t**  .^. ;  .riliPiP^IB 

i- 
1^ 

^'^j  *,    '^^sM^S^^^  ImB 

1 

Kr^ft^ 

.  .■  .IfiKS 

^■*'.''';JME*-  '' 

i  1 

I^CiIBBI'  ft 

W>^.J!'-'  '<$ 

I    "^^sK^ 

y 

r^^i 

'j^'.  jSWB-j' 

ri 

r'  % 

im^-:M 

^ty0K' '  .■; 

1 

I^JTy:     w||CTraW^B!j»^ttyW^-^^J|^MM^^H 

1 

s. 

I 

wjr    J'  .al^^QgRV^^^BSHRwl^iFa^flBar^'T9SS99^09^^H 

KjMW^^jf^aaMBBBB'Bw.  i^^  ^Jv"             hHSUb^SsBkB^ 

JAPANESE    OYSTER-CULTURE. 


25 


culturists  have  dotermiiKMl  ])v  exporieiice  to  l)e  most  favorable  for  the  set  of  spat, 
usually  almut  the  niichlle  of  April.  Their  arrangcMuent  and  mcMle  of  replacement 
Hr<*  as  follows:  Shibi  are  brought  to  the  oyster-grouuds  in  skiffs  and  deposited  on  the 
flats  as  they  beeomf^expose<l  by  the  receding  tide.  The  eulturist  will  have  had  the 
boundaries  of  his  concession  staked  out,  and  he  has  but  to  construct  his  fen(*es  of 
shibi  as  4ui<»kly  as  possible  to  take  advantag«*  of  the  hours  of  low  tide.  As  a  time- 
wiving  device,  h<»  has  already  ha<i  the  ends  of  tin*  shibi  shar|)ene<l  so  that  they  can 
be  thrust  deeply  (on<*-quarter  or  one-fifth  tlu*ir  entire  length)  into  the  soft  Ixtttoni. 
Should  thelM»ttoin  prove  hard,  howov^M*,  holes  an*  fii-st  mad(*  for  the  shibi  by  nutans 
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arrau^rintr  th**  )iuinl><M»  colltM-tor-.    Ku'^it^n. 

of  an  iron-shod  pick,  shown  in  tig.  .*{.     This  thr  workman  sometimes  pre.s.^<'S  <lown 
with  his  foot,  honcr  the  lateral  support    near  the  head  of  the  implement. 

Aeeording  to  the  usual  type  of  oy>ter  farms  in  Kaida,  th(*  nuiin  boundaries  are 
planted  nearly  parallel  to  the  tide  marks.  Similar  rows  of  shibi  are  next  thrown 
out  in  tlKMlirection  of  the  middle  lin<'ot'  the  park.  (  Figs,  s,  '.•.)  They  do  not.  how<'ver, 
meet,  but  leave*  an  oi)en  median  space  passing  through  lik(»  an  aisl<».  Thus  on  eith<»r 
side  of  the  main  aisle  of  the  ovstei'  ]>aik  there  are  rows  of  transverse*  allevwavs,  (»ach 
alK)ut  ♦>  fe(*t  wid(*,  which  te^rminateoften  blindly  at  th<*  main  fenceof  the  j>ark.  Details 
in  arrangement  are  given  in  figs.  4,  '>,  <».  and  7,  fig.  <*•  showing  a  horizontal  projectiem 
of  the  shibi  of  fig.  5.     I'he  fences  and  partitions  of  shibi  stan<l  about  waist  high. 
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Fio.  11.— Diagram  of  a  small  oyster  farm  of  labyrinthine 

pattern.    Ondo. 


Such  an  inclosiire  in  Kaida  Bay  is  practically  the  whole  stock  in  trade  of  the 
culturist,  for  in  it  spat  is  taken  and  the  oysters  ^ow  attached  to  the  bamboo  until 
the  time  when  they  are  sent  to  market.  From  the  permanent  character  of  the  park, 
therefore,  the  culturist  has  been  led  to  ingenious  arrangements  by  which  the  shape 
of  the  park  can  he  retained  and  the  oysters  grown,  j^oung  and  old,  side  by  side.  To 
accomplish  this  each  fence  is  usually  formed  of  a  double  I'ow  of  shibi,  as  indicate<l  in 

figs.  8,  9,  of  which  one  row  is  of  the  second 
year  and  the  other  a  new  one.  The  latter 
is  often  added  as  the  older  row  is  removed. 
The  fences  in  this  locality  are  made  of 
the  more  delicate  species  of  Immboo, 
**hachiku."  The  stalks  are  trimrae<l  in 
lengths  of  about  5  feet  and  are  inserted  a 
foot  deep  in  the  bottom.  The  distance 
between  the  double  rows  of  shibi  is  inten- 
tionally narrow,  so  that  their  opposing 
l>ranches  can  interlace.     (Fig.  7.) 

The  foregoing  description  refers  to 
the  commoner  type  of  park  in  Kaida. 
Occasionally  some  are  seen  of  a  more 
complicated  pattern,  as  in  fig.  9,  and, 
rarely,  some  in  which  the  double  rows  of  shibi  are  placed  parallel  instead  of  trans- 
verse to  the  main  axis  of  the  park,  as  in  fig.  10.  An  excellent  example  of  this  type 
is  pictured  in  plate  3,  from  a  photograph  which  was  taken  at  the  end  of  a  season,  the 
shibi  showing  well-grown  oysters  (from  park  at  Tanna).  Rarer  still  is  a  form  in 
which  a  labyrinth-like  arraugement  of  the  hedges  of  shibi  prevails  (fig.  11),  or  even 
a  concentric  pattern  (fig.  12).  In  all  these  forms,  however,  the  arrangement  is  such 
that  many  eddies  will  be  formed  about  and  within  the  rows  of  the  shibi,  since  these 
eddies  have  been  found  con- 
ducive to  the  attachment  of 
the  young  oyster. 

In  the  foregoing  types  of 
parks  the  visitor  notes  that 
the  height  and  strength  of 
the  shibi,  their  simple  or 
branching  character,  to- 
gether with  the  closeness  in 
their  arrangement,  vary 
somewhat  widely  in  different 
localities.  Occasionally  an 
arrangement  which  alternates  old  and  new  shibi  in  the  same  row  is  foun<l  U)  he 
adopte<l  mlvantageously. 

At  the  close  of  the  cultural  process,  that  is,  at.  the  end  of  the  second  year,  it 
remains  only  to  remove  the  marketable  oysters  from  the  shibi.  This  is  done  during 
the  favorable  tides,  the  culturist  using  a  pick-like  instrument  (fig.  13)  with  one  hand 
and  seizing  the  shibi  with  the  other.  For  the  protection  of  this  hand  a  curious 
heavy  but  open  mitten  is  used,  figured  in  fig.   17.     After  the  oystera  are  detached 


Fiu.  12.-  Diagrram  of  an  oyster  farm  in  which  the  t^lle(*t<>rs  are  arraniced 
in  c'irt^ular  and  concentric  order.  Middle  clear  Hjiat't^  umhI  aM  a  living 
ground.     Itxukushima. 
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they  are  tAken  from  the  ground  by  means  of  the  rake  shown  in  fig.  15,  placed  in 
baakftw,  fig.  18,  and  carried  thence  in  the  usual  oyster  boat  often  to  the  mouth  of 
Bome  adjacent  river,  where  the^vare  thrown  outand  rakedover.  Bythe  latter  pro- 
cess, "drinking"  the  oj-sters  in  fresher  water,  they  increase  in  size  and  become 
cleaner,  a  process,  by  the  way,  quite  similar  to  thBtempl«ye<lin  France,  in  England, 
and  often  in  America. 


ciBine  wi'll-gTi>wn  oyBli-rs  rmm  tl 


At  Kanawa,  an  important  cultural  ground,  a  similar  method  to  that  of  Kaida 
Bay  is  employed.  The  cultural  area  is  not  large  but  it  is  ver^-  productive,  and  here 
they  have  found  it  profitable  to  plant  shibi  in  close  rows  at  right  angles  to  the  coast 
line,  as  shown  in  fig.  I'.l. 

OYSTER-CULTURAL  METHODS  OF  KUSATSU. 
The  oyster-grounds  of  Kusat^u  are  the  best  of  those  situated  west  of  Hiroshima, 
but  all  of  these,  and  of  this  entire  region,  are  essentially  the  same,  as  far  as  cultural 


H. -Oyster  nke. 

(B/u^-jmim,  oiwd 

l.-.-Ujst«r«k^, 

«,A.m-i«m/.  aaed 

oysters,  I.  e..  Miirinit  tbem  si 
k3t»  Hhell  nurgln 

Pin.  m.-Oyatcr  rake,  n-iltua-i,  D»pd  t-i  rullw-t  niArketilile  oyBleni  frum  the  liring  (p-cinnrl, 

methodsareconcerned.  They  extend  along  the  western  coast  7  or  more  miles  from 
Hiroshima, at  points  indicated  on  the  map  (fig.  1).  In  these  localities  oysters  are 
cultivated  at  greater  depths  than  in  other  waters  of  Aki,  for  it  has  here  been  found 
that  under  the  deeper  conditions  the  shellfish  continue  to  increase  in  size  after  the 
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seeimcj  year,  unlike  those  at  Knida.  Thcivforc,  at  Kusiitsii,  to  the  en<l  i>f  growing 
a  lanier  oyster,  tho  cniltiirist  divides  his  ]>8rkH  iiit.o  three  t-lasst's:  thofw.'  of  rthiiUow 
wat^T  (largely  for  spat  <;ollci'ting),  early  rearing,  and  deep  wat«'r  (for  lale  rearing). 
The  cult  mill  <'Oiic*es.sioiisa<'<'onlingly  have  enme 
to  Ik'  arranged  with  their  long  axes  a1  right 
angles  to  the  shore,  thus  pi'oviiling  a  range  of 
wat<'r  iMissing  from  shallow  water  to  deep,  each 


th,-ny«t, 


winter  l.Oiid.  The  density  of  the  wat^r  risen 
gradnallyaiKl  attains  alxtnt  ]M-25  in  thedee[>etil 
zone.  Aoeoi-dingly,  the  shallowest  region  in 
eaeh  park  usnally  Iweonies  laid  ont  in  a  zone  of 
eollectoi-s,  or  shil>i-))a,  and  i-esemhlesHoinewliat 
Kaida  Hay.  In  the  next  ami  deeiH-r  ground 
are  the  rearninged  andoyst^-r-ltearingshilii  (of 
the  shallower  zinie),  loya-lta.  and  in  lhedee|K'st 
water  are  the  typical  oyster  In-ds,  or  iiiiire-ltu. 
Of  <-oni-se  sueh  an  arrangement  is  sonielinies 
motlilied,  sinee  priwtiee  demonstrate^  that  the 
liM-al  eonditions  of  an  oyster  jiark,  i.  </.,  water 
<-urn'nls,  ai-e  apt  to  warrant  widely  difTerent 
tn'alnient. 
('()  In  the  shallow  wme  an  arrangement  of  shibi  in  lines  imrallel  to  the  shore 

is  theeommon  one.      Uelweeu  the  rows  are  intervah*  of  about  4  feel,  the  park  in 

UiiHeaseivs.Mnblingone  of  I  he  eonnnon  tyi«-  of  Kusal.-fu  (lig.  8).     UfU'n,  however, 

the  shibi  are  shorn  of  their  branches  and 

plaulod  like  eanes  (;i  U>  r,  feet  in  length) 

in  elose-sel  rows.     Sueh,  for  exatiil»le,  are 

the  shibi  jihotographi'd  in  plat<' 'i,  .1,  /.', 

and  O.     The  first  (if  these,  .1,  has  had  the 

oysters  attached  to  it  for  alwut  a  month; 

the  se«t»nd,  fi,  for  about  ti  months,  anil  the 

thinl,   (■',  for  al>ou1<   If*  months.     It   is  at 

the  last  iieriod  that  the  masses  of  oyslei-s 

etime  to  sepaitvte  somewhat  tvadily  from 

theltivnilKK).     In  these  parks  the  arrange- 
ment and    treatment  of  the  shibi  varies 

greatly   in  aeeonlanee   with    loeal  eondi- 
tions. In  rapid  enrrents,  whi<-hdis1in^nish 

the  njgion  of  Kusatsn,  short  ami  branehle 

of  the  strong  and  short-jointe<ls|)eeieM  of  baniluxi,  "madaki 

is  f ro<iuontly  in  clumps,  or  t-<iya,  iis  imltcated  in  ligs.  '20  to 


4  shihi 


I,  Ihese.  loo,  miwin 
riieir  arrangement 
( )f  these  the  1«j-a 


11.  U.S.  F.C.  1901.     ITgfK.pig. 
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of  figs.  iiOftiiil  n^l  an-  si>e<-iHlize<l  Tor  shallow  water,  tiiid  tliiit  of  li}r.  2:!  to  h  mpid 
curn-in.  Ill  Kiicli  cliiiiips  bmnehiiig  shilii  fn-tiut-iitly  (H-ciir,  nii<l  in  tfaiH  event  the 
tips  of  till'  Ktalks  are  more  apt  to  diverge  Ibaii  in  Kaida  fcontnist  fifis-  --t  and  ^i). 


Flu.  JU.    Iii:i;:mm  uCoysiur  tnzm  in  wbK'h  slubiari.'  jiUnicil  iu  ruws  ixkniUi'l  uud  ji  riglii  ttiwlw  !••  Kbure  lin.'. 

Hiiotlii-i-  ailaptation  li>  more  mpid  cnn-eiil.  In  (jreiifral  tlie  lutses  of  tlie  coinpuncnl 
tttiibi  aif  iiii[ilaiiti-d  alxml  a  fnol.  Tliiis  iiiade  llie  1<>ya  nMiiaiii  in  position  for  about 
two  years. 


((')  In  the  ue.xt  de<.'|M'r  zone,  tyjiieal  liiya-lia.  tlie  jrniniiiiifr  of  shilii  ln'c<inieR 
more  nia.ssire,  and  when  at  low  iid<'  this  ivyiim  is  o.\posed  (lit  In  l-"i  feel  is  ilie  tide 
tall)  one  sees  tlieiii  in  lon;i;  rows  wliii-h  sii}r;rest  diiiiiiiiitive  liaycoi-ks.  An  e.\(i'lleiit 
idea  of  sueli  toya-iw  is  had  in  [ilaie  5.     C'loiier  inspeettun  shows  thai  oaeli  toya  isi 
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in  nearly  every  e«8e  a  complex  of  shibi  of  many  ages.  Transplanted  shibi,  with 
oysteiTS  of  one  or  two  years'  growth,  usually  form  the  nucleus  of  the  cluster,  and 
around  them  ai*e  planted  concentric  rows,  one,  two,  or  thi'ee,  of  branched  shibi,  old 
and  new,  to  the  end  that  all  ultimately  bind  or  mat  themselves  into  a  living,  springy, 
1  cone-shaped  mass,  well  su  ited  to  resist  currents  or  storms.     ( Fig.  25  and  PI.  5. )     Such 
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•  •  ••  ••  ••  •• 

«•  ••  ••  ••  ••  •• 

•••  •••  •••  •••  •••  ••• 

••  ••  ••  ••  ••  •• 

Fio.  21, — Arrangoment  similar  to  flf<.  811,  bat  in  oltliiiue  ordf^r.  adapt^Ml  to  a  Homowhat  iiioro  rapid  <*urr«*nt. 

toya  are  matle,  or  remade,  lowaiil  the  end  of  each  spawning  season,  /.  «'.,  during 
the  end  of  August  or  early  part  of  September.  Tliey  are  then  pulled  to  pieces  (in 
this  work  the  rake  shown  in  fig.  14  is  used),  and  from  each  bamboo  there  are  shaken 
and  broken  off  the  oj^sters  which  are  least  securely  attached.  During  this  process 
the  shibi  found  to  be  still  useful  are  put  aside  to  form  the  nucleus  of  new  toya; 

•  •      ••       •»      ••       ••       •• 

•••     •••     •••     •••     •••     ••% 

•  •      ••       ••      ••       ••       •• 


>     •  0       0  ••  ••  ••  •• 

•   •  •••  •••  •••  •••  0      •     • 

»•  ••  0    0  0     0  ••  •• 


••  ••  ••  ••  ••  •• 

•  ••  •••         •••  •••  •••  ••• 

•  •  ••  ••  ••  ••  •• 

Fin.  22.— Arrangement  similar  to  flg.  20,  but  adapted  to  rapid  current,  ruwH  of  coUoctom  8i*i)aratod 

by  intervals  of  K  or  10  feet. 

the  gleanings,  twigs,  detached  oysters,  and  all,  are  now  raked  up  and  carried  to  a 
third  locality,  the  living  grounds  (ike-ba).  Here  in  swifter  current  the  debris  washes 
away  and  the  oysters  remain,  the  shells  usually  becoming  clean  in  the  meanwhile. 

(c)  The  living  ground,  or  ike-ba,  of  which  a  good  example  is  pictured  in  plate  4, 
is  generally  located  in  a  zone  of  deeper  water.     It  has  a  clean,  gravelly  bottom, 
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which  ill  motif  vases  Iteeoines  exposed  only  nt  tlie  lowest  tides.  Here  the  oysters  nre 
broiinht  together  which  liiivo  Iiecome  (let»ehe<l  from  shibi  in  various  parts  of  the 
farm,  ami  thus  they  are  relmiied  in  elassified  l»eils  imtil  they  have  attained  their 
second  year's  growtli.  During  tliis  time  the  eulturist  1ih«  l)ut  to  keep  them  well 
spread  out  and  to  see  tliat  the  beds  ai-e  Itept  clean.  Always  at  lowest  tides,  and 
sometimes  as  oft«n  as  fortnightly,  the  laborers  give  the  oysters  a  vigorous  raking 
(using  for  this  purpose  the  short- toothed  rake  shown  in  fig.  14),  which  scatterH  them 
about  the  bed,  removes  foreign  bodies,  and,  l>est  of  all,  gives  the  shells  a  better 
sliaiM-  and  a  firmer  rim,  for  in  this  treatment  the  delicalo,  cnticular  outgrowths  of 
the  shell  are  removed  and  a  more  symmetrical  growth  result*.  Of  especial  impor- 
tance is  the  pi-ocess  of  raking  in  cases  where  the  oysters  are  sent  directly  from  the 
Uviug  ground  to  market;  for  it  has  been  found  (here  as  elsewhere)  that  those  oystera 
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whose  shell  rims  are  strong  and  accurately  fitttHl  together  fai'e  better  during  trans- 
portation and  in  the  market.  Those  with  delicate  aud  brittle  margins  soon  suffer 
injury  and  lose  their  fluid  through  leakage  and  evaporation. 

In  some  farms,  on  the  other  hand,  it  is  maint^iined  that  oystei-s  of  different 
sizes  should  lie  mixed  on  the  same  living  ground.  l*"or  it  is  claiinetl  that  the 
young  oysters  grow  better  side  by  side  with  the  older  ones,  and  even  that  if  the 
more  iwrfectly  grown  oysters  of  different  grades  can  lie  mixed  together  during  the 
process  of  raking,  the  lietter  will  be  the  general  output. 

(if)  The  final  stage  in  the  culture  of  Kusat-^u  takes  plat^'c  in  maturing  grounds, 
or  miire-ba.  llei-e  the  larger  oysters  of  the  second  year's  gi-owth  an-  laid  down, 
transplanted  from  the  one  or  more  ike-ba  of  each  establishment.  I'sually  tliev  are 
in  the  deepest  water  cultivated,  *'.  e.,  in  water  a  few  feet  in  depth  at  Uiwest  tides 
up  to  water  of  3  or  4  fathoms.     1  was  tuld  that  in  one  luiire-ba  oysters  were  vulti- 
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vaU-it  siKxt-ssl'iilly  ill  wiitit'i-  of  5U  fi-fi-  Ejm-Ii  Canii  in  KiiMitKU  has  itw  M'liarnto 
miiiv-bu,  and  tlnwc"  iKljoiu  mn-  huuIIut.  toniiiiig  a  t^tontiiiuous  ziniw  in  (ieepoi-  waU-r, 
ea<rh  iiiiirt--l>a  ilesigtmtHi  by  a  iiiiinlHT.  In  the  rthallowoHt  ]>oi'tiiins  lli»  oyHtei-N  »■'» 
iiHiially  pniUHit^-tl  H;;;iiiiist,  iliH]>lticeiueut  and  invasion  uf  muil  li.v  ntt-aiisor  low  fi-iicoM 
Hrraii|i;t^<l  with  \vin{;;-likv  <-xiMinsioiiH,  an  8liown  in  };r<iun<I  plan  in  I'm.  l'i>,  and  in  <lt>tail 
iufig.  -7,  This devitw  lias  Iwt'iidcvclopofllarjwly  in  vii>w  of  thu  storms (ifthiityplumii 
ueason.     The  uffout  of  tlic-  uiaturiu;;  gi-omid  i.-*  to  givo  thi.'  oysters  greaUrr  n'v/Ai  aad 


weight,  and  to  givi.'  tlie  iiioi*t  a  whili^r  color.  The  tinislicd  pnxlnci  I'oscinhifs  i-loscly 
a  woll-gi-owni  oyster  nf  Long  Ishind  Sound.  Markrling  Ijikcs  iilacc  nftiTlin-  oyslci-s 
have  reinaiiKHl  fiMiii  six  mouths  Hi  a  year  in  thu  deeper  gi-oiind,  making  ilieir  lotjil 
age  ahoiit  thwv  years. 

Each  oyst«r  farm  lias  iu  separate  tioiises,  situnt<-d  usually  on  llin  luljaeont 
siiore,  and  tlie  details  ia  handling  and  packing  iln.  oysU-rs  appear  to  In-  closely 
similar  lo  those  of  Oontinenhil   Kiinipe — baskets.  Mocks,  rakes,  arrangement,  and 
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storage.  I  may  note  in  passing  the  curious  **knife,"a  combination  of  kuife,  mallet, 
and  lever,  with  which  oystei's  are  opened  with  surprising  rapidity.  The  modus 
operandi  is  shown  in  fig.  2,  (mge  :J1. 

OYSTER-CULTURE  AT  NIHOJIMA. 

In  this  locality  (cf.  fig.  1),  finally,  oyster-culture  has  Ix^en  developed  on  more 
special  lines  than  any  whei*e  else  in  the  East.  As  at  Kusatsu,  the  industr>'  embraces 
three  distinct  branches — (a)  spat  collecting;  (b)  rearing  the  young,  and  (c)  maturing 
and  fattening  theoystei-s  for  market.  But,  unlike  at  Kusatsu,  these  three  branches 
of  the  industry  are  carrieil  on,  not  on  the  same  shoi-e  i-eaeh,  but  at  points  widely 


Fh;  i'».— Gnuind  plan  «if  h  uiound  toyn  of  r«>lle«-tors.    Shibi  with  wt»n-jfrowu  oyHtcrs  are 
indicaU^l  by  the  bUu'k  ^i^tts  within  the  two  <>in'k>b  of  bruuchin^jr  Hhibi. 

separate.  In  othei-  words  certain  sfH^cial  tracts  are  taken  advantage  of  in  collecting 
spat;  others  are  s|M»cially  arrangi»<l  for  early  rearing;  others,  in  turn,  for  maturing. 
In  these  regards  oyst4»r-cuUure  at  Nihojima  resembles  closely  that  of  the  coast 
of  Brittany  or  of  IIollan<l.  The  details  of  the  management  of  the  farms  are  in 
essentials,  however,  like  thosi*  previously  described. 

(a)  Sptd  coUvrt'nuj, — The  sp*it  is  collecte<l  in  very  shallow  water,  less  than  a 
fathom  deep  at  the  usual  tides,  temiierod  considerably  by  incoming  streams.  The 
specific  gravity  is  sai<l  to  nirely  exce<Ml  1.017.  In  such  a  i-egion  shibi  are  put  in 
position,  usually  in  very  clos<»  order,  at  the  l>**ginning  of  each  spawning  season,  say 
from  the  middle  of  April  to  the  middle  of  May.  After  a  period  of  about  three 
months  the  entire  mass  of  shi1)i  will  be  uprooted  and  transplanted,  sometimes  a 
mile  or  more,  to  a  hx'ality  Ix'tter  fitted  for  rearing  llie  young  oystere.  Tliis  trans- 
portation, 1  was  told,  is  the  most  diflicult  part  of  the  work  of  the  culturist  of 
Nihojima,  for  the  minute  oystei's  are,  as  everywhere,  peculiarly  liable  to  injury; 
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carele88  handling  will  destroy  great  numbers  of  the  delicat>e  shells;  hasty  {mcking  of 
the  shibi  on  the  scows,  whereby  the  branches  are  allowed  to  rub  together,  is  another 
palpable  source  of  loss;  drying,  direct  sunlight,  changes  of  teniiHirature,  are  all 
deadly,  and,  above  all,  severe  thunderstorms — the  latter,  according  to  my  informant, 
causing  death  by /ear.  I  suspect,  however,  in  the  last  regard,  ihat  a  fresli,  cold 
shower  bath  is  more  apt  to  be  a  moving  cause,  although  I  was  assured  that,  the  scows 
are  covered  with  the  ever-present  Japanese  oiled  pai>er  to  guard  against  such  a 
contingency. 

{b)  Rearing  the  youmj  oysters, — The  shibi,  covered  w^ith  young  spat,  ai-e  now 
arranged  in  toya-ba,  like  those  of  Kusatsu,  but  closer  in  arrangement,  and  usually 
of  many  varieties.     Here  they  remain  from  one  to  two  and  a  half  years.     In  the 


Fia.  26.— Diagram  of  livinir  ffnmnd  of  two  to  three  yoar  old  oyiitcrH.  Tlit^  HiiotH  rt*iirom>nt  oynt4»rH  and  the  dark 
lineH  art^  rowH  of  shibi  plaetMl  ho  as  to  provide  shelt^srs  against  currentH  or  Htorins.  The  arrow  denotes  direc- 
tion of  strongest  current. 


case  of  the  older  and  n^arranged  toya  a  long,  mound-like  tyiM*  is  <*<)mmoner  t.han 
the  circular  ones  descril>ed  above.  As  a  rule  the  toya  are  covered  with  water  saive 
at  lowest  tides. 

(c)  TxUer  rearing;  Maturing, — The  living  inclosures  in  dei^per  water,  ike-ba, 
correspond  to  those  of  Kusatsu.  They  <M)ntain  the  oystei's  whieli  have  lK*en  sejwir- 
ated  or  are  readily  separated  from  the  brush  of  the  toya.  A  similar  pi-ocess  prevails 
of  raking  the  oystei*s  I'oughly,  and  I  wiis  shown  some  sh<*lls  of  the  ohler  oysters 
from  this  region  which  were  of  very  i*egular  shajK'.  At  favorable  tides,  further- 
more, the  oyster  beds  are  cleaned  and  the  boring  whelks — Purpura  rlarigera  Kaster 
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ami  Jiapaufi  iM'Z'xir  L. — are  reiiKtved.  StiirlUli  are  not  tfoublesoine.  Further  traiiB- 
plaiiliii;^  takeH  plm-e,  UHunlly  at  the  end  of  llie  iseeoud  seiMon,  and  in  kUU  deeper 
water  the  «yst«;r  attaitis  finally  its  marketable  size. 


REGULATION  OF  OYSTER-CULTURE  BY  THE  JAPANESE  GOVERNMENT. 

All  eiiltivalile  grounds,  wlietlier  fur  oystei"s,  other  i^heUfish,  or  8eawee<l,  are — in 
Aki,  at  least — the  proi»erty  of  the  iirefceliiro  and  can  be  neither  sold  nor  sub- 
rented.  All  cultivjible  tracts  are  surveyed,  the  hits  tending  to  decrease  in  size  as 
the  estimated  value  of  llie  property  inereases.  Tlie  mode  of  lajing  out  concessioDB 
can  perhaps  be  best  nudersUMxl  l>y  i-efei-ence  to  plate  7,  copied  from  a  Government 


chart.  The  farms  ari-  rented  auction  fashion  to  the  hii^hest  bidder,  and  the  Ijeiianis 
have  the  privilege  of  n^newing  llieir  lea-^es  indefinitely  at  the  original  reatalu,  a 
privilegi',  however,  which  can  not  l>e  used  speenlatively.  When  at  the  termination 
of  a  least!  the  proiMily  jmsses  again  into  the  hands  of  the  prefecture  it  is  at  once 
advertised  and  rerented.  In  addition  Ut  the  yearly  rental  the  proi>erly  is  subject 
to  a  small  local  ta.'i  upon  the  total  area  of  cacli  farm,  and  to  a  chai^  of  1  per  cent 
of  the  n-ntal  to  cover  the  e.\penses  of  administering  the  oyster-cultural  bureau  of 
the  prefecture.  Tliis  series  of  taxes  impresses  the  stranger  as  formidable,  until  he 
learns  that  it  does  not  repivsent  an  ac<-umulattou  of  taxes,  but  rather  an  itemized 
statement  as  to  the  apportionment  of  public  funds  made  thus  in  accordance  with 
local  euslom.  Henlal  of  concessions  from  the  prefecture,  it  should  further  be  said, 
brings  with  it  certain  privileges  in  marketing  the  oysters  in  Osaka. 
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THE  QUESTION  OF  INTRODUCING  AND   CULTIVATING  THE  JAPANESE  OYSTER 

IN  THE  UNITED  STATES. 

To  what  degree  the  Japanese  oyster  would  flourish  on  our  coast  can  be  deter- 
mined, obviously,  only  by  experiment;  and  if  experiments  are  to  Ik?  made,  the 
following  suggestions  seem  to  me  of  some  practical  value : 

On  the  Pacific  coast,  on  grounds  which  have  been  found  especially  favorable  for 
the  reproduction  and  growth  of  our  Western  species,  O.  califoniira,  consignments 
of  Japanese  oysters  may  be  planted — in  the  north  with  oysters  from  the  Hokkaido 
beds,  preferably  from  the  region  of  Mororan  or  from  Akkeshi  Hay,  and  in  the  south 
from  the  region  of  Hiroshima.  In  this  way  similar  conditions  of  temperature  will 
be  obtained.  To  fulfill  a  second  favorable  condition  an  effort  should  ha  made  to 
secure  oysters  from  water  of  nearly  the  same  specific  gravity  as  in  the  chosen 
American  localities.  There  would  be,  I  fancy,  little  difficulty  in  the  matter  either 
of  securing  oysters  from  equivalent  localities  or  of  transporting  them.  Through  the 
Imperial  Bureau  of  Fisheries,  under  the  able  headship  of  Dr.  K.  Kishinouye,  one 
could  promise,  a  priori,  prompt  and  efficient  aid  in  getting  in  touch  with  the  Japanese 
oyster-culturists  whose  establishments  are  known  to  be  favorably  located.  And 
with  fast  freight  service  from  Yokohama  the  oysters  could  be  transport-ed  with  a 
minimum  of  loss,  as  similar  exportation  {e.  j/.,  of  Ameri<*an  oystera  to  England) 
demonstrates.  In  a  case  of  this  kind,  however,  extra  precautions  would  not  be  out 
of  place.  Large  oj'^sters  should  first  be  selected,  and,  preferably,  treated  with  the 
raking  process  on  ike-ba  for  a  few  weeks.  J5y  this  means  the  shell  margins  will  l>e 
thickened,  and  thus  the  oysters  will  lose  a  minimum  amount  of  fluid  during 
transportation.  Care  should  also  be  taken  to  pack  the  oysters  each  with  the  more 
concAve  valve  downward  and  to  mark  the  cases  so  that  during  shipment  they  shall 
be  kept  in  the  right  position.  Other  details — if  not  indeed  the  above — can  safely 
be  left  to  the  skilful  Japanese  work  people. 

A  further  suggestion  is  that  the  shipments  be  made  during  the  months  of  Feb- 
ruary and  March,  to  the  end  that  the  coldest  season  on  our  coast  would  be  avoided, 
and  thus  the  oysters  would  have  the  chance  of  becoming  in  good  condition  and 
somewhat  acclimated  by  the  following  winter.  Moreover,  at  this  season  of  the  year 
it  has  been  found  that  the  oysters  have  laid  up  the  maximum  supply  of  nutriment 
against  the  breeding  time,  a  supply  which  could  be  used  as  reserve  nutriment  dur- 
ing transportation. 

No  experiment,  however,  could  be  regarded  as  a  fair  one,  I  believe,  which  did 
not  deal  with  an  adequate  number  of  the  imported  oysters.  If  but  a  few  oysters — a 
score  or  two — are  laid  down  in  each  experimental  locality  they  may  be  lost  through 
accidents  which  would  not  befall  a  larger  number.  For  in  oyster  banks  there  is 
certainly  strength  in  numbers,  an  cecological  feature  in  oyster-culture  which 
governmental  regulations  in  France,  Holland,  and  Germany  keenly  recognize.  By 
this  numerical  factor  it  appears  a  true  paradox  that  one  thousand  planted  oystei*s 
have  more  than  ten  times  the  chances  of  survival  than  a  hundred.  As  oysters  ai-e 
cheap,  it  seems  to  me  better  economy  therefore  to  make  the  more  convincing 
experiment. 

To  what  degi'ee  is  it  practicable  to  introduce  the  methods  of  Japanese  oyster- 
culture  into  the  United  States?    This,  I  take  it,  is  a  (juestion  which  can  be  answei-ed 
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THE  HABITS  AND  CULTURE  OF  THE  BLACK  BASS.« 


By  DWIGHT  LYDELL. 


This  paper  sets  forth  the  experiences  of  nine  seasons,  beginning  with  1894, 
during  which  I  have  had  charge  of  the  black-bass  work  of  the  Michigan  Fish  Com- 
mission. The  work  was  begun  at  Cascade,  Mich.,  and  after  four  seasons  was 
transferred  to  Mill  Creek,  where  it  is  now  carried  on.  The  methods  of  pond  culture 
finally  adopted  are  based  on  a  knowledge  of  the  breeding  habits  of  the  fish  under 
natural  conditions.  The  account  has  reference  to  the  small-mouthed  bass,  unless 
the  large-mouthed  is  specified. 

In  studying  the  habits  of  the  bass,  it  is  necessary"  to  distinguish  the  males  from 
the  females;  ordinarily  this  is  not  possible  except  by  dissection,  but  at  spawning 
time  the  female  is  distinguishable,  even  at  a  distance  of  10  or  20  feet,  on  account  of 
her  distension  with  eggs,  and  this  makes  it  passible  to  determine  the  part  taken  by 
each  sex  in  nest-building  and  the  rearing  of  young. 

The  nests  of  the  black  bass  are  built  by  the  male  fish  working  alone.  The 
small-mouthed  bass  prefers  a  bottom  of  mixed  sand  and  gravel,  in  which  the  stone 
ranges  from  about  the  size  of  a  pea  to  that  of  one's  fist.  As  the  si>awning  season 
approaches  the  males  are  seen  moving  about  in  water  of  2  or  3  feet  depth  seeking  a 
suitable  resting-plai*e.  Each  male  tests  the  bottom  in  several  places  by  rooting  into 
it  with  his  snout  and  fanning  away  the  overlying  mud  or  sand  with  his  tail.  If  he 
does  not  find  gravel  after  going  down  3  or  -1  inches,  he  seeks  another  place.  Having 
found  a  suitable  place,  he  cleans  the  sand  and  mud  from  the  gravel  by  sweeping  it 
with  his  tail.  He  then  turns  over  the  stones  with  his  snout  and  continues  sweeping 
until  the  gravel  over  a  circular  spot  some  2  feet  in  diameter  is  clean.  The  sand  is 
swept  toward  the  edge  of  the  nest  and  there  forms  a  few  inches  high,  lea\ing  the 
center  of  the  nest  concave  like  a  saucer.  The  nest  is  usually  located  near  a  log  or 
large  rock  so  oh  to  be  shielded  from  one  side.  If  the  bank  is  sheer  and  the  water 
deep  enough,  the  nest  may  be  built  directly  against  the  bank.  If  possible,  it  is 
place<l  so  that  the  fish  can  reach  deep  water  quickly  at  any  time. 

During  nest-building  no  females  are  in  sight,  but  when  the  nest  is  done — and 
this  takes  from  4  to  4*'^  hours — the  male  goes  out  into  deep  water  and  soon  returns 
with  a  female.  Then  for  a  time — it  may  be  for  several  hours — the  male  exerts 
himself  to  get  the  female  into  the  nest  and  to  bring  her  into  that  state  of  excitement 
in  which  she  will  lay  her  eggs.  If  she  lies  quiet,  he  turns  on  his  side  and  passes 
beneath  her  in  such  a  way  as  to  stroke  her  belly  in  piissing.  If  she  delays  too  long, 
he  urges  her  ahead  by  biting  her  on  the  head  or  near  the  vent.  If  she  attempts  to 
escape,  he  heads  her  off  and  turns  her  back  toward  the  nest.  If,  after  all,  she  will 
not  stay  in  the  nest,  he  drives  her  roughly  away  and  brings  another  female. 


a  Read  at  the  thirty-first  annual  meeting  of  the  American  Fisheries  Society. 
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Some  15  to  30  minutes  before  the  female  is  ready  to  enter  the  nest  and  spawn, 
her  excitement  is  made  evident  by  a  change  of  color.  Ordinarily  she  appears  to  be 
of  a  uniform  dark  olive  or  brown  above,  changing  to  a  light  green  l)elow.  The  only 
markings  readily  seen  are  four  stripes  on  each  cheek;  but  in  ideality  the  sides  of 
the  fish  are  mottled  with  still  darker  spots  on  the  dark-olive  background.  The  spots 
are  arranged  so  as  to  form  irregular,  vertical  bands  like  those  on  the  percli,  but 
these  are  not  usually  visible.  Now,  as  the  excitement  of  the  female  increases  the 
background  becomes  paler  and  finally  changes  to  a  light-gi'een  or  yellowish  hue,  so 
that  the  spots  and  bands  stand  out  in  strong  relief.  The  whole  surface  of  the  fish 
becomes  thus  strongly  mottled.  This  is  a  visible  sign  that  the  female  will  soon 
spawn.     The  male  undergoes  a  similar  but  less  pronounce<l  change  of  color. 

Soon  after  this  the  female  enters  the  nest  and  the  male  continues  to  circle  about 
her,  glide  beneath  her,  and  to  biti*  her  gently  on  the  head  and  sides.  At  times  he 
seizes  her  vent  in  his  mouth  and  shakes  it.  When  this  has  continued  for  a  time 
spawning  takes  place.  The  two  fish  turn  so  as  to  lie  partly  on  their  sides  with  their 
vents  together  and  undergo  a  convulsive  fluttering  movement  lasting  3  to  5  seconds. 
During  this  time  the  eggs  and  milt  are  extruded.  The  circling  movements  are  then 
resumed  to  be  interrupted  after  a  few  seconds  by  spawning.  This  alternate  circling 
and  spawning  continue  for  about  10  minutes.  The  male  then  drives  the  female 
away,  biting  her  and  showing  great  ferocity.     She  does  not  return. 

The  male,  and  the  male  only,  now  continues  to  guard  the  nest,  fanning  sedi- 
ment from  the  eggs  and  repelling  enemies.  At  GG°  F.  the  eggs  hatch  in  5  days  and 
the  young  fish  swarm  up  from  the  bottom  in  12  to  13  days  from  the  time  of  hatching. 

Henshall  in  his  "More  About  the  Black  Bass,"  published  in  181)8,  ciuotes,  with 
approval,  Arnold's  observ^ations  to  the  effect  that  the  nests  are  built  and  then  guarded 
by  the  female.  The  Manual  of  Fish  Culture,  published  in  181)7  by  the  Unite<i 
States  Fish  Commission,  speaks  of  the  nests  as  being  built  by  the  mated  fish,  some- 
times working  together,  sometimes  separately.  These  seem  to  be  the  latest  published 
observations,  and  are  not  at  all  in  accord  with  my  observations  in  Michigan. 

Shortly  after  the  young  small-mouthed  bass  rise  from  the  nest  they  scatter  out 
over  a  space  4  or  5  rods  across — not  in  a  definite  school  with  all  the  fisli  moving 
together,  but  as  a  loose  swarm,  moving  independently  or  in  small  groups.  This 
makes  it  impossible  to  seine  the  young  fry,  as  upon  the  approach  of  the  seine, 
instead  of  keeping  together,  they  at  once  scatter  and  escape  the  seine.  The  fry 
may  be  at  the  surface  or  on  the  bottom  in  weeds  or  clear  water  and  are  attended  by 
the  male  until  they  are  1^  inches  long.  The  swarm  then  gradually  disperses  and 
the  young  fry,  which  were  previously  black,  take  on  the  color  of  the  old  fish. 

The  breeding  habits  of  the  large-mouthed  black  bass  are  similar  to  those  of  the 
small-mouthed,  but  differ  in  some  respects,  which  are  of  importance  in  j)ond  culture. 

1.  The  nests  of  the  large-mouthed  are  not  made  on  gravel,  but  by  preferc»nce  on 
the  roots  of  water  plants.  These  are  cleaned  of  mud  over  a  circular  area,  and  (m 
them  the  eggs  are  laid.  As  the  eggs  of  the  large-mouthed  bass  are  smaller  and 
more  adhesive  than  those  of  the  small-mouthed  they  are  apt,  when  laid  on  gravel,  to 
become  lodged  l>etween  the  stones  and  to  stick  together  in  masses,  and  are  then  likely 
to  be  smothered.     When  laid  on  fibrous  roots  of  water  plants  this  does  not  occur. 

2.  The  young  large-mouthed  bass  remain  together  in  a  compact  school  very 
much  smaller  than  that  of  the  small-mouthed,  and  the  fry  usually  move  all  in  the 
same  direction.     This  makes  it  easy  to  seine  the  large-mouthed  fry  when  wanted. 
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CULTURE   OF  BLACK  BASS. 

Ponds  antJ  stockfish. — After  some  exjjerimenting  all  our  ponds,  lK)th  for  stock  fish 
and  f ly ,  are  built  on  the  mo<lel  of  a  natural  jwnd.  There  is  a  central  deei>er  portion 
or  kettle  about  G  feet  deep,  and  around  the  shore  a  shallow  area  where  the  water  is 
about  2  feet  deep.  The  lK>ttoui  is  the  natural  sand,  and  water  plants  are  allowed  to 
grow  up  in  the  ponds.  All  iK)nds  are  supplied  with  br(X)k  water,  and  silt  from  this' 
furnishes  a  rich  soil  for  the  aquatic  plants.  The  water  of  these  i)onds  contains 
Dciphnia,  Bosmimi,  CoriXy  and  other  small  aciuatic  forms  in  great  numbers.  These 
furnish  fiKxl  for  the  bass  fry.  The  ponds  run  in  size  from  120  feet  by  190  feet  to 
100fcM.-t  by  l(K)feet. 

At  fii*st  w(»  were  unable  to  fwMl  the  stock  fish  on  liver,  but  after  a  time  we  found 
that  by  cutting  the  liver  into  strips  al)out  the  size  and  shai)e  of  a  large  angleworm 
and  by  throwing  the  strips  into  the  water  with  the  motion  that  one  uses  in  skipping 
stones  they  wriggle  like  a  worm  in  sinking  and  are  then  readily  taken,  llie  liver 
must  l>e  fresh.  If  bass  are  ftnl  on  liver  alone  they  do  not  come  out  of  winter 
quarters  in  gcKnl  condition.  Of  eleven  nests  made  by  bass  thus  fe<l  only  three  pro- 
duced fry.  Although  eggs  were  laid  in  all,  they  seemed  to  lack  vitality,  owing  to 
the  poor  condition  of  the  parent  fish,  and  in  eight  of  the  nests  the  eggs  died. 

In  onler  to  bring  the  fish  through  the  winter  in  good  condition  it  is  necessarj'  to 
begin  fet^ding  minnows  in  St*ptemlK*r  and  to  continue  this  until  the  fish  go  into 
winter  quarters.  The  Imss  eat  minnows  until  they  go  into  winter  quarters,  after 
which  tliey  take  no  foo<l  until  spring.  The  minnows  are  left  in  the  ix)nds  over 
winter,  so  that  the  bass,  when  they  come  out  of  winter  quarters,  find  a  plentiful 
supply,  which  lasts  them  until  the  spawning  season.  At  this  time  the  minnows  are 
seine<l  Innn  the  pond,  as  their  pivsence  interferes  with  the  spawning.  Before  this, 
however,  some  of  the  minnows  have  spawne<l,  and  their  fry  later  serve  the  young 
bass  as  Uhh\.  Bass  fed  in  this  way  come  out  of  winter  quartei-s  in  fine  ccmdition 
and  their  eggs  are  found  to  l)e  hardy. 

Ariific'ud  ftrtilization. — During  the  tiret  two  or  threi»  seasons  of  our  work 
numerous  attempts  wei-e  made  at  artificial  fertilization,  but  only  twice  with  success. 
On  one  occasion  the  female  was  seine<l  fmm  the  nest  after  she  had  lx»gun  to  s^mwu. 
She  could  then  l>e  readily  stripjxKl.  Tlie  male  was  cut  o\ye\\  and  the  eggs  were 
fertilized  with  the  crusluMl  testes.  About  75  i)er  cent  of  the  eggs  hatched  on  a  wire 
tray  in  running  water,  the  eggs  l>eing  fann(»d  clean  (»very  day  with  a  feather. 

In  tin*  second  <*ase  the  fish  wei^e  S4»ined  while  spawning,  and  it  was  found  that 
in  the  case  (»f  one  female  pi-essure  on  the  alnlomen  (*ause<l  a  i'c*<ldish  papilla  to 
protrude  from  the  vent.  This  had  the  api)eamnce  of  a  membrane  closing  the  vent. 
It  was  pinche<l  off,  and  the  female  was  then  stripped  readily  and  the  eggs  fertilize<l 
and  hatched. 

Ptfud  ridfure. — Having  abandoninl  artificial  fertilization,  our  attention  was 
turned  to  pond  cultur«\  and  this  we  have  carried  on  for  about  six  years.  Our  earlier 
ponds  not  furnishing  natural  spawning-grounds,  we  construct4»d  alongside  each  of 
the  large  ])on<ls  six  smaller  iH)nds  for  use  as  spawning-ponds,  each  about  10  by  24 
feet,  10  inches  dt^'p,  with  gravel  iMittom,  and  connected  to  the  central  pond  by  a 
4~foot  channel. 

The  fish  entered  these  and  spawne<l.  In  one  case  we  had  eight  nests  in  a  single 
pond  of  this  sort.     Where  so  many  nests  were  made,  usually  but  one  or  two  of  them 
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came  to  any  good,  the  others  being  destroyed  by  the  fighting  of  the  males.  Ordi- 
narily but  one  or  two  nests  were  built  in  each  spawning  pond.  The  male  first  to 
enter  and  begin  the  construction  of  a  nest  generally  reganled  the  whole  pond  as 
his  property  and  held  it  against  those  tliat  tried  to  enter  after  him.  On  one  occasion 
the  male  thus  holding  the  pond  was  attacked  by  10  or  20  other  males  at  one  time 
and  after  a  long  struggle  was  killed  and  his  nest  destixjyed. 

The  attempt  to  use  small  spawning-ponds  was  then  abandoned  and  all  the  ponds 
were  made  of  good  size  and  with  a  central  kettle  and  shallow  shore  area,  as  alremly 
described.  The  problem  now  was  to  prevent  the  fighting  of  the  male  fish  and  the 
consequent  destruction  of  nest  and  eggs.  I  finally  hit  upon  remedies  for  what 
seemed  to  be  the  two  chief  causes  of  this  fighting.  I  had  notice<l  that  in  the  natural 
wat^r  the  nests  of  the  small-mouthed  bass  were  frequently'  built  against  a  stone  or 
log,  so  as  to  l)e  shielded  on  one  side.  When  so  built  the  nests  might  be  quit4^  close 
together,  as  near  as  4  feet,  and  the  fish  did  not  fight,  because  they  did  not  see  one 
another  when  on  the  nest.  On  the  other  hand,  if  a  bass  nest  wjis  built  wheix*  it  was 
not  shielded  the  bass  on  that  nest  would  prevent  any  otlier  bass  from  building 
within  25  or  30  feet  of  him.  It  occurred  to  me  to  try  to  construct  artificial  nest-s  and 
shield  them  so  that  the  fish  on  the  nests  could  not  s(h>  one  another,  phicing  the  nests 
so  near  toget.her  as  to  fully  utilize  the  pond  area. 

In  the  spring,  bi^fore  the  spawning  setvson  oj)ened,  tlie  ponds  were  drawn  down 
so  as  to  expose  tlui  shallow  terrace  along  the  shore.  The  terrace  was  tlien  cleaned  to 
a  depth  of  about  2  inches  of  sediment  and  vegetation  which  luid  accumulated  since 
the  previous  summer.  Rectangular  nest  frames  of  inch  boanl  wei*e  made  2  feet 
square  and  without  bottoms.  On  two  adjacent  sides  these  frames  were  4  inches 
higli,  while  on  the  other  sides  tlu^y  were  10  inches  high.  The}'  were  set  where  there 
would  be  al)out  2  fe(»t  of  watcM*  when  the  pond  was  filled,  and  so  placed  that  the 
corner  formed  by  the  junction  of  the  two  lower  sides  j)ointed  to  the  center  of  the 
pond,  while  the  opi)()site  corner,  formed  by  the  higher  sides,  pointed  toward  shore. 
The  frames  w(»re  set  directly  on  the  bottom,  not  in  excavations,  and  each  was  filled 
with  gravel  containing  sand  suitable  for  nest-building.  A  board  was  laid  diagonallj' 
across  the  two  higher  sides  and  a  heavy  stone  laid  on  this  to  keep  the  frame  in  place. 
The  two  higher  sides  form  a  shield  on  two  sides  of  the  nest,  while  the  board  across 
the  top  affonls  shade.  The  frames  were  set  in  two  rows  al>out  the  iK)nd,  parallel 
to  the  shore  line. 

The  rows  wer<^  about  0  feet  apart  and  the  nests  in  each  row  alK)ut25  feet  apart, 
alternating  with  those*  in  the  other  row.  There  was  thus  al)out  one  nest  to  each  100 
square  feet  of  suitable  bottom,  or  in  each  area  of  10  b}'  10  f(H>t.  Wh(Mi  the  bass 
were  on  the  nests  no  one  was  able  to  see  any  other  and  the  fighting  from  this  cause 
was  practically  (eliminated.  The  number  of  rows  of  nests  may  Ix*  inci'eased  to  three* 
or  four,  or  more  where  th<»  area  of  shallow  water  is  wide  enough. 

Tlie  bass  selected  these  nests  in  preference  t^)  any  otlier  spawning-ground 
They  (»leaned  up  the  gravel  and  behaved  in  the  nests  in  every  particular  as  the\' 
would  on  natural  spawning-grounds.     The  first  time  we  tried  th(*se  shielded  nests 
not  a  single  bass  made  a  nest  outside  of  them,  though  there  was  plenty  of  good 
gravel  bottom  available  for  this  purpose. 

As  to  the  second  cause  of  fighting:  In  19(J(),  when  these  nests  were  first  tried, 
from  475  stock  fish  we  obtained  315,000  fry  aiid  750  fingerlings.  In  the  season  of 
1891  the  output  was  very  much  less  and  there  was  considerable  fighting  among  the 
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fish.     This  remained  unexplained  till  the  ponds  were  drawn  down  after  the  spawning 

season,  when  it  appeared  that  although  the  fish  had  been  sorted,  the  number  of 

male  fish  was  c*onsiderablv  in  excess  of  the  number  of  females,  and  these  excess 

males,  banding  together,  went  about  breaking  up  the  nests  of  their  more  fortunate 

brothers.     It  is  now  the  practice  when  setting  the  nests  to  seine  out  the  stock  fish  and 

sort  them,  putting  about  40  males  to  60  females,  thus  removing  the  second  source 

of  fighting. 

During  the  present  season  from  493  adult  fish  we  had  produced  430,000  fry  up 

to  May  2G,  and  we  believe  that  we  can  do  as  well  every  year. 

Up  to  the  present  year  there  have  been  two  sources  of  loss  incident  to  the  wat^r 

suppl3\     The  supply  is  a  spring-fed  brook,  which  runs  over  an  open  country  befon» 

it  reaches  us.     The  water  in  this  brook  becom(»s  ([uite  warm  on  a  hot,  sunny  day  and 

cools  off  at  night.     The  temperature  thus  falls  at  night  sometimes  Jis  much  as  13°  F. 

and  becomes  as  low  as  40°  F.     This  is  disastrous,  since  when  the  temperature  gets 

below  5U°  F.  th«'  adult  fish  desert  the  nests  and  the  eggs  or  young  fry  ai*e  killed  by 

the  sediment.     By  watching  the  temperatui'e  of  the  water  and,  when  it  approaches 

50°  F.,  shutting  off  the  supply  until  the  water  warms  up,  this  difficulty  is  obviated. 

Since  the  ponds  are  well  stocked  with  water  plants  the  fish  do  not  suffer  from  lack 

of  oxygen  when  the  wat^^r  is  shut  off.     Indeed,  if  the  water  did  not  leak  out  of  the 

ponds,  I  doubt  if  it  would  be  necessaiy  to  introduce  any  running  water  into  them 

during  the  breeding  season. 

The  second  difficulty  with  the  wat^r  supply  is  from  sediment  brought  down  by 
the  brook  after  heavy  rains.  This  sometimes  accumulates  over  the  nests  so  thick 
as  to  smother  the  eggs  and  drive  away  the  parent  fish.  B^*^  shutting  off  the  water 
supply  whenever  th(*  water  is  much  roiled  this  trouble  is  avoided. 

The  water  supply,  however,  must  be  kept  fairly  constant.  If  the  level  lowers 
more  than  about  0  inches  the  fish  leave  their  nests  and  the  eggs  die.  For  the  purpose 
of  maintaining  a  constant  water  level  it  would  probi^bly  l>e  tost  to  have  the  ix)nds 
made  with  clay  l)ottoms.  The  difficulties  arising  from  roily  water  of  variable  tem- 
l)erature  are,  however,  local,  and  would  probably  not  be  usually  encountered. 

Handling  the  fry  afier  ih(  ij  rise  from  fhe  nesf. — The  small-mouthed  fry  have 
the  habit  of  scattering  into  a  large  swarm  when  they  leave  the  nest  and  it  is  con- 
sequently difficult  to  seine  them  when  wanted.  It  is  therefore  desirable,  just  l)efore 
the  fry  rise  from  the  l)ottom,  to  set  over  each  nest  a  cylindrical  screen  of  cheese- 
cloth supiH)rted  on  a  frame  of  band  iron,  fi i-st  i-emoving  th<»  wooden  nest  frame. 
The  screen  keeps  the  fry  together.  They  thrive  and  grow  within  it  and  may  be  left 
there  until  one  desires  to  ship  them.  The  old  fish  stays  outside  and  watches  the 
screen.  When  this  supply  is  gone  other  Crustacea  nmy  be  taken  from  the  pond 
with  a  tow  net  and  placed  insille  the  screen.  The  fry  are  removed,  from  these 
screens  directly  to  the  shipping  cans,  as  wanted. 

Raising  the  fingerlings. — The  water  in  one  of  the  ponds  is  lowered,  the  old  fish 
seined  out  of  the  kettle  and  transferred  to  another  pond;  the  pond  is  then  refilled, 
and  the  fry,  now  about  one-half  to  three- fourths  of  an  inch  long,  are  put  in.  The 
water  in  the  pond  is  thick  with  Daphnia  and  other  Crustacea,  and  these  do  not  get 
out  when  the  water  is  drawn  off.  The  fry  feed  on  them  and  the  supply  is  usually 
sufficient;  but  if  it  gives  out,  a  fresh  supply  may  be  gathered  from  another  pond  and 
placed  in  the  nursery  pond.  As  the  young  bass  grow  they  eat  not  only  the  Daphnia 
but  young  Corixay  and  doubtless  other  aquatic  animals. 
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In  1901,  fry  one-half  to  threo-fourths  inch  long  were  introduced  into  the  nursery 
pond  on  July  12;  on  August  5  they  were  seined  out  and  shipped,  and  were  then  2  or 
3  inches  long.  They  had  had  none  but  the  natural  food.  In  three  mouths  these 
fish,  under  the  same  conditions,  are  4  to  6  inches  long. 

I  have  spoken  so  far  of  the  small-mouthed  bass,  and  it  remains  to  say  something 
of  the  large-mouthed,  with  which  my  experience  is  more  limited.  It  is  less  necessary 
to  resort  to  pond  culture  with  them  since,  owing  to  the  habit  of  the  fry  of  keeping  in 
a  close  swarm,  they  may  be  readily  seined  from  their  natural  waters  shortly  after 
they  have  left  the  nests.  In  cultivating  them  in  ponds  I  use  the  shielded  nests 
already  described,  but  make  the  bottom  of  some  fil)er,  preferably  Spanish  moss 
bedded  in  cement,  as  has  been  suggested  by  Mr.  Stranahan.  This  imitates  the 
natural  nest  bottom  and  gives  better  results  in  our  locality  than  the  gravel  nest.  I 
do  not  place  screens  alK)ut  the  nests,  since  the  young  fry  are  so  small  that  it  is 
difficult  to  hold  them  with  a  screen,  and  since  they  may  be  readily  taken  with  a 
seine  when  wanted.  I  allow  the  large-mouthed  fry  to  leave  the  nestfl  with  the  parent 
fish  and  seine  them  when  wanted. 

Finally,  I  will  sum  up  what  seem  to  me  to  be  important  points  in  pond  culture 
of  small-mouthed  black  bass,  the  ponds  being  constructed,  as  is  usual,  on  the  model 
of  a  natural  pond  with  a  central  kettle  and  shallow  sliore  region,  well  grown  up 
with  water  plants,  and  supplied  with  lake  or  brook  water: 

1.  Fish  should  be  so  fed  (with  minnows)  as  to  be  in  good  condition  in  the  spring. 

2.  They  should  l>e  sorted  into  the  ponds  in  the  spring  in  about  the  proportion  of  4  males  to  6 

females. 
8.  Shielded  nests  should  he  used,  arranged  as  already  described — about  1  to  eac*h  100  square  feet  of 
shallow  water. 

4.  The  gravel  in  the  nests  should  he  carefully  selected;  it  should  contain  sand  and  plenty  of  small 

stones. 

5.  Water  on  the  nesting-grounds  should  be  kept  constantly  at  a  level  between  18  inch^  and  2  feet. 

6.  The  water  temperature  should  be  kept  constantly  l)etween  66^  and  75'  F.  (in  our  locality). 

7.  Roily  water  should  be,  as  far  as  possible,  kept  out  of  the  ponds  during  the  spawning  season. 

8.  Fish  should  not  be  disturl^ed  until  the  eggs  are  hatched. 

9.  The  nests  of  the  small-mouthed  bass  should  be  screened  just  before  the  fry  rise  from  the  bottom. 
10.  The  water  should  contain  an  abundance  of  natural  food  for  the  fry. 

The  processes  described  are  perhaps  susceptible  of  improvements,  viz: 

1.  Special  nursery  ponds  might  be  provided  for  rearing  fingerlings. 

2.  It  is  perhaps  desirable  to  have  the  nest  frames  shielded  on  three  sides  instead  of  two  sides,  and 

made  with  a  bottom;  then  when  the  fry  rise  from  the  nest,  close  the  fourth  side  of  the 
nest  frame  by  sliding  a  screen  into  it.  In  this  way  it  would  not  be  necessary  to  remove 
the  nest  frame  and  put  a  screen  over  it,  but  the  frame  could  be  left  in  place  and  the  open 
side  closed  with  a  screen. 

3.  If  the  i)onds  were  made  with  clay  bottoms,  the  water  supply  could  be  entirely  shut  off  during 

the  breeding  season,  if  necessary. 
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It  is  a  well-known  fact  tliat  many  fishes  are  extremely  sensitive  to  disturbances 
in  the  water  such  as  are  caused  by  splashing  with  an  oar,  stamping  in  a  boat,  or 
striking  the  side  of  an  aquarium.  When,  for  instance,  tlw  oi>a<j[ue  wall  of  a  fish 
tank  containing  young  king-fish,  sea-robins,  or  killi-fish  is  struck  a  vigorous  blow 
with  the  fist,  the  fishes  usually  respond  by  giving  a  short,  quick  leap,  and,  if  such 
blows  are  frequently  repeated,  surface  fishes  are  often  driven  to  the  bottom  and  kept 
there.  Notwithstanding  the  sensitiveness  indicated  by  such  reactions,  most  of  these 
fishes  appear  to  be  unaffected  by  loud  talking  or  other  like  noises  originating  in  the 
air.  Fishermen  are  familiar  with  these  peculiarities  and  often  Uike  them  into 
account  in  the  practice  of  their  art. 

Such  facts  as  these  are  also  usually  accepted  as  evidence  that  fishes  can  hear 
(as  an  example,  compare  the  statements  made  by  W.  C.  Harris  in  Dean  Sage's 
"Salmon  and  Trout,"  1002,  p.  311),  but  a  simple  experiment  will  show,  I  believe, 
that  this  assumpti(m  is  not  necessarily  correct.  If  one  end  of  a  wooden  rod  is 
vigorously  tap[)ed  while  the  other  is  beneath  the  level  of  the  water  a  disturbance 
is  produced  that  will  call  forth  an  obvious  response  from  most  fishes  of  moderate 
sensitiveness.  Such  a  disturbance  will  likewise  affect  a  human  l>eing,  for  if  one 
holds  the  head  beneath  the  water  the  vibrations  from  the  rod  can  be  (^asily  heard, 
and  if  the  hand  lx»  placed  in  the  water  near  the  rod  they  can  be  distinctly  felt. 

Since,  as  Miiller  (1848,  p.  1220)  long  ago  pointed  out,  we  can  feel  as  well  as  hear 
these  vibrations,  it  follows  that  such  evidence  as  that  already  given  can  not  be 
accepted  as  conclusive  proof  that  fishes  hear,  for  it  is  conceivable  that  their  responses 
may  be  entirely  through  their  sense  of  touch,  i.  e.,  dependent  on  their  skins.  More- 
over, fishes  possess  a  special  system  of  tegmentarj*  sense  organs,  the  lateral-line 
organs,  which  are  completely  absent  from  us,  and  it  may  be  that  these  are  in  some 
way  the  recipient  organs  for  the  disturbances  already  descril>ed.  When,  therefore, 
a  fish  responds  to  water  vibrations  of  the  kind  mentioned,  we  are  not  justified  in 
concluding  that  it  hears,  for  it  may  respond  through  the  skin  or  the  lateral-line 

organs  and  not  through  the  ears. 
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It  may  be  reasonably  asked  at  this  point,  What  constitutes  liearing?  Ever}'- 
one  will  agree,  I  believe,  that  the  sensation  we  get  through  the  skin  from  a  vibrating 
rod  in  water  should  not  be  called  hearing,  and  what  is  true  for  us  should  hold  for 
the  lower  vertebrates.  Hearing  in  these  animals  may  therefore  l>e  defined  as  tliat 
sensory  activity  resulting  from  a  stimulation  of  the  ear  by  material  vibrations.  This 
is  in  essential  accord  with  the  definition  given  by  Kreidl  (1895,  p.  461)  to  the 
effect  that  hearing  is  that  sensation  which  is  mediated  by  the  nerve  that  is  homolo- 
gous with  the  auditory  nerve  of  man.  When,  therefore,  a  fish  responds  to  sound 
vibrations  the  question  at  once  arises  whether  the  stimulus  is  received  by  the  skin, 
the  lateral-line  organs,  or  the  ear.  And  until  this  question  can  be  answered,  at  least 
so  far  as  the  ear  is  concerned,  the  (luery  whether  fishes  hear  or  not  must  remain 
open.  In  dealing  with  this  general  subject  I  shall  take  up,  first  of  all,  the  question 
whether  fishes  respond  to  sound  vibrations  through  the  eai's. 

THE  EARS. 

Tnlrodurtory. — The  internal  eai's  of  fishes  were  descrilxid  a.s  early  as  Kilo  by 
Casserius,  and  were  studied  in  some  detiiil  in  the  following  century  by  (4eoffroy, 
Scarpa,  Comparetti,  and  Hunter.  The  attitude  taken  by  many  of  thest^  early 
workers  on  the  question  of  the  ability  of  fishes  to  hear  or  not  is  well  illustrat>ed  by 
a  quotation  from  Hunter  (1782,  p.  383),  who  at  the  conclusion  of  his  paper  on  the 
organs  of  hearing  in  fishes  made  the  following  statement: 

As  it  is  evident  that  fish  possesH  the  organ  of  hearing,  it  lK»come8  nnnect^ssary  to  make  or 
relate  any  exi)eriment  made  with  live  fish  which  only  tends  to  i)rove  this  fac^t;  hnt  I  will  mention 
one  exx)eruuent  to  shew  that  sound  affects  them  much  and  is  one  of  their  guards,  as  it  is  in  other 
animals.  In  the  year  1762,  when  I  was  in  Portugal,  I  olwerved  in  a  nobleman's  garden,  near 
Lisbon,  a  small  fish-jiond  full  of  different  kinds  offish.  Its  bottom  was  level  with  the  ground  and 
was  made  by  forming  a  bank  all  round.  Tliere  was  a  8hrubl)ery  close  to  it.  Whilst  I  was  lying 
on  the  bank,  observing  the  fish  swimming  about,  I  desired  a  gentleman,  who  was  with  me.  tx)  take 
a  loaded  gun  and  go  behind  the  shrubs  and  fire  it.  Tlie  reason  for  going  l>ehind  the  shrubs  was 
that  there  might  not  he  the  least  reflection  of  light.  The  instant  the  report  was  made  the  fish 
appeared  to  be  all  of  one  mind,  for  they  vanished  instantaneously  into  the  mud  at  the  bottom, 
raising,  as  it  were,  a  cloud  of  mud.  In  about  five  minutes  after  they  began  to  api)ear,  till  the  whole 
came  forth  again. 

This  passage  show^s  very  clearly  that  in  the  opinion  of  Hunter  the  internal  ears 
of  fishes,  like  those  of  the  higher  vertebrates,  are  organs  of  hearing.  Without  further 
experimental  evidence  this  view  was  accepted  by  Miiller  (1848,  p.  1238)  in  his  well- 
known  chapters  on  the  physiology  of  the  senses,  and  by  many  other  emin<»nt  authori- 
ties, such  as  Owen  (18GG,  pp.  342  and  346),  Gunther  (1880,  p.  110),  and  Romanes 
(1892,  p.  250).  To  these  investigators  the  presence  of  the  internal  ears  s<*emed,  as 
it  did  to  Hunter,  sufficient  ground  for  concluding  that  these  aninmls  could  hear. 

Within  recent  years,  however,  this  opinion  has  been  call(;d  in  question,  or  even 
denied.  Some  of  the  grounds  for  tliis  change  of  view  may  be  stated  as  follows: 
Bateson  (1800,  p.  251),  in  some  investigations  on  the  sense  organs  and  perception  of 
fishes,  observed  that  the  report  from  the  blasting  of  rocks  caused  conger's  to  draw 
back  a  few  inches,  flat-fishes  (like  the  sole,  plaice,  and  turl>ot)  to  bury  themselves, 
and  pouting  to  scatter  momentarily  in  all  directions;  other  fishes  seemed  to  take 
no  notice  of  the  report.  When  the  side  of  a  tank  containing  pollock  or  soles  was 
struck  with  a  heavy  stick,  the  fishes  behaved  as  they  did  toward  the  report  of  the 
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blasting.  Pollock  did  not  respond,  however,  lo  the  sound  made  bj^  rubbing  a  wet 
linger  on  the  glasss  window  of  an  aquarium  or  to  the  noise  made  by  striking  a  piece 
of  gla^s  under  wat<ir  with  a  stone,  provided  the  means  of  producing  the  noise  was 
not  seen  by  the  fishes.  Bateson  concluded  that,  while  it  may  In?  regarded  as  clear 
that  fishes  i>erceive  the  sound  of  sudden  shocks  and  concussions  when  these  are 
severe,  they  do  not  seem  to  hear  the  sounds  of  bodies  moving  in  the  water  but  not 
seen  by  them. 

Without  knowledge  of  Bateson's  observations,  Kreidl  (1805)  carried  out  a  series 
of  experiments  with  the  view  of  testing  the  powers  of  hearing  in  the  gold-fish.  Cur- 
assius  auratus.  This  species  was  chosen  iK^cause  of  the  ease*  with  which  it  could  be 
kept  in  the  laboratory  and,  further,  V)ecause  it  is  one  of  those  fishes  that  have  long 
been  reputed  to  come  at  the  sound  of  a  bell.  Aft^n*  an  extended  series  of  experi- 
ments, Kreidl  (1805,  j).  458)  concluded  that  normal  gold-fish  never  respond  to  sounds 
produced  either  in  the  air  or  in  tlie  water,  though  tliey  do  i-eact  to  the  shock  of  a 
sudden  blow  given  to  the  cover  of  tlie  aquarium.  Individuals  rendered  abnormally 
sensitive  by  strychnine  gave  no  resinmse  to  the  sound  of  a  tuning-fork  or  a  vibrating- 
rod  even  when  these  were  in  contai't  witli  the  water,  though  the  fishes  resi>onded  at 
once  to  such  slight  shocks  as  tapping  the  iuiuarium,  etc.,  or  even  clapping  the 
hands  vigorously  in  the  air. 

To  test  whether  these  response^^  were  dependent  ui>on  the  auditory  nerves, 
Kreidl  removed  these  nerves  and  the  attached  ear-sacs  from  a  number  of  individ- 
uals, and,  after  poisoning  them  with  strychnine,  subjected  them  to  stimulation  by 
sound.  In  all  cases  they  were  found  to  respond  precisely  as  the  poisoned  animals 
with  ears  did.  Kreidl,  therefore,  concluded  that  gold-fishes  do  not  hear  by  the 
so-called  ear,  but  that  they  react  to  sound-waves  by  means  of  an  esi)ecially  developed 
cutaneous  sense,  or,  to  put  it  in  other  words,  the  gold-fish /e^fe  sound  but  does  not 
hear  it  (Kreidl,  1896,  p.  581). 

After  having  reached  this  conclusion,  Krei<ll  was  led  to  take  up  a  si)ecific  case 
of  the  response  of  fishes  to  the  sound  of  a  lx?ll,  and  an  opportunity  for  doing  this 
was  found  at  the  Benedictine  monastery  in  Krems,  Austria.  Here  the  trout  of  a 
particular  basin  were  said  to  come  for  food  on  the  ringing  of  a  lx»ll.  Kreidl  (1896, 
p.  583),  however,  found  that  they  would  assemble  at  sight  of  a  pei-son  and  without 
the  ringing  of  the  l>ell.  If  they  were  not  then  fed,  they  soon  dispersed  and  no 
amount  of  bell-ringing  would  induce  them  to  return.  If,  however,  a  pebble  or  a 
small  piece  of  bread  was  thrown  into  the  water  they  immediately  swam  \igorously 
towanl  the  s|>ot  where  the  disturbance  had  occurred.  Moreover,  if  a  person 
approached  the  ba>»in  without  being  seen  and  rang  the  bell  vigorously  no  response  was 
observed.  From  these  facts  Kreidl  (1806,  p.  584)  concluded  that  the  assembling  of 
the  fishes  was  brought  al)out  through  sight  and  the  cutaneous  sens<»,  and  not  through 
hearing,  and  that  the  conclusion  reached  with  the  gold-fish  might  be  extended  to 
other  kinds  of  fishes. 

KreidFs  conclusions  were  supj)orted  by  the  observations  of  Lee  (1808),  who 
studied  the  reai^'tions  of  several  species  of  fishes  to  such  sounds  as  the  human  voice, 
the  clapping  of  hands,  and  the  striking  of  stones  together  in  air  and  imder  water. 
In  all  of  his  experiments  Lee  (1808,  p.  137)  obtained  no  evidence  what<?ver  of  the 
existence  of  a  sense  of  hearing,  as  the  term  is  usually  employe<l,  although  he  found 
that  the  fishes  were  exceedingly  sensitive  to  gross  shocks,  such  as  the  jarring  of  their 
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tank  or  coiieiissioiis  upon  its  wallH.  Lei%  inoiH*over,  called  attiMitioii  t'O  the  fa<*t  that 
tlie  papilla  aciistica  basilaris,  which  is  the  8|>ecial  or^an  of  hearing  in  the  internal 
eara  of  the  higher  vertebrates,  did  not  occur  in  the  fishes.  From  the  observatioiiB 
and  experiments  of  Bateson  and  of  Kreidl,  and  from  his  own  work,  Lee  (181)8,  p.  138) 
believed  that  the  conclusion  was  justified  beyond  doubt  that  fishes  do  nof  jK^ssess  the 
power  of  hearing,  in  the  sense  in  which  the  term  is  ordinarily  used,  and  that  the 
sole  function  of  the  ear  in  fishes  is  equilibration. 

The  generalization  to  be  drawn  from  the  work  just  summarized,  viz,  that  fishes 
do  not  hear,  though  they  may  respond  to  sound-waves  by  the  skin,  lias  seemed  to 
me  not  wholly  in  accord  with  certa^in  well-known  factw  in  the  natural  history  of  these 
animals.  Among  these  facts  may  be  mentioneil  the  undoubted  ability  on  the  pari, 
of  some  fishes  to  make  sounds.  If  a  fish  has  this  power  it  might  naturally  l>e  suj)- 
posed  to  hear  the  sounds  it  makes.  Lee  (181)8,  p.  137)  has  (*alled  attc*ntion  to  the 
small  numlKjr  of  sound-proilucing  fishes  as  evidence  against,  the  vi<»w  that  fishes  in 
general  hear.  But  the  fact  that  there  an*  such  fishes  has  always  apiK^aled  to  me 
in  quit.e  the  reverse  way  and  should,  in  my  opinion,  serve  to  indicate  the  siH»cies 
most  worthy  of  attention  in  an}'  investigation  of  the  sense  of  liearing.  It  must  l>e 
admitt>ed,  however,  that  fishes  may  iHjssibly  i)r<Hluce  sounds  that  tlu»y  themw^lves  can 
not  hear,  but  that  other  animals  may  hear  and  take  warning  from.  Thus  when  small 
swell-fish,  ChUomycterus  scluvpfi^  are  thrown  into  a  t^iiik  (*ontainiiig  hungry  scup, 
Stenotoiuu.H  chrysopSy  they  are  immediately  set  upon  by  the  latt<»r.  In  defense*  the 
swell-fishes  inflate  themselves  with  sea  water  till  their  tegmentary  spines  st^ind  out 
rigidly,  and  at  the  same  time  they  make  a  jwculiar  sound  by  gritting  the  two  front, 
teeth  of  the  lower  jaw  against  the  inner  surface  of  those*  of  the  upiK?r  jaw.  It  is  not 
known  tliat  this  sound  is  heaitl  by  the  swell-fish,  though  it  may  Ik?.  All  that  one  can 
say  with  cert.4iinty  is  that  the  sound  seems  t4)  Ik*  directed  against  the  f<M»,  for  it.  is 
made,  so  far  as  I  know,  only  when  the  swell-fish  is  molested.  (Tranting,  however, 
that  the  swell-fish  does  not  he^ir  it«  own  sound,  one  would  still  Iw  rash  to  conclude 
that  this  wjus  an  argument  against  the  hearing  of  fishes,  for  the  vast  majority  of 
animals  towanl  which  the  sound  is  directed  are  fishes  themwdves,  and  tlu^se  pre- 
sumably hear  the  sounds. 

Another  good  instance  of  the  pro<luction  of  sound  by  a  fish  is  found  in  tlie 
squeteague  or  weak-fish,  Cytiosrion.  re^jnlis.  The  grunting  noise  made  l)y  this  fish  is, 
however,  pro<luced  only  by  the  males,  and  thisspecializ^ition  is  very  difiitMiIt  to  under- 
stand unless  one  assumes  an  ability  on  the  part  of  one  or  other  sex  to  hear.  Since 
the  sounds  made  by  both  the  sw^ell-fish  and  the  squ<»t.<»agiie  aiv  in  no  sense  shocks  or 
concussions  but  resemble  more  closely,  in  rate  of  vibration  and  in  intensily,  su<*h 
sounds  as  might  Iw*  obtained  from  the  ordinary  a<*tion  of  an  instruimMit  like  a  tuning- 
fork  of  low  pitch,  it  seems  to  me  that  they  affonl  evidence  in  favor  of  the  s(»nse  of 
hearing  rather  than  the  reverse. 

A  second  reason  for  questioning  the  generalization  adv(wated  ]»y  Kividl,  and 
by  Lee,  is  the  character  of  the  observations  upon  which  it  is  based.  Both  authors 
state  that  no  positive  evidence  in  favor  of  hearing  could  l>e  obtained.  But  it  must 
be  borne  in  mind  that  in  many  animals  known  to  possess  a  sense  of  hearing  the 
auditory  reflexes  are  perhaps  the  least  conspicuous  of  any  <'onnec»ted  with  the  mon» 
important  sense  organs,  and  that  consequently  the  most  careful  s<*rutiny  of  the 
movements  of  fishes  must  be  made  lief  ore  one  can  with  certainty  <le<»lare  that  hear- 
ing is  absents.     A  perusal  of  the  papera  already  summarizc^d  led  me  to  the  conclusion 
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that  something  more  might  be  attaiued  in  this  direction,  and  I  therefore  resolved  to 
give  particular  attention  to  the  reactions  of  a  few  fishes  with  the  view  of  ascertaining 
whether  or  not  thev  showed  anv  evidence  of  hearing. 

At  the  outset  I  thought  it  lx*st  to  experiment  on  some  common  sound-producing 
si>ecies,  and  for  this  purpose  I  did  some  preliminary  work  on  the  swell-fish  {Chilo- 
mycierus  schapji),  the  squeteague  (Cynosrion  rf^ijalis)^  and  the  sea  robin  {Prionoiiis 
caroUnu.s).  To  all  of  these,  i)ractical  object  ions  were  found,  and  I  was  at  last  obliged 
to  abandon  them  for  (ishes  that  produce  no  sounds.  Among  these,  three  8j)ecie8 
were  found  to  be  especially  sensitive  to  slight  vibrations — the  king- fish  (^fenf^rirrh^^s 
saxaiilis),  and  the  two  common  s|>ecies  of  killi-lish  (Fufuluhts  mnjnlLs  and  F.  hefero- 
clitii.s).  Because  of  the  great  abundance  of  F.  heterocJitns,  the  ease  with  which  it 
could  be  operated  upon,  and  its  great  hardiness,  I  cliose  it  for  study,  and  the  observa- 
tions recorded  on  the  following  pages,  unless  otherwise*  stated,  refer  to  this  species. 

The  ears  in  Funflnlus  heteroclUus. — When  a  tank  containing  a  numl)erof  Fun- 
diilus  helerocUtus  is  struck  with  the  open  hand  so  that  the  fish  can  not  see  the 
movement  of  striking,  they  respond  to  the  vibrations  by  springing  suddenly  an  inch 
or  so  through  the  water.  The  question  to  be  considered  is  whether  thest*  vibrations 
stimulate  the  fishes  tlirough  the  skin,  the  lateral-line  organs,  the  ears,  or  some 
combination  of  these.     If  it  could  be  shown  that  the  eai-s  were  not  stimulated  bv 
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the  vibrations,  it  seems  to  me  that  we  would  have  evidence  pointing  to  the  conclusion 
that  the  fishes  did  not  hear.  If  on  t lie  other  hand  it  could  be  demonstrated  that  the 
vil)rations  did  stimulate  theeai*s,  the  evidence  would  l)e  conclusive  that  the  animals 
possessed  the  sense  of  hearing.  To  test  these  points  considerable  experimentation 
was  necessarv. 

Much  of  the  work  that  has  Ihhmi  carried  out  heretofore  has  l>een  done  with 
sound  generated  in  air  l)ut  intended  to  affect  fishes  in  water.  That  this  method  is 
extremely  inefficient  I  found  by  trying  the  following  exixM-iment.  If  a  dinner  liell 
is  rung  in  the  air  l)y  a  person  standing  breast-deep  in  water,  it  will,  of  course,  l>e 
heard  easily  by  a  second  i)erson  standing  in  a  similar  way  a  yard  or  two  off.  If, 
however,  the  second  person  i)Uts  his  head  under  the  water  during  the  ringing  of  the 
bell  th(*  sound  seems  to  eease  almost  entirely  and  is  not  again  heanl  clearly  by  the 
diver  till  he  emerges.  In  like  manner  a  Ixdl  rung  or  hit  with  a  stone  under  water 
is  heard,  at  best,  very  faintly  by  a  jM^rson  standing  in  the  water  unless  his  head  is 
under  the  surf a<*e.  In  other  words,  the  plane  separating  air  and  water  is,  under 
ordinary  circumstances,  an  almost  impenetrable  one  for  most  sounds,  whether  they 
are  generat(»d  on  one  side  or  the  other  of  it,  and  man^  of  the  negative  results 
obtained  by  previous  invest igatoi*s  on  the  sense  of  hearing  in  fishes  may  have  bi^eu 
due  not  so  much  to  the  absence  of  hearing  in  the  animals  experimented  ui>on  as  to 
their  inaccessibilitv  to  the  sound,  or  at  least  to  sound  of  an  inlensitv  sufficient  to 
stimulate.  This  difficulty  has  been  recognized  by  Kreidl,  and  in  devising  apparatus 
I  have  profited  by  his  exi>erience  and  used  sound-producing  appliances  that  were 
in  direct  contact  with  the  water  containing  the  fishes. 

The  chief  piece  of  apparatus  that  I  used  consisted  of  an  ordinary  marine 
aquarium  (pi.  i),  Vi^.  1)  with  a  slate  base,  two  heavy  glass  sides,  and  originally  two  slate 
ends,  one  of  which,  however,  I  replaced  l)y  a  pi(»ce  of  deal  boanl  fret*  from  knots,  to 
serve  as  a  sounding-l)oard.  The  inside  dimensions  of  the  aquarium  were  as  follows: 
depth,  40  cm.  {h*  in.);  breadth,  37  cm.  (15  in.);  and  length,  87  cm.  (35  in.).  To  the 
middle  of  one  edge  of  the  sounding-board  a  stout  beam  of   wood  was  attached 
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SO  that  it  stood  out  horizontally  about  1  met^r  (40  in.)  in  the  plane  of  that  end 
(fig.  2).  From  the  free  end  of  the  beam  a  bass-viol  strinj^  was  stivtehed  to  the 
opposite  side  of  the  sounding-lx)ard.  This  string  could  be  tightened  by  a  bolt  and 
nut  at  the  free  end  of  the  ]>eam,  and  it  was  made  to  pass  over  a  bridge  placed  neai* 
the  middle  of  the  sounding-lK)ai'd.  The  length  of  the  string  from  the  attached  end 
on  the  sounding-board  to  the  bridge  was  25  em.  (10  in.),  and  from  the  bridge*  to 
the  attachment  near  the  free  end  of  the  beam  1.15  metei*s  (45  in.).  Thus  the  end 
of  the  aquarium  might  be  regarded  as  something  like  a  large  one-stringed  bass  viol 
resting  sidewise,  with  the  sounding-board  for  a  lH>dy  and  the  lK*am  for  a  neck. 

When  the  string  was  tightened  and  plucked  or  bowed  a  good  tone  was  obtained, 
which  was  transmitted  directly  through  the  sounding-board  to  the  wat<*r  within  the 
aquarium.  On  keying  the  string  up  to  a  good  clear  tone,  I  found  by  writing  off  its 
vibrations  on  a  revolving  cylinder  that  it  produced  on  an  average  40  per  second, 
and  I  retained  this  pitch  by  frequent  adjustment  for  the  exi)eriments  that  I  subse- 
quently performed.  I  was  led  to  adopt  this  low  tone  since  most  of  the  noises  that  I 
have  heard  fishes  make  wen^  in  the  nature  of  low-pitched  grunts. 

Each  time  the  string  was  plucked  the  note  began  wuth  maximum  intensity  and 
then  gradually  died  away.  It  was,  consequently,  impossible  to  get  any  very  signifi- 
cant record  of  the  intensity,  but  I  endeavored  to  use  the  apparatus  in  a  uniform  way 
by  drawing  the  string  out  a  constant  distance  from  its  position  of  rest  each  time 
I  plucked  it.  The  distance  usually  employed  was  about  1.5  cm.  (0.0  in.).  The 
amount  of  weight  required,  when  liung  at  the  middle  of  the  longcir  segment  of  the 
string,  to  depress  it  1.5  cm.  was  found  to  be  about  2.15  kilograms  (4.75  i)ounds), 
so  that  each  time  the  string  was  liberated  on  being  plucked  in  the  usual  way,  it 
moved  forward  with  an  initial  force  equal  to  the  pull  of  2.15  kilograms,  a  rough 
measure  of  the  maximum  int<»nsity  of  the  sound  produced. 

The  fishes  to  be  experimented  upon  were  not  allowed  to  swim  unrestrict^^d  in 
the  aquarium,  but  they  were  placed  in  a  small  cage  (fig.  1)  susi)endtHl  from  a  cord 
attached  at  its  ends  to  the  walls  of  the  room.  Thus  the  support  for  the  fish  cage 
was  entirely  independent  of  the  walls  of  the  aquarium  and  any  vibration  that  reached 
the  fishes  must  have  done  so  almost  entirely  through  the  water.  The  cage  could  be 
moveil  in  a  horizontal  direction  back  and  forth  on  the  cord,  and  thus  the  fish  could 
be  placed  at  any  desired  distance  from  the  sounding-board  up  to  75  cm.  (»J()in.). 
The  inside  measurements  of  the  cage  were  as  follows :  Height,  10  cm.  (4  in.);  length, 
20  cm.  (8  in.);  and  brea<lth,  al)out  10  cm.  (4  in.).  The  bottom  of  the  cage  was  wood, 
padded  on  the  inside  with  cotton  wool  covered  with  cloth  to  provide  a  deadened 
surface  on  which  the  fishes  might  i*est.  The  top  and  three  sides  wen*  glass;  the 
fourth  side  was  made  of  coarse  netting  to  retain  the  fish  but  to  interfere  as  little  as 
possible  with  the  entrance  of  sound,  and  this  side  was  always  <lirected  toward  tin* 
sounding-board.  As  the  fishes  averaged  about  7  cm.  (2J  in.)  in  length,  the  cage 
gave  them  ample  room  for  moving  about. 

My  plan  was  to  introduce  fishes  in  various  conditions  into  the  cage,  and,  after 
they  had  become  accustomed  to  their  surroundings,  to  subject  them  to  stimulation 
by  sound  and  observe  their  reactions.  I  found  it  desirable  to  exiH»riment  with  three 
clasFCs  of  fishes;  first,  normal  ones  for  a  basis  of  comparison;  secondly,  fishes  from 
which  the  ears  had  been  removed;  finally,  fishes  in  which  the  general  integument 
had  been  rendered  insensitive,  but  in  which  the  eai-s  were  intact.     The  methods  of 


HEARING    AND    ALLIED    SENSES    IN    FISHES.  51 

obtaiuiug  fishes  in  tliese  conditions  and  the  resi)onses  that  they  showed  will  be 
described  for  each  class  of  fishes. 

Xoniial  fislie^. — When  a  normal  fish  is  first  lilx* rated  in  tlie  caj?e  it  swims  vigor- 
ously about  for  a  few  moments,  after  which  it  may,  sooner  or  later,  come  to  rest  on 
or  near  the  bottom.  The  animals  are  exti-emely  quick-sighted,  and,  if  aft^r  they 
have  come  to  rest  the  observer  makes  any  sudden  movements  near  the  a^iuarium, 
they  are  very  likely  to  begin  active  swimming  anew.  It  is,  therefore,  extremely 
necessary  to  work  in  such  a  way  that  all  movements,  and  particularly  quick  ones, 
are  made  out  of  sight  of  the  fish.  When  the  fish  is  resting  on  the  lK)ttom  of  the 
cage,  two  sets  of  motions  will  usually  be  observed:  first,  the  respiratory  movements 
of  the  operculum;  and  secondly,  the  alternate  vibratory  movements  of  the  i)ectoral 
fins.  The  oi)ercular  movements,  as  might  1h»  exi)ected,  always  continue,  but  the 
movements  of  the  pectoral  fins,  which  seem  to  be  connected  also  with  the  respiratory 
function,  often  cease  entirely. 

When  a  fish  has  become  quiet,  except  for  the  respiratory  movements,  the  vibra- 
tions from  the  string  nmy  call  forth  any  of  four  kinds  of  resi)onses.  The  first  of 
these  is  the  vibratory  movement  of  the  pectoral  fins,  either  a  few  slight  beats,  if  the 
fins  were  previously  at  rest,  or  an  increased  rate  or  extent  of  swing  if  they  were 
previously  in  motion.  The  vibration  of  the  string  at  the  intensity  ordinarily 
employed  almost  invariably  called  forth  this  reaction;  thus,  in  ten  observations 
t^ken  from  each  of  ten  fishes  at  a  distance  of  about  25  cm.  (10  in.)  from  the  sounding- 
board  there  were  iMj  pectoral-fin  responses  and  4  failures.  Since  this  response  is  so 
readily  observed,  it  has  affonled  one  of  the  most  satisfactory  criteria  of  stimulation. 

The  second  form  of  response  is  a  change  in  the  rate  of  the  respiratory  movements. 
In  a  ([uiescent  fish  measuring  8  cm.  (3.2  in.)  in  length  the  resi)iratory  rate  was  114 
per  minute.  On  stimulating  by  sound  this  rate  rose  suddenly  to  138  per  minute  for 
some  ten  or  a  dozen  movements  and  then  fell  rapidly  to  about  the  former  numl^er. 
This  is  x)robably  a  very  usual  form  of  response,  i^erhaps  <iuite  as  much  so  as  the 
movement  of  the  pectoral  fins,  but  the  shortness  of  its  duration  and  its  inconspicu- 
ousness  make  it  less  satisfactory  as  an  indication  of  stimulation  than  that  afforded 
by  the  i)ectoral  fins.  If  the  sound  from  the  string  is  of  considerable  intensity,  the 
third  form  of  response  may  appear,  a  slight  motion  of  the  caudal  fin,  l)eginning 
usually  at  the  doi-siil  edge  and  proceeding  as  a  wave  ventrally.  Finally,  with  strong 
stimulation,  the  fish  may  make  a  short  but  <iuick  spring  forward. 

All  these  ivactions  have  been  obtained  from  fishes  even  at  75  cm.  (30  inches) 
from  the  sounding-lx)aiil,  although  the  springing  movements  are  more  frequently 
observed  when  the  animals  are  not  so  far  from  the  source  of  sound.     One  verv  inter- 
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esting  fact  alx)ut  these  reactions  is  that  they  can  not  be  repeated  rapidly  for  even  a 
short  period.  A  fish  that  responds  to  the  first  stimulus  by  a  spring,  may  react  to  the 
second  or  to  the  third  only  by  moving  the  pectoral  fins,  and  to  the  fourth  in  no 
observable  way.  It  is  only  when  a  considerable  period  of  rest  intervenes  that  the 
reactions  may  be  repeatedly  obtained;  and  I  have  found  that  the  minimum  period 
of  rest  is  not  far  from  one  minute,  though,  even  then,  reactions  may  sometimes  fail 
to  appear. 

Earless  fishes. — The  ix^moval  of  the  ears  from  a  fish  is  a  serious  operation,  but  it 
is  one  which,  after  a  little  practice,  may  be  accomplished  with  success  and  from 
which  the  fishes  generally  recover.     These  animals  are  easily  etherized  by  putting 
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them  in  sea  water  containing  enough  ether  to  give  it  a  strong  odor.  On  being  trans- 
ferred to  pure  sea  water  they  quickly  recover,  and  an  individual  that  I  etherized  six 
times  in  the  course  of  one  afternoon  finally  recovered  without  showing  any  ill  effects. 
The  first  method  I  used  in  operating  on  the  etherized  fishes  was  to  oi>en  the  cranium 
in  the  region  of  the  ears  and,  after  cutting  the  auditory  nerves,  to  remove  those 
nerves  and  the  attached  ear-sacs.  These  i)art8  were  easily  identified  from  the  fact 
that  the  auditory  nerve  emerges  from  the  medulla  almost  exactly  ventral  to  the  cleft 
between  that  organ  and  the  optic  lobe,  and  the  ear-sac,  which  is  only  partly  sur- 
rounded by  cartilage,  lies  in  the  cranial  cavity  only  slightly  peripheral  to  the  point 
where  the  nerve  leaves  the  medulla  (pi.  0,  fig.  3).  After  the  operation  the  fishes 
were  returned  to  pure  sea  water  and,  notwithstanding  the  exposure  of  the  brain,  a 
considerable  number  recovered  and  survived.  One  of  these  I  kept  for  more  than  six 
weeks,  and,  though  its  swimming  was  characteristically  irregular,  it  was  alert  and 
active  and,  except  for  a  brief  intervening  period,  it  fed  normally. 

From  the  operation  just  described  about  one  fish  in  t^n  recovere<l.  This  pro- 
portion was  greatly  increased  by  a  second  form  of  oi)eration  in  which  the  auditory 
nerve  was  cut  without  oi)ening  the  cranium  (fig.  4).  After  a  little  practice  I  found 
that  this  could  be  done  with  great  certainty  and  about  eight  out  of  ten  fishes  usually 
recovered.  All  fishes  that  had  been  operated  on  were  kept  at  least  twenty-four 
hours  before  they  were  subjected  to  experimentation. 

Fishes  in  which  the  auditory  nerves  have  been  cut  have  very  characteristic 
reactions.  When  resting  or  when  swimming  slowly  they  behave  for  the  most  part 
as  normal  fishes  do,  and,  in  fact,  are  often  undistinguishable  from  individuals  upon 
which  no  operation  has  been  performed.  When,  however,  they  are  stimulated  to 
rapid  locomotion,  they  swim  either  in  irregular  spirals,  the  same  individual  revolving 
sometimes  to  the  right  and  sometimes  to  the  left,  or  they  turn  over  and  over  in 
irregular  circles  without  a(*complishing  much  real  progression.  This  loss  of 
orientation  on  attempting  rapid  locomotion  has  for  some  time  been  recognized  jis 
indicative  of  one  of  the  chief  functions  of  the  ears  in  fishes — i.  e.,  equilibration. 
It  is  probable  that  in  resting  or  in  swimming  slowly  the  fish  dei)ends  uiK)n  the  eye 
for  orientation,  but  in  quick  movements  the  ears  come  more  into  play,  and  hence 
after  their  loss  quick  movements  are  accompanieil  with  lack  of  orientation,  llie 
forced  movements  thus  observed  may  be  t.iiken  with  perfect  cert^iinty,  so  far  as  my 
exi)erience  goes,  as  evidence  of  tlu?  successful  out<.»ome  of  an  attempt  to  cut  the 
auditory  nerves,  for  in  the  few  cjises  where  thesis  movements  failed  to  appear, 
subsequent  dissection  showed  that  thci  nerves  had  not  l)een  cut,  and  in  all  inst^inces 
where  the  movements  were  observed  and  the  animals  afterwards  disse<»t<Hi,  the 
nerves  were  found  severed. 

A  second  feature  of  interest  that  generally  character iz(^d  fishers  with  severed 
auditory  nerves  was  the  color  that  they  finally  assumed.  I'^nder  ordinary  circum- 
stances the  color  of  this  species  is  a  light  greenish-gray.  When  etherized  the  fishes 
become  very  dark,  with  a  mottling  of  blue-green  on  the  sides  and  belly.  After 
recovery  from  cutting  the  auditory  nerves,  the  dark  coloration  disappears  and  the 
fish  assumes  a  tint  even  i>aler  than  that  of  a  normal  individual.  This  tint  is  retained 
throughout  life.  Etherizing  prebably  influences  the  chroinatophores  of  the  skin 
directly,  but  cutting  the  auditory  nerves  introduces  changes  that  are  i)n)bably 
dependent  upon  the  nervous  control  of  the  chromatophores. 
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When  the  earless  fishes  were  tested  in  the  sounding  apparatus,  they  yielded 
very  interesting  results.  Unlike  the  gold-fishes  experimented  on  by  Kreidl  (1805), 
they  differed  markedly  from  normal  fish.  In  an  extended  series  of  observations  on 
over  20  fishes  I  never  once  observed  with  eertainty  the  springing  reflex  as  a  result 
of  sounding  the  l)ass-viol  string.  The  fishes  were  usually  very  aetive,  and  I  was 
never  abh*  to  ascertain  with  eertainty  whether  they  showed  a  change  in  the  respira- 
tory rate  on  stimulation.  The  ix»etoral-fin  movements,  however,  were  observed  with 
mueli  eertainty.  On  10  earless  fishes  I  succeeded  in  getting  10  observations  each 
to  sound  stimuli  at  al>out  25  cm.  (10  inches)  from  the  sounding-board.  The  total 
result  was  that  in  82  observations  there  were  no  reactions  and  in  the  remaining  18 
the  reactions  were  at  best  slight  ones.  As  the  fishes  often  moved  the  pectoral  fins 
without  apparent  cause,  some  of  the  18  reactions  may  have  been  accidental  coinci- 
dences, but  others  were  so  precise  and  typical  that  I  am  convinced  they  were  due  to 
stimulation.  Earless  fishes,  therefore,  differ  from  normal  ones  in  that  their  pectoral- 
fin  resix)nses  to  vibrations  from  the  bass-viol  string  are  enormously  reduce<l,  though 
not  entirely  obliterated. 

Fishes  with  insensitive  skins. — For  reasons  already  given  it  isimp)erative,  l)efore 
drawing  conclusions  from  the  condition  of  earless  fishes,  to  examine  the  evidence 
afforded  by  those  whose  general  sui-face  has  l)een  rendered  insensitive.  In  this  way 
it  is  i)ossible  to  ascertain  what  part  the  integument  plays  in  the  reception  of  sound 
vibrations.  I  had  hoi)ed  that  the  integument  of  Fnndulus  heteroditus  could  be 
rendered  insensitive  by  immei*sing  the  fish  for  a  short  time  in  a  solution  of  cocaine, 
but  all  attempts  in  this  direction  proved  failures,  since  the  drug  acted  much  moi'e 
vigorously  as  a  poison  than  as  an  anaesthetic,  and  I  was  finally  obliged  to  abandon 
this  method  altogether  and  resort  to  nerve-cutting. 

The  following  operation  performed  on  etherized  fishes  insures  an  almost  complete 
insensibility  of  the  surface.  The  fifth  and  seventh  cranial  nerves  can  l)e  cut  just 
posterior  to  the  eyeball  (pi.  0,  figs.  ^5  and  4),  the  lateral-line  branch  of  the  tenth  nerve 
can  next  be  cut  at  tlu*  posterior  edge  of  th(^  pectoral  girdle  (fig.  5),  and  finally  the 
spinal  cord  can  be  sevi^red  at  the  fourth  or  fifth  vertebra.  Severe  Jis  this  operation 
is,  almost  all  fish<\s  recover  from  it  and  n^spire  and  feed  normally,  though  they 
seldom  live  Ix^vond  two  w(»eks  after  the  operation. 

Fish<»s  that  have  recovennl  from  this  oi>eration  show  certain  well-marked  charac- 
teristics. The  integument,  particularly  that  of  the  dorsal  surface,  is  unusually 
dark,  as  a  r<\sult  of  the  expanded  condition  of  the  chromatophores.  The  fish's 
mouth  is  gaping  and  motionless  in  consequence  of  the  motor  portion  of  the  fifth 
nerve  having  Ix^en  cut.  This  condition,  however,  does  not  interfere  with  respiration 
or  with  the  sucking  in  of  pieces  of  food,  an  act  which  the  fish  performs  with  avidity. 
Since  in  cutting  the  fifth  and  seventh  nerves,  the  three  small  ner\'es  to  the  muscles 
of  the  eyeballs,  the  third,  fourth,  and  sixth,  must  also  be  cut,  the  eyes  are  motion- 
less And  usually  i)rotru(le  somewhat.  Finally,  as  a  result  of  cutting  the  spinal  cord, 
the  whole  trunk  of  the  aninml  is,  as  a  rule,  passive  and  is  drawn  after  the  head,  the 
swimming  being  perform(»d  by  tlu*  piH'toral  fins.  Since  the  greater  part  of  the  conl 
is  intact,  a  mor<»  or  h»ss  vigorous  stimulus  applied  to  the  trunk  is  followed  by  move- 
ments in  the  doi-sal,  anal,  and  caudal  fins,  or  even  by  a  locomotor  response  of  the 
whole  trunk,  but  such  movements  are  made  only  after  special  stimulation,  and  the 
trunk  is  onlinarily  carried  passively,  like  a  paralyzed  appendage.     As  a  result  of 
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having  so  little  of  the  normal  locomotor  apparatus  intact,  the  fishes  often  swim  ven- 
tral side  up,  for  the  action  of  the  pectoral  fins  is  not  always  sufficient  to  overcome 
the  physical  effects  of  the  si)ecific  gravity  of  the  fish's  bo<ly. 

Fishes  that  have  recovered  from  the  operation  just  descrilx^l  liave  intact  the 
ears,  tlie  central  nervous  organs  from  the  anterior  end  of  the  l)rain  caudad  to  the 
fourth  or  fifth  vertebra,  and  the  sensory  and  motor  apparatus  for  the  region  of 
the  gills  and  the  pectoral  fins.  Excepting  in  tliese  two  ratlier  restricted  regions,  the 
whole  integument  is  insensitive,  at  h^ast  so  far  as  its  <*apacity  to  originate  impulses 
to  movements  in  the  gills  or  pectoral  fins  is  concerned.  Such  fish,  then^fore,  are  in 
a  condition  to  receive  stimuli  through  the  ears  and  to  respond  by  ivspiratory  or 
pectoral-fin  movements. 

The  reactions  that  these  fishes  showed  to  the  sound  apparatus  were  surprisingly 
clear  and  decisive.  From  the  nature  of  the  o|)eration  one  would  not  expe(»t  them  to 
l)e  able  to  give  the  sudden  spring  that  the  normal  fishes  often  sliowed,  and,  as  a 
matter  of  fact,  such  responses  were  never  observed.  Were  the  skin  of  tlie  trunk 
sensitive,  it  is  conceivable  tliat  the  (»audal-fin  reaction  might  o<?cur,  for  the  conl, 
though  severed  from  the  rest  of  the  central  nervous  organs,  was  in  itself  inta<*t. 
Caudal-fin  reactions  were,  however,  also  never  observed.  The  resi>iratory  reactions 
and  the  pectoral-fin  responses  occurred  with  great  i*egularity.  When  tlie  bass-viol 
string  was  made  to  vibrate,  the  respiratory  rate  increased  for  a  very  brief  period. 
Ii^  a  fish  7  cm.  (-J  inches)  long  the  rate  previous  to  stimulation  wjus  120  per  minute; 
immediately  after  stimulation  it  wjis  156.  The  reactions  of  the  pectoral  fin  were  also 
well  marked.  In  ten  observations  on  each  of  ten  animals  at  a  distance  of  about  25 
cm.  (10  inches)  from  the  sounding-boai*d  the  pectoral-fin  responses  occurnMl  'J4  times 
in  the  total  hundred.  This  is  in  close  agreement  with  the  normal  fishes  and  in  strong 
contrast  with  the  earless  ones.  So  far,  then,  as  I'eactions  to  the  vibrating  chord  are 
concerned,  these  fishes  show  the  essential  characteristics  of  normal  individuals. 

Discussion  of  the  results  of  the  experiment's. — It  is  clear  from  the  experinu»nts 
descrilwd  in  the  pit»ceding  sections  that  fishes  wliose  eai*s  were  rendered  functionl(\ss, 
but  whose  skins  were  normally  sensitive,  reacted  only  slightly  to  the  stimulus  from 
the  sound-produidng  apparatus,  whereas  those  with  insensitive  skins  but  functional 
ears  responded  to  this  stimulus,  as  far  as  their  conditions  would  permit,  almost  exa<*t  ly 
as  normal  fishes  did.  It  might  be  assumed  that  the  failure  to  respond  on  tlu»  part  of 
earless  fislies  wjis  due  not  to  the  loss  of  the  ear,  but  to  the  shock  of  the  operation 
they  had  un<lergone.  This,  however,  does  not  seem  to  l>e  the  ca.se,  for,  after  the 
fishes  had  recovered  from  tlie  immediate  effects  of  the  operation,  th(\v  were*  active, 
fed  well,  and  sometimes  lived  many  weeks.  Moreover,  if  the  op(*ration  w(»re  as 
severe  as  is  implied  in  the  above  assumption,  one  might  exi)ect  sonu*  indications  of 
this  in  fishes  in  which  onlv  one  auditorv  nerve  had  lx>en  cut.  As  a  matter  of  fact, 
immediately  afteir  this  operation  fishes  with  only  one  ear  intact  did  swim  irr(»gularly, 
but  in  from  six  to  eight  houi-s  this  tendency  disappeared  entirely,  and  tin*  fish  in  its 
quickness,  precision,  and  noimality  of  response  ]>ecame,  so  far  as  my  observations 
went,  absolutely  indistinguishable  from  a  normal  individual.  Further,  fishes  with 
the  fifth,  seventh,  and  lateral-line  nerves  and  spinal  cord  cut  have  without  doubt 
suffered  a  more  severe  shock  than  those  that  have  had  only  the  eighth  nerve  cut, 
and  yet  the  pectoral-fin  reactions  of  the  fonner  were  essentially  normal.  It  therefore 
seems  to  me  that  the  great  reduction  in  the  number  of  pectoral-fin  reactions  of 
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earless  fishes  is  due  to  the  loss  of  the  ear  as  a  sense  organ  and  not  to  seeondary 
complications  accompanying  the  operation. 

Although  some  of  the  observations  recorded  on  the  preceding  pages  make  it 
certain  that  in  these  fishes  the  eai-s  are  stimulated  by  disturbances  such  as  those 
st»t  up  in  the  water  by  the  sounding  apparatus,  it  may  still  fairly  be  asked  whether 
these  disturbances  are  in  the  nature  of  sounds.  When  the  bass-viol  string  attached 
to  the  a<iuarium  wjis  plucked,  a  series  of  sound  waves  of  diminishing  intensities 
was  delivered  to  the  water.  To  ascertain  something  of  the  nature  of  this  sound  I 
immersed  my  head  in  the  water  of  the  aquarium  and  had  an  assistant  pluck  the 
string  in  the  usual  way.  The  sound  that  I  thus  heard  was,  so  far  as  I  could  judge, 
of  nearly  the  same  i>itch  as  that  which  the  string  gave  to  the  air  and  of  only  slightlj' 
greater  intensity.     This  sound  certainly  reache<l  the  fishes. 

The  sounding  apparatus,  however,  did  more  than  give  rise  to  this  sound.  When 
the  stringwas  plucked  two  things  besides  the  production  of  sound  certainly  happened: 
First,  the  whole  aquarium,  including  its  supi)orting  table,  ti'embleil  slightly,  and, 
probably  as  a  consequence  of  this,  ripples  started  from  the  ends  and  sides  of  the 
aquarium  and  proceeded  toward  the  center.  These  ripples,  though  chiefly  surface 
effects,  indicated  a  wave  motion  that  penetrated  the  water  to  some  extent,  and  that 
was  doubtless  the  cause  of  the  very  slight  swaying  movement  of  the  fish  cage  occa- 
sionally noticed  after  the  string  had  tn^en  vigorously  plucked.  Moreover,  a  distinct 
tremor  could  l)e  felt  in  the  water  when  the  hand  was  held  5  to  8  cm.  (2  to  3  inches) 
from  the  sounding-board  and  the  stringwas  plucked.  The  question  naturally  arose 
wheth<»r  the  fishes  did  not  resiK)nd  to  the  movement  of  the  aquarium  as  a  whole  or 
to  the  wave  movement  indicated  l)y  the  ripples  rather  than  to  the  true  sound  waves. 

To  answer  this  question,  at  least  so  far  as  the  ripple  movement  was  concerned, 
I  was  led  to  study  tlie  reaction  time  of  the  fishes.  Unfortunately  circumstances 
prevented  me  from  reducing  this  to  a  very  accurate  process;  but,  by  listening  to  the 
beat  of  a  chronometer  and  at  the  same  time  watching  the  fish,  I  am  confident  that 
the  fin  reactions  occurred  in  less  tlian  0.2  s<*cond  after  the  string  had  been  plucked. 
The  sound  waves  and  ripples  mentioned  above  traveled  from  the  sounding-board 
toward  the  fish  at  very  different  rates.  The  sound  waves  must  have  passed  over 
the  25  cm.  of  water  betwcHMi  th<»  sounding-board  and  the  fish  almost  instantly.  The 
surface  ripple  traveled  much  less  rapidly  and  its  rate  couhl  be  easily  measured. 
This  proved  to  be  a  meter  {'M^i  inches)  in  4.8  seconds;  hence,  to  travei-se  25  cm.  (10 
inches)  the  ripple  re<iuired  alK)ut  1.2  seconds.  Since  the  fislies  responded  in  less 
than  0.2  .second,  they  must  have  reacted  to  something  other  than  the  disturbance 
indicated  by  the  ripples. 

Having  eliminated  the  ripples  as  the  initial  stimulus  for  the  fishes,  it  remained 
to  l)e  shown  whether  this  stimulus  was  the  movement  of  the  whole  aquarium  or  the 
sound  waves  proper.  I  succee<led  in  doing  this  by  substituting  an  electric  tuning- 
fork  for  the  bjiss-viol  string.  Th<»  tuning-fork  was  placed  so  that  its  base  was  within 
about  a  millimeter  (.^K  iiirh)  of  the  sounding-board.  The  iron  frame  holding  the  fork 
nested  on  supports  nuide  of  rubl>er  bottle-st()pj)ers.  These  flexible  supports  alio wtnl 
the  fork  to  be  moved  enough  to  bring  its  basi*  into  contact  with  the  sounding-board 
without  moving  the  supports  owv  the  surface  on  which  they  rested.  As  this  could 
be  done  without  any  initial  jar,  it  was  possible  to  communicate  to  the  water  in  the 
aquarium  a  sound  of  uniform  intensity  an<l  pitch  without  moving  the  aquarium  as 
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a  whole  and  also  without  producing  any  ripple.  The  fork,  moreover,  produced  a  tone 
much  purer  than  that  obtained  from  the  string.  It  had  a  pitch  of  128  vibrations  per 
second. 

Earl(»ss  fishes,  when  subjected  to  sound  waves  from  the  tuning-fork,  showeil 
notliing  tliat  I  could  identify  as  a  reaction.  Normal  fishes  and  fishes  with  normal 
ears  but  insensitive  skins  very  usually  reacted  by  pectoral -fin  moveuKMits.  The 
occasional  failure  to  respond  was  attributed  by  me  to  the  faintness  of  the  vibrations, 
for  the  most  intense  sound  obtained  from  the  fork  wivs  much  le.ss  than  that  pnKluced 
by  the  bass-viol  string.  That  the  fishes,  however,  always  did  rem^t,  even  to  this 
relatively  faint  tone,  was  pointed  out  to  me  by  ni}'  friend  Dr.  F.  S.  Lee,  who  while 
watching  one  of  the  experiments  thought  he  detected  an  increase  in  the  respinitory 
rate  even  when  no  pectoral-fin  reac^tion  occurred.  Subsequent  study  showed  this  to 
he  entirely  correct,  for,  irrespective  of  pectoral-fin  responses,  at  each  sounding  from 
the  tuning-fork  an  increase  of  the  respiratory  rate  did  take  place  for  a  very  short 
period.  There  is,  then,  no  question  but  that  these  fishes  I'cspond  to  sound  waves, 
and,  since  this  response  is  through  the  ear,  I  conclude  that  Fundulns  heferorlitus 
may  be  said  to  hear.  Since  I  never  succeeded  in  getting  reactions  of  any  kind  to 
t)ie  tuning-fork  from  earless  fishes  with  skins  and  lateral  lines  inta(»t,  I  have  no  nnison 
for  believing  tliat  these  parts  are  stimulated  by  true  sound  wavers,  and  I  attribute) 
the  responses  that  earless  fishes  occasionally  sliowed  to  the  vibrating  bass-viol  string 
not  to  the  action  of  its  sound  waves  on  the  skin  or  the  lateral-lin<»  organs,  but,  as 
will  be  shown  later,  to  the  influence  of  the  accompanying  movement  of  the  whole 
aquarium  and  it^s  contained  wati^r  on  these  parts. 

Although  the  experiments  already  described  remove  every  reasonable  doubt 
from  my  mind  as  to  the  ability  of  these  fishes  to  hear,  the  object  ion  may  still  lx» 
raised  that  the  conditions  under  which  they  were  carried  out  wei'e  so  artificial  that 
they  may  he  said  to  have  almost  no  bearing  on  the  ordinary  habits  of  FunduJuSs  and 
it  must  he  admitt4?d  that  the  relatively  small  volume  of  wat«»r  in  the  aquarium  and 
the  character  of  its  walls  as  reflecting  'surfaces  for  sound,  may  possibly  have 
introduced  factors  to  which  the  fishes,  in  their  natural  surroundings,  weiv  not 
accustomed.  To  ascertain  how  much  weight  should  be  given  to  this  objection  the 
following  experiment  was  tried.  The  sounding  apparatus,  consisting  of  the  sounding- 
board  and  the  bass-viol  string,  was  taken  from  the  aquarium  and  set  up  in  the  open 
water  of  the  outer  pool  at  the  Fish  Commission  wharf.  The  fish  cage  was  hung  at  a 
distance  of  50  centimeters  (20  inches)  from  the  sounding-board  and  toward  the  center 
of  the  pool,  which  is  alwut  100  feet  wide.  The  sound,  therefore,  was  as  unrestricted 
as  that  which  naturally  reaches  these  fishes.  On  exixM'imeiiting  with  normal  fishes, 
fishes  without  ears,  and  those  with  insensitive  skins,  results  were  obtained  ess(Mitially 
like  those  observed  in  the  ac[uarium,  and  I  therefore  concluded  that  the  restriction 
of  the  water  in  the  aquarium  played  no  essential  part  in  the  n\sults  obtained  from 
that  apparatus.  Then*  is,  thus,  good  reason  to  Indieve  that  Fundulus  heffrorlifiLs 
not  only  hears,  but  that  for  it  hearing  is  a  nornml  process. 

Having  determined  that  h(*aring  was  one  of  the  normal  functions  of  the  ears  in 
Fundulu^y  I  had  hojMHl  to  l)e  able  to  ascertain  by  experiment  th(^  parti<nilar  part  of 
the  ear,  if  such  there  l)e,  that  was  concerned  with  this  s(Mis(».  The  internal  ear  in 
FumlulU'S  heferorlitus  \H  like  that  in  most,  teleosts.  It  consists  of  the  usual  three 
semicircular  canals  an<i  a  large  8ac<Milus,  at  whose  posterior  end  a  well-develoiHKl 
lagena  is  present.     The  sacculus  is  a  thin-walled  chamlH»r,  vcM'tically  flatten(»d  and 
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containinf]^  a  thin,  flat  otolith  of  considerable  size.  Sometimes  this  otolith  is  repre- 
sented b}'  two  pieces — a  small  one  at  the  anterior  end  of  the  sacculus  and  a  much 
larger  one  occupying  the  more  central  part  of  this  chamber.  The  lagena,  which  is 
well  separated  from  the  sacculus,  also  contains  an  otolith.  On  the  median  face  of 
the  sacculus  is  an  extensive  macula  acustica  sacculi,  formed  by  the  termination  of 
the  major  part  of  the  eighth  nerve.  There  is  also  a  well-develojie*!  papilla  acustica 
lagenje,  as  wvll  as  the  usual  three  cristfe  acustica*  ampullarum.  I  am  unable  to 
state  whether  other  sensory  patches,  such  as  the  macula  acustica  neglecta,  occur 
here  or  not. 

Having  made  a  preliminarj'  study  of  the  anatomy  of  the  internal  ear,  I  had  hoped 
to  Ik*  able  to  cut  in  different  individuals  diffei'ent  branches  of  the  eighth  nerve,  and, 
by  further  expi^ri mentation  on  fishes  thus  prepared,  to  determine  the  functions  of 
the  s(*veral  sense  organs  of  the  internal  ear.  After  numerous  unsucce.ssful  attempts 
I  was  at  last  obliged  to  abandon  this  plan  because  of  the  small  size  of  the  branches 
and  their  somewhat  intricate  relations,  and  I  am,  therefore,  in  possession  of  no 
observations  that  show  which  part  or  parts  of  the  internal  ear  are  concerned  in 
hearing. 

THE   LATERAL-LINE   ORGANS  AND  THE   SKIN. 

Infroducfonj, — The  lateral-line  canals  were  regarded  by  most  of  the  earlier 
investigatoi-s  as  glands  for  the  production  of  the  mucus  so  characteristic  of  the  skins 
of  fishes.  AlK)ut  the  middle  of  the  last  century  Leydig  (1850,  p.  171)  discovered  the 
numerous  sense  organs  contained  in  these  canals,  and  declared  that  the  whole  system 
represented  a  sensory  apparatus  peculiar  to  fishes.  Subsequently  Leydig  (1808, 
p.  2)  expressed  the  opinion  that  these  organs  implied  the  possession  of  a  sixth  sense, 
one  in  addition  to  the  five  usually  attributed  to  vertebrates,  though  he  admitted  that 
this  sense  was  probably  closely  related  to  touch.  Two  years  later  the  lateral-line 
organs  were  investigated  by  Schulze  (1870),  who  demonstrated  that  true  lateral-line 
organs  were  found  only  in  the  water-inhabiting  vertebrates.  From  a  study  of  their 
struct ui*e  Schulze  (1870,  p.  80)  was  led  to  the  lK*lief  that  they  were  stimulated  by 
the  mass  movement  of  the  water,  as  wiien  a  current  passes  over  the  surface  of  a 
fish  or  when  the  fish  swims  through  the  wat<*r.  lie  further  believeil  that  they  were 
stimulated  by  sound  waves  whose  length  was  greater  than  that  of  waves  to  which 
the  ear  was  adapted.  In  this  respect  they  were  organs  somewhat  intermediate  in 
character  between  those  of  touch  and  of  hearing.  These  opinions  w^ere  opposed  by 
Merkel  (1880,  p.  54),  who  j^ointed  out  the  inaccessibility  of  the  organs  to  moving 
water  in  many  cases,  and  who  regarded  them  merely  as  organs  of  touch.  The 
opposite  extreme  was  taken  by  P.  and  F.  Sarasin  (1887-1890,  p.  54),  who  designated 
them  acces.sory  ears,  a  view  suggested  some  years  previously  by  Emery  (1880,  p.  48). 

The  opinions  thus  far  given  were  base<l  for  the  most  part  on  an  int<3rpretation 
of  the  anatomy  of  the  lat<*ral-line  organs,  and  not  upon  any  positive  experimental 
evidence  as  to  the  function  of  these  parts.  Fuchs  (1895,  p.  467)  seems  to  have  l)een 
the  first  to  attempt  work  in  this  direction.  His  experiments  were  made  chiefly  on 
the  torpe<lo,  a  fish  in  which,  in  addition  to  the  lateral  line  proper,  two  other  sets  or 
organs,  the  vesicles  of  Savi  and  the  ampulla?  of  Lorenzini,  may  be  regarded  as  parts 
of  the  lateral-line  system.  In  an  active  torpedo  Fuchs  cut  the  nerves  connected  with 
these  two  special  sets  of  organs  without,  however,  being  able  to  detect  any  significant 
change  in  the  subsequent  movements  of  the  fish.  lie  then  exposed  the  nerve  inner- 
vating the  vesicles  of  Savi,  and  having  placed  it  in  connection  with  the  appropriate 
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electrical  apparatus,  he  found  that  on  pressing  lightly  upon  the  vesicles  a  negative 
variation  in  the  current  from  the*  nerve  could  be  detected.  As  this  negative  varia- 
tion is  evidence  of  the  momentarily  active  condition  of  the  nerve,  it  follows  that 
pressure  differences  may  be  assumed  to  be  a  means  of  stimulating  the  vesicles  of 
Savi.  No  such  results  were  obtained  from  the  nerves  distributed  to  the  ampullae 
of  Lorenzini,  but  the  nerves  from  the  unnuxlified  lateral-line  organs  in  Raja  davata 
and  R,  a^terlas  showed  negative  variations  when  their  terminal  organs  were  sub- 
jected to  pressure.  Dilute  acids  and  clianges  of  temperatui^e  were  not  stimuli  for 
any  of  the  t(»rminal  organs  tested,  an<i  Fuchs  (18!)5,  p.  474)  concluded  that  pressure 
was  the  normal  stimulus  in  the  skate  for  the  lateral-line  organs,  and  in  the  torpedo 
for  the  vesicles  of  Savi,  but  not  for  the  ampulla?  of  Lorenzini. 

Apparently  without  knowledge  of  the  work  done  ]>y  Fuchs,  Richard  (181)(),  p. 
L'U)  performed  some  experiments  on  the  gold-fish.  These  consisted  in  the  removal 
of  the  scales  from  the  lateral  line  and  the  destruction  of  the  sense  organs  under 
these  scales  by  cautc^rizing  with  heat,  silver  nitrate,  or  potASsic  hydrate.  Aft-er  this 
operation  some  of  the  fishes  were  unable  to  keep  below  the  surface  of  the  water,  and 
though  they  soon  died,  Richard  (1800,  p.  133)  l>elieved  that  he  had  evidence  enough 
to  show  that  the  lateral-line  organs  were  connected  with  the  production  of  gas  in 
the  hydrostatic  apparatus. 

Richard's  conclusions  were  called  in  question  by  Bonnier  (189(5,  p.  017),  who 
pointed  out  the  seventy  of  the  operations  employed  by  the  former  and  intimated 
that  the  results  were  more  i)robably  dependent  upon  the  excessive  amount  of  tissue 
removed  than  upon  the  destruction  of  the  lateral  line.  Bonnier  (180(),  p.  018) 
further  recorded  experiments  of  his  own  in  which  the  lateral-line  organs  were 
destroyed  by  electro-cauterj'.  Fishes  thus  operated  upon  showed  two  (*liaracter- 
istics — they  could  easily  be  approached  by  the  hand  and  even  seized,  and  they 
failed  to  orient  themselves  in  reference  to  disturbances  caused  by  Ixxlies  thrown 
into  the  water.  Bonnier  concluded  from  his  experiments  that  the  lateral  line,  in 
addition  to  other  functions,  had  to  do  with  the  orientation  of  fishes  in  reference  to 
centers  in  the  water  from  which  shock-like  vibrations  might  proceed. 

Lee  (1808,  p.  130),  whose  experimental  methods  were  mucli  the  Siime  a,s  those 
used  by  Bonnier,  obtiiineil  some  significant  results,  particularly  with  the  t4)ad-fish, 
BairacJms  tau.  When  thypectoral  and  p(»lvic  tins  of  this  lish  were  removed,  so  tliat 
the  animal  might  be  saicl^o  l)e  without  it^s  usual  mechanical  support,  and  the  lateral- 
line  organs  were  destrowid  by  thermo-cautery,  the  animal  would  lie  quietly  for  some 
time,  either  on  its  side^r  back,  and  acted  as  though  it  had  lost  its  "sense  of  equili- 
bration." That  its  condition  was  not  due  to  excessive  injury  was  seen  from  the  fact 
that  a  fmless  fish  in  which  an  equal  amount  of  skin  had  been  cauterized,  but  in 
which  the  lateral-line  organs  were  int4U*t,  showed  no  lack  of  equilibration,  and  in  its 
general  behavior  closely  resembled  a  normal  fish.  Moreover,  stimulation  of  the 
central  end  of  the  lateral-line  nerve  resulted  in  perfectly  coordinated  fin  movements, 
and  Lee  (1808,  p.  144)  therefore  concluded  that  the  organs  of  the  lateral  line  are 
equilibrating  organs.  How  these  are  stimulat.ed  Lee  does  not  attempt  to  decide, 
though  he  suggests  (1808,  p.  143)  that  pressure  changes  in  the  surrounding  medium 
may  be  the  means  of  stimulation. 

From  this  brief  historical  resume  it  must  be  evident  that  there  is  still  very  little 
unity  of  opinion  as  to  the  functions  of  the  lateral-line  organs. 
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TJielaferalline  in  FinifhihisheterocJitus. — The  lateral-line  system  in  i^.  heterocUtus 
presents  a  condition  typical  for  teleosts.  Its  sense  organs  are  contained  in  canals 
that  opi'n  by  pores  on  the  surface  of  tho  skin.  A  lateral-line  canal  as  indicated  by 
its  pores  (pi.  0,  fig.  5)  extends  along  the  side  of  the  trunk  from  near  the  tail  forward 
to  the  head.  Here  tlie  arrangement  of  the  pores  (figs.  4,  5)  gives  evidence  of  a  man- 
dibuhir,  a  sul)orbital,  a  supraorbital,  and  an  occipital  branch.  By  cutting  the  fifth 
and  the  seventh  nerves  behind  tlie  eye  (fig.  4),  and  the  lateral-line  nerve  near  the 
pectoral  girdle  {^\\::.  5),  the  innervation  of  this  whole  system,  except  a  small  tract 
al)ove  tlie  gills,  can  l>e  Hindered  inoperative;  the  sense  organs  in  the  small  tract  can 
be  easily  excised.  Fishes  that  have  undergone  this  oix*ration  recover  almost  inva- 
riably and  in  a  very  sliort  time*;  the  integument  of  their  heads  is  insensitive  owing 
to  the  necessity  of  cutting  tin*  fifth  as  well  as  the  seventh  nerves;  but  that  of 
their  trunks,  which  is  of  course  innervat<Ml  from  spinal  sources,  retains  its  normal 
sensitiveness,  except  so  far  as  the  lateral-line  organs  are  concerned.  In  seeking 
for  evidence  as  to  the  function  of  the  lateral-line  organs,  I  compared  carefully  the 
reactions  of  normal  fishes  with  those  in  which  the  nerves  of  the  lateral-line  organs 
had  been  cut. 

When  a  normal  fish  is  lil>erated  in  an  aquarium,  it  swims  at  once  to  the  bottom. 
Here  it  may  move  about  excitedly  for  some  minutes,  after  which  it  usually  begins  to 
make  upward  excursions.  At  fii'st  it  will  swim  only  part  way  to  the  top,  returning 
each  time  quickly  to  the  bottom.  Eventually  it  may  make  several  quick  excursions 
to  the  upper  surface  of  the  water,  and  ultimately  may  remain  there  playing  about 
close  to  the  top.  If  now  any  disturbance  is  made  the  fish  will  again  swim  at  once 
to  the  bottom,  and  only  after  some  time  will  it  return  to  the  top,  in  the  same  cautious 
wav  as  lK»fore.  Almost  anv  disturbance  seems  to  drive  the  fish  to  the  lx)ttom — a 
flash  of  light  on  the  water,  a  quick  but  noiseless  movement  of  the  observer,  or  an 
unseen  blow  on  the  a([uarium,  conditions  all  of  which  suggest  that  the  movements 
of  the  fish  are  of  a  protective  nature. 

To  one  form  of  disturbance  the  fishes  were  particularly  sensitive,  and  this  was 
the  slight  movement  of  the  whole  a<iuarium  that  occurred  whenever  the  bass-viol 
string  was  jducked.  This  movement  could  be  pro<luced  without  the  accompanying 
sound  by  giving  a  slight  vibratory  motion  to  the  beam  attached  to  the  sounding- 
lH)ard  on  the  aquarium  {^\::.  2).  It  was  remarkable  how  accurately  the  fishes 
respond(Ml  to  this  stimulus.  If  the  fish  was  playing  at  the  top  of  the  water,  the 
slightest  movement  of  the  aquarium  as  a  whole  would  cause  it  to  descend  imme<li- 
ately  to  the  bottom;  if  it  was  on  its  upward  course,  it  could  be  checked  and  made  to 
descend  at  any  point;  and  if  it  was  near  the  bottom,  it  could  l>e  kept  there  as  long 
as  the  movement  continual.  In  all  of  the  several  hundred  trials  of  this  kind  that 
I  made,  I  never  found  a  normal  fish  that  would  remain  high  in  the  water  or  swim 
upward  while*  such  movements  were  being  imparted  to  the  aquarium.  WTienever 
the  fish  was  above  the  lx)ttom,  the  resp<3nse  was  an  instantaneous  downward  course. 

With  fishos  in  which  the  nerves  to  the  lateral-line  organs  had  l)een  cut,  the 
reactions  were  totally  difTerent.  Such  fishes,  when  left  to  themselves  in  an  aqua- 
rium, wen^  scarcely  distinguishable  from  normal  ones.  As  with  the  toad-fishes 
observed  by  Lee  (18118,  p.  140),  the  loss  of  the  lateral-line  organs  seemed  to  interfere 
in  no  essential  respects  with  the  movements  of  the  animals;  they  were  active  and 
quick,  returned  at  once  to  a  normal  position  when  displaced,  and  oriented  with 
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accuracy,  so  far  as  I  could  see,  in  that  they  at  once  swam  away  from  such  centers 
of  disturbance  as  come  from  droppinj^  a  stone  in  the  water.  In  this  hist  partic'uhir 
they  were  very  unlike  the  fishes  reported  on  by  Bonnier  (1896,  i>.  018).  In  one 
important  point  they  <liffered  absolutely  from  the  normal  fishes;  they  would  swim 
upward  and  remain  near  the  top  during  even  a  considerable  agitation  of  the  whole 
aquarium,  though  they  would  dart  downward  at  any  su<lden  movement  on  the  part 
of  the  observer.  Hence  these  fishes  must  have  lost  their  capacity  to  be  stimuhited 
by  the  mass  movement  of  the  water,  jind  since  this  defect  was  observed  only  after 
the  lateral-line  organs  had  been  rendered  inoperative,  I  concluded  that  the  normal 
stimulus  for  these  organs  was  a  yery  slight  mass  movement  of  the  surrounding 
water.  Since  such  movements  always  accompanied  the  sound  produced  by  the  bass- 
viol  string,  it  follows  that  the  disturbances  set  up  by  this  string  must  have  acted  as 
a  stimulus  for  the  latin*al-line  organs  as  well  as  for  the  eara,  and  it  is  therefore  not 
surprising  that  earless  fislies  sometimes  reacted  when  the  string  was  plucked. 

If  the  lateral-line  organs  are  stimulated  by  a  slight  mass  movement  of  the  water, 
it  occurred  to  me  that  I  ought  to  be  able  to  separate,  in  a  mixed  school  of  fishes,  those 
with  lateral-line  organs  intact  from  those  in  which  the  nerves  to  the  organs  had 
been  cut,  by  simply  imparting  a  slight  mass  movement  to  the  water.  Under  such 
conditions  the  normal  fishes  ought  to  swim  to  the  bottom,  leaving  the  defective  ones 
above;  but  cm  trying  the  (experiment  I  found  that  the  fishes  \vi}w  so  accustonunl 
to  form  a  school  that  when  the  normal  ones  started  for  the  bottom  th<»  others  <lid 
the  same,  and  I  was  entirely  unable  by  this  means  to  separate  the  normal  from 
the  defective  individuals.  lUit  I  finally  succeeded  in  doing  this  by  modifying  the 
experiment,  in  that  I  used  only  two  indivi<luals,  one  normal  and  one  defective,  and 
agitated  the  aquarium  only  when  they  were  widely  separated.  The  result  was  very 
decisive  in  that  the  normal  one  invariably  t/ook  the  initiative  in  descending,  and  in 
fact  was  often  not  followed  by  its  defective  companion. 

Having  found  the  conditions  under  w^hich  th(^  lateral-line  organs  were  stimu- 
lated, it  is  natural  to  inquire  as  to  the  exact  nature  of  the  stimulus.  Oixlinarily  the 
fishes  were  induced  to  react  by  making  the  whole  aquarium  swing  at  about  ten 
vibrations  i>er  second;  but  a  like  reaction  was  obtained  from  the  normal  fishes  when 
a  single  swing,  or  what  was  as  near  as  possible  a  single  swing,  was  given  to  the 
aquarium.  The  stimulus  therefoi*e  is  not  n<?cessarily  of  a  vibratory  kind,  but  c<m- 
sists  in  a  slight  movement  of  the  bcwly  of  water  a.s  a  whole.  It  might  be  supposed 
that  since  the  fish  was  suspended  in  the  water,  the  motion  of  th(»  ac^uarium  *is  a 
whole  could  have  no  influence  on  it.  Hut  it  must  be  remembered  that  tlu*  fish  was 
somewhat  heavier  than  the  water,  and  that  each  time  the  aquarium  was  moved  the 
fish,  from  its  inertia,  must  have  lagged  a  little  behind  or,  once  set  in  motion,  moved 
a  little  ahead,  and  it  is  this  slight  difference  in  the  rate  of  movement  of  the  fish  and 
of  the  adjacent  water  that,  in  my  opinion,  induces  stimulation.  I  am  not  prepared 
to  say  how  this  affects  the  sense  organs  in  the  lateral-line  canals;  but  it  is  not 
impossible,  as  Schulze  (1870,  p.  85)  suggest<»d,  that  slight  currents  are  thei-eby  si»t 
up  that  move  and  thus  stimulate  the  bristle  cells  of  the  lateral-line  organs. 

The  extreme  sensitiveness  of  animals  to  slight  motions  of  this  kind  has  already 
been  pointed  out  by  Whitman  (18iM),  pp.  287  and  302)  in  the  li^ech  and  salamander, 
and  I  suspect  that  the  sensitiveness  of  the  blind  fish,  as  observed  by  Eigenmann 
and  quoted  by  Whitman  (1899,  p.  303),  may  also  be  in  the  nature  of  a  lateral-line 
response. 
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Having  reached  the  conclusion  that  the  downward  swimming  of  the  fishes  could 
be  brought  about  by  stimulating  the  lateral-line  organs  through  slight  mass-move- 
ments of  the  water,  I  next  «ttempted  to  ascertain  the  relative  iini>ortance  of  different 
parts  of  the  lateral-line  system  in  this  reaction.  I  prepared  one  set  of  the  fishes  in 
which  the  lateral-line  nerves  were  cut  close  to  the  pectoral  girdles,  thus  rendering 
ineffective  the  hiteral-line  organs  of  tlie  trunk  while  those  of  the  head  were  left 
intact.  These  individuals  responded  in  all  respects,  so  far  as  I  could  see,  as  normal 
fishes  did,  and  I  therefore  concluded  that  the  lateral  line  proper  was  not  an  essential 
part  of  this  system  of  sense  organs. 

In  the  second  set  of  fishes  I  cut  the  fifth  and  seventh  nerves  of  both  sides,  thus 
preventing  the  lateral-line  organs  of  the  head  from  acting.  These  animals  always 
descended  when  the  aquarium  was  shaken,  but  with  noticeably  less  precision  than  in 
the  cases  of  normal  individuals.  It  therefore  seemed  probal)le  to  me  that  the  por- 
tion of  the  lateral-line  system  on  the  head  was  more  effective  than  that  on  the  trunk, 
but  as  this  experiment  involved  cutting  the  general  cutaneous  nerves  of  the  head 
as  well  as  the  lateral-line  nerves,  the  experiment  is  not  wholly  conclusive. 

Finally,  in  a  third  set  of  fishes,  I  cut  tlie  lateral-line  nerves  and  the  fifth  and 
seventh  nerves  of  the  right  sides  only,  leaving  the  left  sides  intact.  These  fishes, 
though  a  litth*  sluggisli,  reacted  in  an  essentially  normal  way.  From  these  three  sets 
of  exi)eriments  I  conclude  that  the  lateral-line  organs  may  be  considerably  reduced 
without  seriously  impairing  the  action  of  the  system  as  a  whole,  though  the  portion 
of  the  system  on  the  head  is  less  easily  dispensed  with  than  that  on  the  trunk. 

The  .skin  in  Fundulu.s  hefrroclitus. — While  I  was  experimenting  on  fishes  in 
which  the  lat:eral-line  organs  had  been  rendered  inoperative  I  was  at  times  puzzled 
by  getting  reactions  that  seeme<l  contradictory  to  the  general  conclusion  that  such 
fishes  were  not  stimulated  by  a  slight  movement  of  the  whole  mass  of  water.  Occa- 
sionally on  making  the  whole  a([uarium  move  slightly  a  fish  without  lateral-line 
organs  would  swim  rapidly  to  the  bottom.  On  watcliing  for  instances  of  this  kind 
I  soon  found  that  they  occurred  only  when  the  fishes  were  close  to  the  top  of  the 
water,  and  in  fact  were  within  the  rang*^  of  wav<^  action.  When  the  whole  aquarium 
was  moved,  even  only  slightly,  th(»  upper  surface  of  th(»  water  wastlirown  into  small 
waves.  These  waves,  as  could  be  seen  by  tho  motion  of  small  suspended  particles, 
extended  only  a  few  centimeters  below  th<*  surface  of  the  water,  l)ut  they  estal)lished 
a  r(»gion  into  which  tlie  fishes  without  lateral-line  organs  would  not  ascend,  and 
from  which,  if  overtaken  by  the  waves  there,  they  immediately  escaped  by  swimming 
downward.  As  fishes  without  ears  as  well  as  without,  lateral-line  organs  were  stimu- 
lated by  these  surface  waves,  I  concluded  that  in  this  instance  the  motion  of  the 
wat<M'  must  affect  the  general  cutaneous  nerves  (touch). 

If  the  motion  of  surface  waves  is  a  stimulus  for  th(»  general  cnitaneous  nerves, 
it  would  seem  probable  that  currents  in  the  water  would  also  affect  these  nerves  and 
that  the  ability  of  a  fish  to  head  up  a  stream  might  depend  rather  on  the  stimula- 
tion of  its  skin  than,  as  Schulze  lias  implied,  on  tlie  stimulation  of  its  lateral-line 
organs.  Fundulws  is  in  a  marked  d(»gree  rheotactic,  i.  e.,  it  swims  vigorously  against 
a  current,  and  I  therefore  resolved  to  test  this  fish  to  ascertain  whether  its  rheotaxis 
depended  on  its  lateral-line  organs  or  not.  Six  specimens,  in  which  the  nerves  to 
the  lateral-line  organs  had  l>een  cut,  were  placed  one  after  another  at  the  oikjii  end 
of  a  large  glass  tube  through  which  a  moderately  strong  <*urrent  of  sea  water  was 
flowing.      All  swam   energetically  up  the  tube,  and,  so  far  as  this  reaction  was 
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eoncerne<l,  they  were  in  no  observable  respect  to  be  distinguished  from  normal  fishes. 

U  I  Their  rheotaxis  certainly  did  not   depend  upon  their  lateral-line  organs,  l)ut  was 

.  undoubtedly  the  result  of  cutaneous  stimulation.  Unfortunatoly  I  was  unable  so 
to  operate  on  other  individuals  that  I  could  obtain  active  specim(»ns  whosc^  cutaneous 
nerves  were  severed  but  whose  lateral-line  systems  were  int^ict,  and  hence  the  c)nly 
conclusion  I  can  draw  is  that  the  general  cutaneous  nerves  are  stimulated  by  wave 

!   ^  and  current  action  an<l  that  this  is  sufficient  to  account  for  rheotaxis,  but  I  can  not 

state  whether  or  not  the  lateral-line  organs  are  also  stimulated  by  tlnsse  means. 

f  1  Concliisinrus  concernhuj  the  laterdl-line  organs  and  the  skiti, — The  observations 

?  :'■  on  Fundulus  recoi*ded  in  the  preceding  pages  give  no  sujiport  to  the  view  of  P.  and 

F.  Sarasin  that  the  lateral-line  organs  are  to  be  regarded  as  accessory  ears,  for 
individuals  in  which  the  eighth  nerves  had  l)<*en  cut  and  in  which  the  lateral-lino 
organs  were  intact  did  not  respond  to  the  sound-waves  from  a  tuning-fork  to  which 
fishes  with  ears  reacted  with  certainty.  I  have  also  set^n  no  reason  to  suppose  that 
the  lateral- line  organs  are  especially  connected  witli  the  production  of  gas  in  the 
air-bladder,  as  suggested  by  Uichanl,  or  that  they  are  particularly  concerned  with 
equilibration,  as  advocated  by  Lee.  Since  they  are  stimulated  by  slight  disturbances 
in  the  wat«r  that  do  not  jiiTect  the  general  cutaneous  sense  organs,  I  can  not  agree 
with  Merkel  in  classing  them  as  tactile  organs.  Their  appropriate*  stimulus  is  a 
slight  mass-movement  of  the  wat<»r,  which  nun-  or  nuiy  not  be  vibratory,  and  which 
induces  the  fish  to  swim  into  deeper  regions.  This  fonn  of  stimulus  is  of  precisely 
the  kind  that  was  attributed  to  these  organs  by  Schulze  (1S7U),  but  I  have  not  lK»en 
able  to  confirm  Schulze's  further  opinion  that  curn^nt  and  surfa<»e  wave  movements 
stimulate  these  parts.  Such  stimuli  certainly  do  affect  the  general  (Hitaneous  sense 
organs,  but  whether  or  not  they  influence  the  lateral-line  organs  1  am  unable  to  say. 

GENERAL   REACTIONS  OF   OTHER  FISHES. 

Although  my  studies  were  made  almost  exclusively  on  Fundulus  heterorlitU'Sy  I 
tested,  as  oi>portunities  offered,  other  species  of  common  fishes.  Th<\se  were  placed 
without  l>eing  operated  upon  in  th(»  aquarium  with  the  bass-viol  string  as  a  means 
of  producing  sound.  Because  of  the  mixed  character  of  the  stimulus  priKluced  by 
this  apparatus  and  also  because  of  tli(»  fact  that  the  fishes  were  not  operated  upon 
in  any  way,  the  results  are  significant  in  only  one  or  two  instances. 

Young  mackerel,  while  swimming  in  the  aquarium,  always  moved  downward 
when  the  strinir  w'as  vibrated.  The  same  was  found  true  of  adult  nuickerel,  but 
wliether  this  reaction  was  an  ear  or  a  lateral-line  response  was  not  detei'iniiuHl. 

Menhaden,  after  they  became  somewhat  accustomed  to  the  a([uarium,  gave  a 
sudden  leap  each  tinu^  the  string  vibrated,  but  sliow(?d  no  tendency  to  descend.  In 
this  instance,  too,  no  clew  was  obtained  as  to  the  organs  stimulated. 

Three  specimens  of  smooth  dog-fish,  each  about  18  inches  long,  were  test43d. 
When  these  fish  were  resting  quietly  on  the  stone  bottom  of  the  aciuarium,  the 
vibration  of  the  string  would  cause  them  to  move  their  pectoral  and  pelvic  fins, 
or  ev(m  begin  swimming,  but  when  they  rested  on  some  *}  inches  of  cotton  wool 
covered  with  a  cloth  to  afford  a  deadened  surface  on  the  bottom  of  th(»  aquarium, 
no  reaction  of  any  kind  was  ever  obtained.  Apparently  the  eai*s,  lat<»ral-line 
organs,  and  skins  of  these  fishes  are  not  open  to  any  of  the  stimuli  produced  by  the 
vibrations  of  the  bass-viol  string  and  transmitted  through  the  water,  and  tliey  tlius 
differ  markedly  from  the  other  fishes  examined. 
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These  few  notes  serve  to  show  that  diflferent  species  respond  very  differently 
to  the  same  forms  of  stimuli  and  emphasize  the  imjK)rtance  of  refraining  from 
generalizations  on  the  functions  of  the  lateral-line  organs  and  the  eai-s  in  fishes 
before  a  considerable  number  of  species  have  been  fully  examined. 

SU30IARY. 

1.  Normal  FnnduJus  heteroditus  reacts  to  the  sound  waves  from  a  tuning-fork 
of  128  vibrations  per  second  by  movements  of  tlie  pectoral  fins  and  by  an  increase 
in  the  respiratory  rate.  It  probably  also  responds  to  sound  waves  l)y  caudal-fin 
movements  and  by  general  locomotor  movements. 

2.  Individuals  in  which  the  eighth  (auditory)  nerv(»s  have  l)een  cut  do  not  respond 
to  sound  waves  from  the  tuning-fork. 

3.  The  absence  of  responses  to  sound  waves  in  individuals  with  severed  eighth 
nerves  is  not  due  to  the  shock  of  the  operation  or  to  other  secondary  causes,  but  to 
the  loss  of  the  ear  as  a  sense  organ. 

4.  FunduJus  heterorlifus  then* fore  possesses  the  sense  of  hearing. 

5.  The  ears  in  this  species  are  also  organs  of  prime  imi)Oi-tance  in  equilibration. 

6.  Normal  Finidulus  heferoditua  swims  downward  from  the  top  of  the  water 
and  remains  near  the  bottom  when  the  aquarium  in  which  it  is  contained  is  given  a 
slight  noiseless  motion. 

7.  Individuals  in  which  the  nerves  to  the  lateral-line  organs  have  been  cut  will 
swim  upward  or  remain  at  the  top  while  the  aquarium  is  being  gently  and  noiselessly 
moved. 

8.  The  lateral-line  organs  in  this  sjx^cies  are  probably  stimulated  by  a  slight 
mass  movement  of  the  water  against  them.  They  are  not  stimulated  by  sound  waves 
such  as  stimulate  the  ears. 

9.  Individuals  in  which  the  nerves  to  the  lateral-line  organs  have  been  cut  swim 
downward  and  thus  escajx?  from  regions  of  surface  wave  action.  They  also  orient 
perfectly  in  swimming  against  a  current.  Since  surfa<*e  waves  and  current  action 
stimulate  fishes  in  which  the  nerves  to  the  lateral-line  organs  and  to  the  ears  have 
been  cut,  these  motions  must  stimulate  the  general  cutaneous  nerves  (touch). 

10.  The  vibrations  from  a  bass-viol  string  when  transmitted  to  water  stimulate 
the  ears  and  the  lateral-line  or<^nns  of  Fund  id  u>{.  They  also  stimulate  mackerel  and 
menhaden,  but  not  the  smooth  dog-fish,  which  responds  only  when  in  contact  with 
solid  portions  of  an  aquarium  subjected  to  vibrations. 


The  work  recorded  on  the  preceding  pages  was  done  at  the  biological  laboratory 
of  the  United  States  Fish  Commission  at  Woods  Hole,  Mass.,  and  I  take  this  oppor- 
tunity of  expressing  my  indebtedness  to  the  Director,  Dr.  Hugh  M.  Smith,  and 
to  his  assistants  for  much  help  rendered  me.  I  am  also  under  obligations  to  Prof. 
W.  C.  Sabine,  of  Harvard  Univei-sity,  for  advice  and  assistance  in  connection  with 
the  sound-producing  apparatus,  an<l  to  Prof.  F.  S.  Lee,  of  Columbia  University,  for 
friendly  criticism  and  many  suggestions. 
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Daily  observations  of  tho  migrations  of  tho  yonng  salmon  in  the  main  river 
were  made  at  two  stations,  al)Out  325  mile«  apart,  from  January  to  May,  ISOl).  The 
hatchery  experiments  were  carried  on  during  two  seasons,  1807  and  1808,  at  Battle 
Creek  hatc^hery.  Twenty-five  thousand  eggs  were  hatclied  at  the  Hopkins  Seaside 
Laboratory  at  Pacific  Grove  during  the  winter  of  1808-00,  and  the  young  were  used 
in  experiments  testing  tlie  effect  of  sea  water  on  alevins  and  fry.  Kxperinn^nts  in 
planting  alevins  and  fry  were  made  at  Olema,  Marin  County,  and  at  Sisson,  Siskiyou 
County,  in  1807  and  1808.  Tlie  investigaticms  in  1000  and  1001  consisted  of  observa- 
tions on  adult  salmon  at  Pacific  Grove  and  at  various  points  on  the  Sacramento, 
especially  at  Black  Diamond,  Rio  Vista,  and  Mill  Creek  and  Battle  Creek  fisheries. 

Observations  of  the  habits  of  the  young  were  nuwle  first  by  watching  them  in  the 
water.  This,  of  course,  could  be  done  only  in  the  small  streams,  but  was  very  suc- 
cessful in  the  work  the  first  year  at  Olema.  Specimens  were  secured  by  means  of 
the  ordinary  Baird  seine;  the  one  most  used  in  this  investigation  was  50  feet  long 
and  7  feet  deep;  smaller  seines,  20  and  15  feet  long,  were  use<l  in  small  streams;  in 
some  of  the  work  in  San  Pablo  Bay  a  net  150  feet  long  was  used.  Traps  constructed 
to  suit  particular  purposes  were  employed  wlien?  occasion  reiiuii^ed. 

The  work  was  carried  on  under  the  direction  of  the  United  States  Fish  C/om- 
mission,  with  the  cooperation  of  the  California  Fish  Commission,  through  Mr.  N.  B. 
Scofield,  during  the  first  two  years.  Mr.  F.  M.  Chamberlain,  of  the  United  States 
Fish  Commission  steamer  AlbatrosSy  assisted  in  the  work  from  May,  1808,  to  April, 
1800.  Mr.  A.  B.  Alexander,  also  of  the  steamer  Albatross^  began  the  work  at  Olema 
in  1807.  Much  of  the  success  of  the  investigation  is  due  to  the  interest  and  counsel  of 
Mr.  J.  P.  Babcock,  of  the  California  Fish  Commission;  and  Prof.  Charles  II.  Gilbert, 
of  Stanford  University,  has  aided  much  in  planning  the  work  aiul  in  affording 
facilities  ior  studying  the  collections. 

The  author  is  under  obligations  to  the  agents  of  the  Southern  Pacific  Company 
at  the  shipping-points  along  the  Sacramento  River,  to  the  various  fish-dealers  in 
Sacramento,  and  to  the  salmon-packing  associations  at  Benicia  and  Black  Diamond 
for  statements  of  the  catch  of  salmon  at  various  places  along  the  river  and  bays 
and  for  other  courtesies;  also  to  the  officials  of  the  United  States  Weather  Bureau  at 
San  Francisco  and  Red  Bluff  and  to  the  agent  of  the  Southern  Pacific  Company 
at  Sacramento  Bridge  for  river  statistics.  The  direct^)rs  of  the  Hopkins  Seaside 
Laboratory  at  Pacific  Grove  gave  the  free  use  of  laboratory  facilities  for  carrying 
on  the  experiments  at  that  place. 

GENERAL  RESULTS  OF  THE  INVESTIGATIONS. 

A  great  many  points  of  more  or  less  interest  have  l)een  considered  in  this  series 
of  investigations,  of  which  the  following  have  the  most  practical  value  and  deserve 
special  mention: 

1.  The  original  object  of  the  investigation  has  been  carried  out  in  determining 
that  young  salmon  should  be  released  from  the  hatcheries  soon  after  the  yolk  has 
been  entirely  absorbed  and  that  they  should  not  be  released  in  the  heailwaters  late 
in  the  spring. 

2.  A  method  has  been  found  for  removing  and  fertilizing  the  eggs  left  in  the 
fish  after  artificial  spawning,  thus  increasing  tl.e  take  of  eggs  from  a  given  number 
of  fishes  by  about  one-fifth. 

3.  The  site  for  a  new  hatchery,  Mill  Creek  station,  has  been  discovered. 
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Other  points  of  interest  determined  are: 

a.  The  spermatozoa  of  the  milt  are  active  for  only  3  to  5  minutes  aft^r  the 
milt  is  mixed  with  water. 

h.  Ova  become  incapable  of  fertilization  after  5  minutes'  immersion  in  water, 
and  goo<l  results  can  not  be  obtained  after  1  minute. 

c.  Ova  can  be  exposed  to  air  for  half  an  hour  provided  they  are  kept  moist  by 
the  ovarian  fluid. 

d.  Ova  may  be  fertilized  while  immersed  in  the  ovarian  fluid,  or  in  the  slime 
from  the  skin,  or  in  unclotted  l)lood. 

e.  Ova  are  not  aff<*cted  l)y  immei*sion  in  normal  salt  solution  for  half  an  hour, 
and  are  capable  of  fertilization  thereafter. 

/.  Between  the  ages  of  0  and  10  days,  when  the  water  temperature  is  about  50", 
the  embryo  is  especially'  sensitive  and  liable  to  injury.  During  this  period  the  eggs 
should  l)e  handled  >vith  the  greatest  care. 

g.  Fungus  is  not  a  gi'eat  ix^st  at  Battle  Creek  hatcherj-,  probably  owing  to  the 
considerable  amount  of  silt  carried  in  the  water  and  deposited  on  the  mat  of  filaments. 

h,  Alevins  have  many  enemies  in  the  streams;  fry  but  few. 

/.  The  frj-  begin  feeding  and  commence  their  downstream  migration  as  soon  as 
the  volk  is  absorbed  and  thev  are  able  to  swim. 

j.  The  fry  drift  downstream  tail  first,  traveling  mostly  at  night  and  averaging 
about  in  miles  a  day.     They  ai*e  4  or  5  months  old  when  they  reach  the  ocean. 

k.  A  few  of  the  later  winter  fry,  about  10,0<X)  to  the  mile  in  the  Upper  Sacra- 
mento, remain  in  the  headwatei-s  all  summer,  which  is  deleterious  on  account  of 
slow  growth. 

/.  The  food  of  young  salmon  at  all  places  and  seasons  is  insects,  larval  or  adult. 

in,  Salmon  si)end  from  2  to  4  years  in  the  ocean. 

n.  They  usually  i-eturn  to  the  river  through  which  they  reached  the  ocean, 
becaus<»  <luring  their  ocean  life  they  do  not  get  far  away  from  its  mouth. 

o.  The  later  fall  s^ilmon  asc(»nd  the  Sacramento  River  at  the  rate  of  4  or  5  miles 
a  day,  being  alx)ut  05  days  reaching  Tehama  from  Rio  Vista.  The  spring  salmon, 
without  doubt,  travel  faster. 

p.  Salmon  do  not  eat  after  leaving  the  ocean,  and  the  stomach  shrivels  up  to 
alx)ut  a  t4Mith  of  its  normal  size. 

r/.  Salmon  lose  from  15  to  20  per  cent  of  their  weight  in  migrating,  and  from  10 
to  15  per  cent  more  in  spawning. 

r.  The  sexes  can  not  be  distinguished  in  salt  water,  but  they  differ  greatly  in 
fresh  water.  Tlu*  males  develop  the  long  hooked  jaw,  the  large  canine  teeth,  the 
dei»p  slab-sided  body,  and  the  color  usually  Injcomes  more  or  leas  I'Cildish.  The 
females  do  not  change  in  appearance  except  as  is  due  to  the  loss  of  flesh,  the 
development  of  the  ova,  and  to  the  change  in  color  from  silvery  to  olive. 

s.  The  males  vary  more  in  size  than  the  females  and  are  of  two  forms,  adult  and 
grilse;  the  grilse  resemble  the  females,  but  are  much  small(»r. 

/.  The  p<»rcentage  of  fertilization  in  natural  propagation  is  high,  probably  about 
85  j)er  cent. 

//.  The  injuries  received  in  fi-esh  water  ai-e  mostly  due  to  exertions  in  spawning 
the  last  few  ova. 

r.  It  is  well  known  that  all  Pacific  salmons  die  immediately  after  spawning 
once,  and  this  investigation  simply  lH»ars  out  the  fact. 
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THE  SACRAMENTO  RIVER  AS  A  SALMON  STREAM. 

The  Sacramento  is  a  large  river,  navigable  for  boats  as  far  as  Red  Bluff,  which 
is  225  miles  by  rail  from  San  Francisco.  It  is  quite  crooked,  and  the  distance  by 
water  from  Red  Bluff  to  the  Golden  Gate  is  about  375  miles.  The  river  rises  in 
several  small  lakes  in  the  mountains  about  20  miles  west  of  Sisson,  in  Siskiyou 
County,  California,  and  for  nearly  half  its  length  flows  through  a  narrow  canyon. 
The  upper  portion  is  a  tj^pic^l  mountain  stream,  with  innumerable  ix)ols  and  rapids 
and  gravel  beds,  forming  ideal  spawning-places  for  the  salmon,  though  it  has  not 
been  visited  by  many  of  them  during  the  past  few  years.  Near  the  lower  end  of 
the  canyon  it  receives  Pit  River  from  the  east. 

Pit  River  is  a  much  larger  stream  than  the  Sacramento  above  their  union.  Its 
lower  portion  lies  in  a  canyon  and  except  in  size  is  similar  to  the  I'^pjKjr  Sacramento. 
About  75  miles  above  its  mouth  are  the  Pit  River  Falls,  which,  until  a  fishway  was 
blasted  out,  were  impassable  for  salmon.  The  upper  portion  of  Pit  River  lies  on  a 
plateau  and  during  the  summer  is  a  very  unimport^int  stream. 

The  salmon  that  pass  Pit  River  Falls  spawn  in  Fall  River,  which  enters  Pit 
River  a  few  miles  above  the  falls.  When  seen  in  August,  1808,  Fall  River  flowed 
several  times  as  much  water  as  Upper  Pit  River,  though  it  is  only  12  or  15  miles  in 
a  direct  line  from  its  mouth  to  its  source.  It  is  about  100  feet  wide  and  3  to  4  feet 
deep,  flowing  through  a  level  plain  and  taking  its  rise  in  several  large  springs. 

Hat  Creek,  draining  Mount  Lassen  on  the  north,  empties  into  Pit  River  a  few 
miles  below  the  falls.  It  is  a  considerable  stream,  but  its  ascent  is  difficult  for 
salmon  on  account  of  very  steep  rapids. 

McCloud  River,  draining  Mount  Shasta  on  the  south,  empti(»s  into  Pit  River 
near  its  mouth.  It  is  two  or  three  times  the  size  of  the  Sacramento  River  above  the 
mouth  of  Pit  River  and  is  an  important  salmon  stream,  iiaird  liat-i'hery  is  located 
near  its  mouth. 

The  most  important  salmon  stream  of  the  basin,  excepting  the  main  river  as 
noted  below,  is  Battle  Creek,  which  drains  Mount  Lass(»n  on  the  west  and  enipti(»s 
into  the  Sacramento  between  Redding  and  Red  Bluff.  Battle  Creek  hat4*lu»ry  is 
located  at  the  mouth  of  this  stream. 

A  few  miles  below  the  mouth  of  Pit  River,  and  just  abov«»  Redding,  the  Sacra- 
mento emerges  from  the  canyon  through  which  it  runs  from  its  source  and  widens 
into  a  broad,  shallow  stream,  though  the  current  continu(»s  swift.  Below  Redding, 
for  perhaps  100  or  150  miles  as  the  river  winds,  it  continues  l)roa<l  and  shallow,  with 
many  short  riffles  and  usually  a  gravel  bank  along  one  sidc^  In  ordinary  years 
when  the  river  is  in  its  normal  low- water  condition  the  princij)al  spawning-beds  of 
the  fall  salmon  are  in  this  portion  of  the  main  riv(*r,  notably  in  th<»  vicinity  of  Red 
Bluff  and  Tehama.  In  November,  l(KK),  the  river  was  examined  can^fully  b<^tw(»en 
the  mouth  of  Battle  Creek  and  Tehama.  P'ew  salmon  wen*  s(»en  until  within  a  few 
miles  of  Red  Bluff,  but  from  that  point  on  every  riffle  was  coven^d  with  spawning- 
beds  and  dead  salmon  were  everywhere  abundant  in  their  vicinity.  Seventy-live 
dead  fishes  were  counted  at  one  time  in  the  lower  100  yards  of  Mill  Cre(»k  and  in  the 
river  within  50  yai*ds  of  its  mouth. 

A  few  miles  above  Red  Bluff  the  river  cuts  through  a  range  of  hills,  and  for  2 
or  3  miles  consists  of  a  series  of  rapids,  the  longest  of  which  is  known  as  Iron  ( 'anyon. 
After  passing  Iron  Canyon  the  river  again  assumes  the  character  found  at.  and 


J 


NATURAL    HISTORr    OF   THE    QUINNAT   SALMON.  71 

below  Redding.  Farther  downstream  the  channel  becomes  deeper,  gravel  banks 
disappear,  sand  banks  become  less  frequent,  and  rapids  an^  wanting.  Such  is  the 
character  from  Colusa  to  Sacramento.  Below  Sacramento  it  runs  through  a  level 
country  and  for  most  of  the  distance  is  affected  by  tides.  Th(»re  are  many  sloughs, 
some  connecting  it  with  the  San  Joaquin.  The  Sacramento  and  San  Joaquin  rivers 
join  as  they  empty  into  Suisun  15ay. 

The  water  of  the  upper  part  of  Sacramento  River  and  the  upper  tributaries  is 
quite  clear,  and  continues  so  until  the  mouth  of  Feather  River  is  reached,  from 
which  point  to  the  mouth  it  is  very  mudd3\  It  is  in  the  muddy  water  between  the 
mouth  of  Feather  River  and  Vallejo  that  the  salmon  for  the  markets  are  taken. 

The  only  species  of  salmon  regularly  frequenting  the  Sacramento  River  is  the 
quinnat.  The  dog  salmon  is  found  occasionally,  four  specimens  having  l^een  seen 
during  this  investigation.  Mr.  Chamberlain  reports  finding  single  specimens  of  the 
blueback  and  humpback  at  Baird  in  1809.  The  humpback  has  also  been  reported 
by  others.  The  only  record  of  the  silver  salmon  from  the  Sacramento  River  is  that 
given  by  Jordan  &  Jouy  (Proc.  U.  S.  National  Museum  1881). 

THE  GENERAL  LIFE-HISTORY  OF  THE  PACIFIC  SALMONS. 

The  salmon  under  consideration  in  this  repoi-t  is  the  Sacramento  or  quinnat 
salmon  (Oncorhynchus  tschaicyLschd),  also  known  as  Columbia  River  salmon,  king 
salmon,  and  chinook  salmon,  and  is  the  largest  and  most  important  of  the  five  species 
of  Pacific  salmons.  The  others,  in  the  order  of  their  importance,  are  (1)  blueback 
(O.  net'ka),  also  called  red  salmon,  rcMlfish,  and  sockeye;  {"2)  silver  salmon  (O. 
kifiuMi);    (3)  humpback  salmon  (O.  (jorbiiscJia),  and  (4)  dog  salmon  (O.  keta). 

The  Pacific  salmons,  as  al)ove  named,  are  different  from  tjie  Atlantic  salmon, 
which  is  related  to  the  st,eelhead  or  salmon  trout  of  the  Pacific  coast.  One  of  the 
important  charactei*s  that  separate  the  Pacific  salmons  from  the  steelhead  and  its 
relatives,  the  Atlantic  salmon  and  the  rainln^w  and  cut-throat  trouts,  is  the  larger 
number  of  rays  in  the  anal  fin — tho  unpaired  fin  on  the  under  side  of  the  tail.  The 
st4ielhea<l  and  it^s  allies  have  fewer  than  13  rays  (usually  11)  in  this  fin,  while  the 
Pacific  salmons  have  more  than  13,  the  number  for  the  quinnat  l)eing  !(>.'' 

An  equally  fundamental,  though  physiological,  difference  lies  in  the  fact  that 
the  Atlantic  salmon  and  steelhead  trout  spawn  several  times  while  the  Pacific 
salm<m,  of  whatever  species,  dies  as  soon  as  it  spawns  once.  This  is  a  very  striking 
difference  and  its  importance  can  hardly'  be  overestimated.  A  further  difference 
lies  in  the  habits  of  the  young.  The  3'oung  of  the  Pacific  salmon  seek  the  ocean  as 
soon  as  they  are  able  to  swim;  their  migration  is  accelerated  by  high  water  and 
retanled  by  low  water,  and  they  do  not  return  to  fresh  water  till  mature.  On 
the  contrary,  young  trout  do  not  s(?ek  the  ocean  for  several  months  after  they  are 
able  to  swim,  low  water  is  an  incentive  to  migration,  and  they  run  back  and  forth 
between  fresh  and  salt  water  seeking  food. 

The  quinnat  salmon  is  found  throughout  the  Pacific  coast  from  Monterey  J3ay 
northward,  but  is  less  abundant  north  of  Puget  Sound.  At  spawning  time  it  fre- 
quents the  larger  streams,  especially  those  with  estuaries.  The  ])lueback  salmon 
is  the  most  abundant  of  the  i^acific  Siilmons,  and  is  most  numerous  in  Alaska.  Its 
favorite  spawning  streams  are  those  tributary  to  lakes.     The  silver  salmon  prefers 

a  For  other  anatomical  chara<-'ter«.  se*»  .Ti)r<lftii  &  Evorniann,  FisbeM  of  North  au<l  Middle  America,  BuUetm  47, 
United  States  National  Muneam. 


n 


72  BULLETIN    OF   THE    UNITED   STATES    FISH    COMMISSION. 

the  larger  streams,  though  not  necessarily  those  emptying  through  estuaries.  The 
other  two  species  are  of  little  importance.  They  spawn  in  any  kind  of  stream, 
frequently  in  mere  brooks  that  empty  directly  into  the  ocean. 

The  Pacific  salmon,  of  whatever  species,  passes  most  of  its  life  in  the  ocean,  and 
upon  arriving  at  maturity  ascends  the  rivers  to  spawn.  Sometimes  enormous 
numbers  pass  upstream  together;  stories  of  their  being  *' thick  enough  to  walk 
across  on"  are  oft^n  told,  but  I  have  never  seen  them  quite  so  numerous  as  that. 

The  upstream  migration  occurs  sometime  during  the  warmer  half  of  the  year, 
the  earlier  fish  going  farther  upstream.  Spawning  occurs  late  in  the  summer  or 
during  th(^  fall,  and  as  soon  iis  it  is  completed  the  salmon  dies. 

Most  of  the  eggs  deposited  are  eaten  by  other  fishes,  or  are  killed  by  being  cov- 
eitid  with  sand  and  gi*avel.  Those  not  destroyed  hatch  in  from  s(>ven  to  ten  weeks, 
acconling  to  the  temperature  of  the  water.  In  the  cold  waters  of  Alaska  they  an? 
four  or  five  months  in  hatching.  It  requires  about  six  weeks  more  for  the  yolk-sac 
to  be  al)sorb(Hl,  when  the  fry  are  able  to  swim  and  are  ready  for  their  seaward 
migration.  Most  of  the  alevins,  however,  are  d(»voured  by  other  fishes  before  they 
are  able  to  swim.  It  is  to  prevent  this  great  mortality  among  eggs  And  alevins  that 
artificial  propagation  has  been  employed. 

The  young  salmon  start  downstream  as  soon  as  they  are  able  to  swim,  and 
reach  brackish  water  when  three  to  fiv(?  months  old,  according  to  the  distance  they 
have  to  go.  Those  from  tlie  vicinity  of  Battle  Creek  hatchery  reach  Benicia  in 
about  seven  weeks.  It  is  not  known  wiien  they  reach  the  ocean,  but  probably  soon 
after.  The  variation  in  the  time  of  spawning  and  hatching  makes  the  p(»riod  of 
migration  very  long.  The  fry  from  the  summer  run  biggin  passing  Battle  CrcH^k  in 
September,  and  from  that  time  until  April  following  there  is  a  continuous  stream  of 
young  salmon,  al)out  H  inches  long,  passing  that  point. 

Although  a  large  majority  go  downstream  ivs  soon  as  they  can  swim,  many, 
es])ecially  those  hatched  in  the  spring,  remain  in  th(^  pools  in  the  headwat^M's  all 
summer  and  fall.  There  were  estimated  to  be  from  7()()  to  1,000  in  each  of  several 
pools  in  the  vicinity  of  Sims  during  the  summer  of  1S9S,  and  there  were  probably  as 
many  as  1(),0()()  to  the  mile  in  that  portion  of  the  river.  These  remained  in  the 
headwaters  until  the  first  of  December,  when  rains  caused  a  rise  in  the  river. 

'^i'lie  food  of  young  salmon  in  fresh  water,  at  all  times,  places,  and  ages,  consists 
of  insects,  either  larval  or  adult. 

SALMON   EGGS  AND  MILT. 

The  following  notes  (»ml)ody  obs(»rvations  and  experinu»nts  madt^  at  Battle  Creek 
hatcher}'  in  1S1)7  and  181)8.  Although  d(»aling  largely  with  artificial  propagation, 
they  are  not  intended  to  give  <^ven  a  gen(»ral  account  of  the  metho<ls  of  fish-culture 
as  applied  to  the  Pacific  salmon.  For  such  an  account  reference  is  made  to  the 
Manual  of  Fish-culture  issue<l  by  the  Unit^Kl  States  Fish  Commission.'* 

For  faciliti(»s  placed  at  my  disposal  I  am  under  obligations  to  Mr.  (1.  II.  Lambson, 
superintendent  of  the  stiition.  Special  acknowledgments  are  due  to  Mr.  William 
Shebley,  sup(»rint(»ndent  of  Sisson  hatchery,  and  to  Mr.  Robert  HadclifT,  of  Baird, 
who  had  charge  of  the  spawn-talking  operations  in  181)7  and  181)8,  respectively,  and 
heartily  coo]M^rate<l  in  the  experimental  work. 


RoiKirt  United  States  Fish  CoinmiHsioii  1K«7.  im^^s  1  'MO. 
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EXPERIMENTS  ON   THE   VITALITY   OP  SPERMATOZOA. 

Vitality  in  irat^r.  Experiment  No.  1. — Milt  was  mixed  with  water  until  the 
mixture  lH'(*aine  of  a  milky  api>eaRinee,  which  was  the  eomlitioii  desire<l  for  fertiliz- 
ing the  ova  at  the  spawning  platform.  Small  quantities  of  the  mixture  were  taken 
from  time  to  time  and  examineil  under  a  compound  microseoix*.  After  several 
repetitions  of  the  experiment  it  was  found  that  the  si)ermatozoa  remained  active  in 
the  water  from  3  to  5  minutes,  the  lenjrth  of  time  varyinj^  slijrhtly  in  each  exi)eri- 
ment.  Eacli  time  the  spermatozoa  were  phiced  on  the  slide  they  were  verj'  active  for 
alK)ut  3(^  Seconals,  after  which  time  nearly  all  became  attache<l  by  the  tail  to  the 
slide  or  cov(m\  The  head  ccmtinued  to  move  for  a  few  seconds  hmger,  but  all 
motion  ceased  after  05  seconds  from  the  time  the  milt  was  placed  on  the  slide. 

E.vi}erimtnt  Xo.  2, — Water  was  mixed  with  milt  as  in  the  al>ove  (experiment  and 
a  small  quantity  used  to  fertilize  eggs  every  half  minute  for  >>^  minutes,  with  the 
following  results,  the*  eggs  lK*ing  freshly  spawned  in  each  case: 
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Tlie  exiK»riment  was  tried  three  timers,  but  the  i*esults  were  practically  the  same. 
At  one  time  a  numlK^r  of  eggs  were  immersed  in  water  taken  from  the  top  of  the 
can  in  which  the  spawn  was  taken  from  the  spawning  platform  to  the  hatchery. 
This  water  was  white  from  the  superfluous  milt  which  had  l>een  spawned  fi*om 
3  to  10  minutes.     None  of  the  eggs  so  tivated  were  fertilized. 

From  these  exiK»riments  it  will  b«»  st»en  that  the  milt  and  eggs  should  Iw  thor- 
oughly mixed  while  in  the  spawning  pan  and  within  W  seconds  from  the  time 
the  milt  is  mixed  with  water. 

Activity  in  normal  solt  solution." — Milt  was  mixed  with  nornml  salt  solution 
until  the  liciuid  was  distinctly  whitish,  and  a  iM)rtion  of  it  was  at  intervals  poured 
over  fivshly  si)awn<»d  eggs.  After  a  short  time  the  eggs  were  washed  with  fresh 
water.     The  jx^r  cent  fertilizer!  in  ea(*h  case  is  given  in  the  following  tjible: 
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The  results  of  this  experiment  are  too  varying  to  be  of  any  practical  valne.  It 
seems  probable  that  both  si>ermatozoa  and  ova  remain  passive  in  the  salt  solution 
and  that  fertilization  takes  place  only  after  the  addition  of  fresh  water  in  washing. 
Where  a  considerable  quantity  of  fresh  water  was  added  and  the  ova  mixed  well  with 
it  befoi'e  it  was  poured  off  the  x)ercentage  of  fertilization  was  high.  When  the  water 
was  poured  off  immediat/cly  and  without  mixing  the  ova  well  the  fertilization  was 
incomplete.  Normal  salt  solution  apparently  jireserves  the  vitality  of  the  sperma- 
tozoa longer  than  fresh  water. 

VitnLity  in  air, — It  was  found  that  milt  kept  in  an  open,  large-mouth  bottle  for 
24  hours  fertilized  74  per  cent  of  the  eggs  it  was  mixe<l  with.  Milt  that  had  been 
so  expose<l  48  hours  did  not  fertilize  any  eggs,  nor  did  that  kept  in  a  tightly  corked 
vial  for  24  hours. 

^^  Watery  ^^  tnilL — Milt  when  taken  from  the  fish  varies  greatly  in  consistency. 
That  from  some  fishes  is  very  thin  and  is  known  as  wat(»ry  milt.  Experiment 
proves  that  it  fertilizes  eggs  as  well  as  any  and  that  no  larger  quantity  is  needed. 

Amount  of  milt  required  in  artificial  fertilization, — In  taking  spawn  it  was 
the  custom  at  Battle  Creek  to  express  the  eggs  from  one  female  into  a  pan  con- 
taining about  a  pint  of  water  and  add  enough  milt  to  make  the  water  distinctly 
whitish.  The  amount  of  milt  necessary  for  this  varies,  depending  on  the  amount 
of  abdominal  fluid  mixed  with  it,  but  is  never  less  than  3  or  4  fluid  ounces.  This 
method  gives  good  results  and  should  be  followed  when  there  is  an  abundance  of 
males,  which  is  always  true  at  Battle  Creek  after  the  first  few  days  of  the  season. 
A  smaller  amount  of  milt,  however,  will  suffice.  Ninety-six  per  cent  of  the  eggs  from 
one  female  were  fertilized  by  a  tablespoon ful  of  milt;  85  per  cent  were  fertilized  by 
a  teaspoonful;  35  and  57  per  cent  were  fertilized  by  spawning  fishes  in  the  creek  and 
letting  the  milt  float  over  the  eggs,  which  had  been  caught  on  a  screen. 

Of  course,  all  that  is  necessary  is  to  bring  a  very  minute  quantity  of  milt  in 
contact  with  each  ^.gg,  A  single  drop  of  milt  if  thoroughly  disseminated  through 
the  water  wouhl  be  sufficient  to  fertilize  all  the  eggs  from  one  female.  In  the  experi- 
ments abov(^  noted  the  milt  could  not  have  l)een  thoroughly  mixed  until  after  it  had 
become  inactive.  It  is  not  advisable  to  use  less  than  a  fifth  of  an  ounce  of  milt  to 
fertilize  1,CKK)  eggs.  More  water  is  necessary  where  a  small  amount  of  milt  is  used 
in  order  to  facilitate  thorough  mixing. 

EXPERIMENTS  WITH  OVA. 

Hov^  to  te,st  fertilization, — The  quickest  and  surest  way  to  det-ermine  whether  ova 
have  been  fertilized  is  to  put  them  into  a  dilute  (5  to  10  per  cent)  acetic  acid.  This 
can  be  made  from  commercial  acetic  by  adding  from  two  to  five  parts  of  water.  A 
few  minut.es  after  the  ova  have  been  placed  in  the  acid  the  embryos  turn  whites 
while  the  yolk  remains  clear.  The  embryo  can  l)e  distinguished  in  this  manner 
within  15  hours  after  the  ovum  has  been  fertilized.  In  making  this  t^est  for  the  first 
time  it  is  best  to  make  a  comparative  test  with  unfertilized  ova  that  have  been  kept 
in  water  during  the  same  period. 

Sliort  e,rpof^ure  to  wafer  detrimental. — A  quantity  of  eggs  were  spawned  into  a 
pan  of  water  and  some  were  removed  and  spt»rmatized  every  half  minute  for  several 
minutes,  and  for  various  periods  up  to  several  hours.  The  milt  was,  of  course, 
taken  fresh  each  time. 
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Tlie  rosiilts  were  as  follows: 


Time  f p^  had  b«M>n  in  water. 

Percent-  {i 
atre  of 
fertiliza- 
tion. 

Time  egga  had  lK»eu  in  water. 

Percent- 
al of 
fertiliza- 
tion. 

4 
5 
4 
1 
0 
0 
1 
0 

0.25niinnte 

98 
911 

GH 
57 

:« 

17          , 
17 

4  minntefl 

O.oOminnte 

4.5minntes.        , .. 

Iminnte 

5  minutes 

1.5  minutes 

5.5  minutes    ..        

2  minu  te» 

Bminntew   

2.5  minutes 

6.5  minutes 

a  mif^nt^-'s    ...      ,    ,, 

7  minutes        ...            

3.5  uiinuteB 

7+ 

» 

The  susceptibility  of  ova  to  fertilization  decreases  rapidly  after  they  are  placed 
in  fresh  water,  and  the  milt  can  not  be  added  too  quickly.  Fifteen  seconds  is  as 
long  as  they  should  be  in  the  water  before  the  milt  is  added,  and  it  is  preferable  to 
add  the  milt  at  the  same  time  that  the  ova  are  spawned. 

On  one  occasion  the  eggs  remaining  in  the  Ixnly  cavity  after  artificial  spawning 
were  removed  by  cutting  the  fish  open,  wliicli  mixed  them  with  much  blood.  They 
were  waslied  as  quickly  at  possible  and  then  spermatized.  Only  11  per  cent  of  the 
eggs  were  fertilized.  In  another  experiment  85  per  cent  were  fertilized  in  the  blood 
without  washing  it  off. 

Effect  of  exposure  to  nir. — A  number  of  eggs  were  8i)ermatized  after  having 
been  exposed  to  the  air,  temperature  7C°,  for  various  periods  with  the  following 
results,  the  ordinary  method  giving  fertilization  of  99  per  cent: 


Time  ova  were  expose<l  to  air. 


12  minutes 
:*)  minutes 
W  minutes 


Percentage 
of  fertil- 
ization. 


100 
99 
76 


Apparently  there  is  no  injury  to  eggs  by  an  exposure  to  the  air  for  half  an  hour. 
It  must  be  noted  that  although  the  eggs  were  in  an  ojmmi  pan  they  were  practically 
immersed  in  the  liquid  from  th(»  body  cavity. 

Fish  slime  not  deleterious. — It  is  sometimes  said  that  the  slime  on  the  fishes  is 
fatal  to  the  spermatozoa,  an<l  at  some  stations  much  care  is  taken  to  wipe  the  fish 
dry  before  spawning.  To  test  the  truth  of  the  supposition,  a  pan  of  (*ggs  were  cov- 
ered with  slime  scraped  from  several  fishes,  and  then  spermatized  without  the  use 
of  water.  Out  of  174  eggs  examined  only  two  were  unfertilized,  which  is  as  good  as 
js  obtained  by  th<*  ordinary  process. 

Fertilizntion  in  hodij  jiuul. — At  another  time,  39*2  eggs  were  sj^ermatized  "dry," 
and  the  milt  entirelv  wash(Ml  off  with  normal  salt  solution  before  water  was  added. 
All  but  six,  or  98.5  \wv  e<»nt,  were  fertilized.  This  proves  that  water  is  not  neces- 
sary to  excite  tli(^  activity  of  the  spermat<^zoa,  an<l  that  fertilization  may  l)e  effected 
in  the  abdominal  finid  alone. 

Immersion  in  nor  unit  soft  s(  tint  ion. — A  quantity  of  egus  were  immersed  in 
normal  salt  solution  and  at  tin*  end  of  certain  periods  were  taken  out  and  fertilized 
in  the  usual  manner.  Th(»  results  as  shown  in  the  table,  while  as  good  as  could  be 
desinnl,  are  scarcely  In^tter  than  are  obtained  by  the  ordinary  method,  which  gives 
a  fertiliz^ition  of  99  per  cent.  The  value  of  the  experimt^nt  lies  in  the  fact  that  it 
gives  us  a  method  of  washing  bloody  eggs  without  preventing  their  fertilization,  as 
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will  be  noted  below.     By  making  a  chemical  analysis  of  the  fluid  of  the  body  cavity, 
[I  a  liquid  could  probably  be  prepared  that  would  be  entirely  passive  and  in  which  the 

ova  could  b<>  kept  for  days.     This,  however,  is  unnecessary,  as  a  saltness  of  three- 
fourths  of  1  per  cent  gives  a  liquid  sufliciently  passive  for  washing  out  blooily  eggs. 


Time  tiggB  were  in  salt  Holution. 

Percentage 
of  fertil- 
ization. 

2  miniitcA 

9» 

4  miniiU^H 

MX) 

6  minutes 

M\ 

8  minut^H 

W 

15  minutes 

»7 

25  minutes 

m 

To  make  artificial  spawning  complete, — Even  the  best  spawn-takers  can  not  get 
all  the  eggs  from  the  fish.  Often  the  fish  is  not  entirely  ripe;  but  whatever  the 
condition  may  be  many  of  the  eggs  are  (mtangled  in  the  folds  of  the  ovary  and 
viscera  and  are  not  spawned.  Under  natural  conditions  the  ovary  shrivels  up  and 
does  not  obstruct  the  outward  passage  of  the  eggs.  The  number  of  eggs  remaining 
in  the  fish  after  the  artificial  spawning  varies  from  200  to  1,5(K),  depending  upon  the 
size  and  condition  of  the  fish.  I  have  found  an  average  of  000  eggs  reuiaining  in 
55  fishes  after  artificial  spawning.  The  spawning  wjis  done  by  experience<l  men 
and  could  not  well  be  improved  upon. 

The  average  number  of  eggs  taken  from  a  fish  in  onlinary  spawning  is  5,000. 
This  was  the  average  during  the  season  of  1807.  l^y  removing  the  remaining  000 
eggs  tlie  yield  can  be  increased  al>out  18  per  cent.  They  can  all  b(^  removed  only 
by  slitting  the  abdomen  from  the  p<^ctoral  fins  backward,  but  this  allows  a  large 
quantity  of  blood  to  mix  with  them.  It  is  possible  to  fertilize  85  per  cent  of  these 
eggs  in  the  blood,  but  in  this  case  the  unfertilized  15  percent  have  to  bi»  picked 
out  of  the  hatching  baskets,  which  would  be  a  considerable  expense  if  the  plan 
were  followed.  But  the  blood  can  be  removed  from  the  eggs  without  any  detriment 
to  fertilization  by  wiishing  them  in  normal  salt  solution  ((me  ounce  of  common  siilt 
to  one  gallon  of  water).     They  can  then  be  fertilized  in  the  ordinary  manner. 

.  This  method  lias  been  used  at  Battle  C.reek  hat<*>hery  since  1000  with  satisfactory 
results,  the  loss  with  the  "remnant"  eggs  being  but  little  great(*r  than  with  the 
ordinary  take.  By  care  in  handling  the  loss  need  not  be  any  greater,  l^y  such 
means  the  take  of  eggs  (^an  be  increased  from  10  to  20  pc^r  cent  without  inc^reasing 
the  cost  appreciably.'* 

An  aid  to  ,spawn-t<ikin(j. — It  was  found  that  fishes  were  much  more  easily  and 
rapidly  spawned  after  cutting  the  body  walls  across  the*  opc^ning  of  the  oviduct. 
Unless  the  cut  was  made  considerably  in  advance  of  the  vent  no  perceptible  amount 
of  blood  issued.  A  greater  percentage  of  the  ova  were  spawiuMl  than  if  the  gasli 
had  not  been  made,  and  no  eggs  were  broken  in  spawning,  which  is  an  imiK)rtaiit 
point.  The  shells  or  "  shucks  "  from  eggs  broken  in  spawning  are  a  great  nuisance  in 
the  hatching  basket,  Ix^ing  difficult  to  pick  out  and  forming  a  basis  for  the  growth 

«Prom  his  study  of  the  physiolo|?y  of  the  Sacramento  salmon  in  IWCKJ,  Prof.  C.  W.  Greene,  of  the  University 
of  Missouri,  has  determined  the  amount  of  salt  in  the  ovarian  fluid  to  1k»  (».m  jn^r  <"ent,  whi<"h.  therefore,  is  the 
density  of  the  solution  that  is  normal  for  salmon  ova,  and  should  l»e  use<l  in  washini;  the  1>1(mk1  from  ei^to*,  rather 
than  0.75  i)er  cent  as  used  in  the  experiments  here  noted.  A  solutir>n  of  O.W  per  cent  can  l>e  made  by  aildint^r  U  ounces 
of  pure  dry  salt  to  1  gallon  of  water. 
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of  fundus  if  llu'y  aicMiot  removed.  It  was  found  by  eoiiiiting  the  numl)er  of  broken 
eg^s  in  several  lots  spawne<l  in  the  ordinary  manner  that  they  averaged  nearl}'  1  per 
cent  of  the  entire  take. 

In  the  ordinary  meth<Kl  of  expiwssing  the  eggs  they  leave  the  oviduct  under 
considerable  pressure  and  strike  the  spawning  pan  with  as  much  force  as  if  they 
had  fallen  several  feet.  This  manner  of  spawning,  as  alreaily  seen,  breaks  nearly  1 
I)er  cent  of  the  eggs,  and  there  may  l)e  many  among  those  not  broken  that  are 
injured;  this  nmy  account  for  the*  heavy  loss  of  the  fii*st  day  in  the  hatching-house. 

Dry  proce.ss  (ff  ferfilizatioiL — The  method  of  fertilization  used  at  ^iattle  Creek 
in  1807  and  ISOS  was  to  spawn  the  eggs  into  a  pan  containing  a  little  less  than  a  pint 
of  water,  si)ermatizing  them  at  the  same  time.  They  were  then  allowed  to  st^nd 
about  2^  minutes,  when  they  were  poured  into  a  large  bucket  and  gradually'  wiished 
by  adding  fresh  water.  Basket  Xo.  0  of  the  table  given  in  the  notes  l)elow  on  the 
critical  i>eriod  exi)eriment  was  treated  in  this  manner.  The  eggs  of  basket  No.  5 
were  fertilized  without  any  water,  but  otherwise  were  treated  the  same  as  No.  0. 
There  was  a  difference  of  only  0.3  per  cent  in  fertilization.  There  was  a  difference 
of  0.2  per  cent  between  baskets  No.  6  and  No.  7,  and  they  were  from  the  same  fishes 
and  treated  in  the  same  way,  so  far  as  fertilization  was  concerned. 

The  metho<l  used  at  Battle  Creek  seems  the  Iwitter,  as  the  eggs  can  l>e  mixed  with 
the  milt  more  easily.  A  half  minute,  or  just  long  enough  to  mix  the  eggs  thoroughly, 
is  an  abundance  of  time  for  them  to  remain  in  the  si)awning-pan. 

Killing  ihe  female  before  spdwning. — It  has  been  clauned  by  some  fish-culturists 
that  killing  the  female  before  spawning  causes  deformed  fry.  Basket  No.  1  (see 
table  on  p.  70)  contained  eggs  from  fishes  killed  by  a  blow  on  the  head.  There  were 
not  even  so  many  deformities  in  it  as  in  others.  This  method  of  procedure  is  not 
recommended,  however,  as  green  fishes  would  sometimes  be  killed,  and  their  eggs 
therefore  lost. 

Qualify  of  bloody  eggs, — Occasionally  a  female  has  been  injured  before  spawn- 
ing, and  the  eggs  when  pressed  from  the  body  wore  mixed  with  blood.  Eggs  from 
three  such  fishes  were  kept  separate;  7.7  per  cent  of  the  eggs  died  within  five  days; 
of  the  remainder,  2  per  cent  (.*3  out  of  154)  were  unfertilized.  The  fertilization  was 
about  as  good  as  the  average,  and  a  small  amount  of  blood  seems  not  to  be  detri- 
mental to  fertilization.  Several  females  were  oi>ened  aft«r  spawning,  and  the 
eggs  remaining  were  removed.  The  eggs  were  mixed  with  a  great  deal  of  blood, 
and  only  85  per  cent  could  be  fertilized,  so  that  a  large  amount  of  blood  is  detri- 
mental to  fertilization,  probably  l)ecause  clots  of  blood  prevent  thorough  mixing 
with  the  milt  rather  than  from  any  injurious  effect  upon  the  ova  or  spermatozoa. 

Foamy  eggs. — Often  the  ovarian  liquid  becomes  foamy  as  the  eggs  are  spawned. 
It  was  not  known  whether  such  eggs  were  fertilizable.  In  the  foamy  eggs  experi- 
mented with  IM.)  per  cent  were  fertilized. 

Granular  eggs. — The  eggs  from  a  certain  small  salmon,  owing  to  the  arrange- 
ment or  sui^erabundance  of  oil  globules,  had  a  j)eculiar  granular  api>earance.  Fer- 
tilization by  ordinary  process  was  IM)  j)er  cent;  appai*ently  healthy  when  26  days  old. 

Eggs  (lead  when  spawned. — Occasionally  eggs  at  the  time  of  spawning  have  a 
dull,  yellowish  api>earance,  and  are  evidently  not  healthy.  They  are  always  thrown 
away.  Eggs  of  this  kind  from  one  fish  were  kept.  Seventeen  days  after  spawning 
30  j)er  cent  had  died,  and  of  the  remainder  23  per  cent  were  unfertilized.  They 
were  not  kept  for  further  observations.     Such  eggs  were  not  found  in  1898. 
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Eggs  from  (lead  fish, — On  two  occasions  a  ripe  female  was  removed  from  the 
water,  and  after  it  had  been  dead  2  hours  a  few  eggs  were  spawned  and  fertilized  in 
the  usual  manner.  A  few  eggs  were  spawned  from  time  to  time  until  the  fish  had 
been  dead  34  hours.     The  following  table  gives  the  results: 


Number  of  hoiirn  fltth  had  been  dead. 


2  hoiiFH 

4  houFH 

6  hours 

8  hours 

10  hours 

1:J  hours 

16  hours 

24  hours 

:M  hours 


PercentaK*)  <>'  '«r- 
tilization. 


First 
fish. 


9» 
H2 


Second 
fish. 


Percent- 
age of  ogffs 
that  dii»d 
within  10 
days. 


0 


94 
H9 
27 

31 


0 


10 

:{i 

100 
100 


The  first  four  lots  of  eggs  of  2,  4,  6,  and  8  hours  wei-e  kept  26  days  and  were 
apparently  entirely  healthy  at  the  end  of  that  time. 

At  another  time  eggs  were  taken  from  two  fishes  that  had  died  in  the  water. 
One  had  been  deail  1  hour,  the  other  over  G  hours.  Of  the  first,  over  97  per  cent 
hatched  and  were  healthy  fry;  of  the  other,  85  per  cent. 

From  the  above  it  is  evidently  safe  to  take  the  eggs  from  fishes  that  have  been 
dead  less  than  5  hours,  and  fairly  good  results  can  be  obtained  up  to  8  horn's. 

Spotted  eggs. — Sometimes  a  considerable  number  of  eggs,  a  few  weeks  after 
fertilization,  have  a  small,  irregular  white  spot  about  the  size  of  the  head  of  a  pin 
in  the  yolk  near  the  surface.  This  does  not  mean  that  the  egii;  is  about  to  die. 
Fifteen  such  eggs  were  put  into  a  separate  basket,  and  all  hat<*hed  as  perfectly 
healthy  fry  excepting  one,  which  died  in  breaking  through  the  shell.  The  si)ot  did 
not  appear  on  the  yolk-sac. 

Yellow  eggs, — When  eggs  are  nearly  ready  to  hatch  a  yellowish  fluid  sometimes 
collects  around  the  embryo.  This  does  not  affect  them  very  seriously,  as  most  of 
them  hatch  into  healthy  alevins. 

The  critical  period  for  eggs, — It  is  a  well-known  fact  that  at  a  certain  stage  in 
development,  from  about  the  sixth  to  the  sixU^enth  day,  eggs  are  much  more  liable 
to  injury  than  at  other  stages.  When  first  taken  they  c^n  be  handled  with  com- 
parative roughness  with  impunity.  At  Battle  Creek  in  1807  the  spawning  platform 
was  al>out  half  a  mile  from  the  hatchery.  The  eggs  were  hauh^d  this  distance  over 
a  road  that  lacked  much  of  being  smooth,  yet  the  loss  traceable  to  such  handling 
was  slight.  Of  nearly  700,000  eyed  eggs  sent  from  Battle  Creek  to  Olema  at  one 
time,  less  than  300  were  killed  in  shipping.  They  were  hauled  about  10  miles  in  a 
heavy  wagon,  were  on  the  train  some  15  hours,  and  out  of  the  water  48  hours.  At 
the  time  of  shipment  the  eggs  were  43  days  old.  But  at  an  earlier  date,  when  i\  to 
16  days  old,  such  treatment  would  have  killed  every  egg. 

For  puri)oses  of  comparison  60,000  eggs  from  several  fishes,  fertilized  in  the 
ordinary  manner,  were  mixed  in  a  can  at  the  spawning  i)latform,  and  at  the  hatchery 
were  equally  divided  between  two  baskets.  The  eggs  of  one  of  the  baskets  wi^re 
picked  over  daily  regardless  of  results  in  order  to  remove  the  dead  or  addled  eggs. 
The  eggs  in  the  other  wei*e  picked  over  in  the  same  manner  on  the  fii-st,  third, 
twenty-second,  twenty-fourth,  and  forty-fii'st  days,  and  occasionally  after  that  date. 
The  former  of  these  experiments  was  called  No.  7,  the  latter  No.  6.     As  a  further  test 
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another  basket,  No.  1 ,  of  30,0(K)  Qggn  was  picked  daily.     The  loss  of  the  baskets  picked 
daily  was  from  three  to  seven  times  greater  than  that  of  baskets  not  so  treated. 

The  following  table  indicates  the  comparative  loss  in  baskets  No.  H  and  No.  7, 
and  shows  that  eggs  are  very  sensitive  between  the  sixth  and  sixteenth  days,  and 
that  they  should  l>e  disturl)ed  as  little  as  jiossible  during  that  i>eriod.  Basket  No. 
6  lost  but  785  eggs  from  the  fourth  to  the  twenty-second  day,  while  basket  No.  7, 
which  was  picked  daily,  lost  over  S,()(X).  After  the  twenty-second  day  the  loss  in 
this  basket,  No.  7,  was  only  013,  while  it  was  1,3(59  in  No.  0,  the  one  not  picked 
daily.  The  loss  on  the  forty- third  day  was  the  result  of  being  shijiped  from  Battle 
Creek  to  Olema,  in  which  case  the  loss  in  No.  G  was  nearly  eight  time«  that  of  No.  7. 
It  is  evident,  therefore,  that  daily  picking  t^kes  out  nearly  all  the  weak  eggs,  but  it 
is  also  strikingly  evident  that  it  takes  out  a  very  great  many  that  are  not  weak. 

Table  tthowing  lomt  of  eggs  in  lHMke(.H  No.  0  and  Ao.  7,  taken  y(PvemlH'r  15,  1S97. 


Age,  dayH. 


Tern-  Lo08. 

pera-   

tore  of   -,-     _      -_    ..   li 
wat«r.    No. «.     No.  • . 


I. 
2. 
3- 
4. 
5. 
6. 

i. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 
22 

23! 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

:c. 

:«. 


F. 
49 
49 
52 
52 

5:^ 

51 
50 
51 
50 
49 
47 
48 
48 
49 
52 
51 
48 
46 
¥S 
48 
51 
50 
50 
48 
50 
51 
51 
49 
49 
47 
4«{ 
45 
46 
44 


3a) 


56 


785 


306 
54 

114 
60 

131 

2r« 

"267 

0225 

u42l) 

M.240 

ftl.OOO 

r797 

1.2tl) 

1.582 

469 

331 

i.-c 


47 

lOO 
54 

28 
31 
18 


4:1 » 

21 

:fl 

28 

24 

12 

44 

28 

1 

23 

Zi 

16 

14 

Ajfe,  days. 

Tem- 
1  pera- 
tureof 

water. 

1 

Lc 

No.  6. 

'665' 

MM. 

N 

0* 

0.    1. 

16 

84 

18 

5 

2 

3 

5 

3 

4 

9 

11 

2 

2 

36.. 
43 

°  F. 

!        47 

46.. 

j 

47 

48 

49.. 

64 

50.. 

51 

52.. 

53-1 

54 

56 

57 

58 

' 

62 

m.. 

14 

61 

1 

23 

tK.- 

20 

63.- 

:» 

64.. 

16     i 

65.. 

17 

68.. 

2! 
15    ' 

:c 

11     . 
5 
5 

4     : 

3    ! 
2 

13    i 

69.. 



9    1 

72  . 

24     i 

74 

15    > 

i.)  

14    i 

77  

9 

78 

79 

8I>.- 

«.i.. 

9, 

8 

84.. 

2,497    : 

i 

1 
0 

Total 



44H 

1 

<«  Many  killod  while  piddng  ( went  over  baHkct  but  once).  ''Not  ho  many  killed  while  picking. 

c  Died  almost  bl»  fa.st  as  one  i>urHon  could  pick  them  out. 

The  table  l)elow  gives  a  summary'  of  the  loss  in  four  baskets;  two.  No.  1  and  No. 
7,  picked  daily,  and  two.  No.  5  and  No.  0,  pieke<l  so  as  to  avoid  the  critical  iKjriod: 


Picked  daily. 
No.  1.        No.  7. 


No.  5 


No.  6. 


LoHBof  eraH 

LoHH  of  alexins 

l>eformed  fry 

Total  1<JHH 

Percentage  of  lo«8 

Percentage  unfertilized 


16,889 

■to 

t 
:« 

16.iWl 

56 

0.3 


9,404 

14 

4 

9. 422 

:« 

0.6 


3,292 
21 

3.:fii 
11 

0.7 


2,497    I 
"112    ! 

56 

2,6t^=> 

9 

0.4 


a  Tho  lai^e  1o8b  of  alovina  of  No.  6  was  caoued  by  accidental  smothering. 
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There  wore  »K),0(X)  eggs  in  each  basket  at  first.  The  eggs  of  basket  No.  1  were 
from  tish  that  were  killed  before  spawning.  Those  of  No.  5  were  fertilized  accord- 
ing to  the  dry  process.  Those  of  No.  6  and  No.  7  were  fertilized  by  the  ordinary 
process  nsed  at  Battle  Creek.  Nos.  1  and  7  were  picked  daily.  Nos.  5  and  (J  were 
not  disturbed  during  the  critical  period.  The  number  unfertilized  among  the  dead 
eggs  was  not  determined  l>efore  the  twenty -eighth  day;  therefon>  the  last  item  of 
the  table  is  only  relative.  To  get  the  true  percentage  of  unfertilized  eggs  it  would 
probably  be  about  right  to  double  that  given.  (It  can  be  determined  whether 
addled  eggs  are  fertilized  by  putting  them  in  about  tS  j>er  cent  acetic  acid.  The  yolk 
of  the  e^g  becomes  clear,  and  the  embryo,  if  there  be  one,  turns  white.  A  strong 
solution  of  common  salt  will  clear  addled  eggs,  but  it  also  disintegrates  very  young 
embrj^os.) 

Even  after  the  critical  period  has  passed,  the  most  careful  handling  kills  some 
fertilized  eggs.  Several  tests  show  that  from  10  to  20  jwr  c<*nt  of  the  loss  after  the 
critical  period  is  in  fertilized  eggs  that  have  been  killed  in  handling.  They  should 
therefore  be  disturbed  as  little  as  possible. 

Fuiigus  hi  tlie  luiMiery, — Fungus  is  a  considerable  pest  in  a  hatchery,  but  the  loss 
of  eggs  at  Battle  Creek  traceable  to  this  cause  is  very  small.  Numerous  experiments 
were  made  in  order  to  determine  if  the  fungus  would  attack  and  desti*oy  living  eggs. 
Only  on  one  occasion  have  I  found  a  live  egg  attacked  by  fungus.  This  one  had 
a  few  filaments  of  fungus  growing  on  one  side,  and  the  egg  had  Ix^gun  to  dic^  where 
the  fungus  was  attached.  Whether  the  egg  had  start^Hi  to  die  Iwfore  the  fungus 
attacked  it  or  whether  it  was  attacked  first  I  can  not  sav,  but  all  other  observations 
and  experiments  indicate  that  the  fungus  attacks  only  the  deml  eggs. 

Fungus  grows  rapidly  on  dead  eggs,  and  the  filaments  extend  in  all  directions 
and  entwine  the  adjacent  eggs  in  a  thick  mat.  This  interrupts  the  circulation  of 
the  water  and  often  smothers  the  eggs  so  matted.  When  eggs  are  smotheivd  the 
embryo  turns  white  before  the  yolk  becomes  addled,  so  that  death  from  that  cause 
can  be  distinguished. 

At  Battle  Creek,  in  1897  and  1808,  the  baskets  of  eggs  were  gone  over  on  the 
second  and  third  days  after  spawning  and  all  of  the  dead  eggs  picked  out.  They 
were  not  disturbed  again  until  after  the  critical  i)eriod,  or  about  the  twentieth 
day.  This  method  was  followed  even  where  baskets  (size,  23  by  15^  by  r>  inches) 
contained  40,000  eggs  each.  The  number  of  eggs  that  died  after  the  third  day  wjis 
small,  and  at  the  "breaking  out,"  that  is,  the  first  picking  after  the  critical  period 
at  about  the  twentieth  day,  the  few  dead  eggs  were  found  scattered  here  and  there 
through  the  baskets.  Each  dead  egg  was  covered  with  fungus,  the  tilaments  of 
which  had  entangled  the  live  eggs  lying  in  its  immediate  neigh borhoinl,  holding  them 
together  in  a  bunch.  It  was  seldom  that  more  than  fifteen  eggs  were  held  togc^ther 
in  such  a  bunch,  and  the  dead  eggs  never  exceeded  three  or  four. 

Such  treatment  is  not  recommended  for  other  stations,  as  the  difference  in  the 
character  of  the  water  supply  makes  it  necessary  to  carry  on  separate  investigations 
for  each  station  in  order  to  determine  methods  of  treatment. 

The  reason  Battle  Creek  is  so  free  from  fungus  is  that  the  water  contains  a 
considerable  quantity  of  silt  or  dirt,  and  if  the  eggs  aix?  left  undisturbed  a  couple 
of  days  they  become  covered  with  a  fine  sediment.  This  coll(H*t«  on  the  fungus, 
which  acts  as  a  kind  of  filter,  making  of  it  a  black  nunldy  mass  and  impeding  its 
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in^>wth.  Clay  or  other  dirt  free  from  organic  matter  is  often  mixed  in  the  water  to 
destroy  a  growth  of  fungus  on  fry. 

While  carrying  on  the  experiments  at  Pacific  Grove  in  January,  1S!K),  when 
they  were  3H  days  old  the  fry  were  attacked  by  a  ver}'  serious  growth  of  slime,  some- 
times called  gill-fungus  by  fish-culturists.  This  slime  was  composed  mostly  of  a 
microscopic  unicellular  animal  with  a  silicious  shell,  belonging  to  the  order  Flagt-l- 
laUe,  Some  other  microscopic  animals  and  unicellular  plants,  such  as  diatoms,  were 
present.  The  slime  collccte<l  on  the  gills  of  the  fish  and  killed  about  two-thirds  of 
them.  They  wen*  treate<l  with  a  '25  per  cent  mixture  of  sea  wat«r,  which  was  very 
effective.  Those  which  had  iK^en  i*emoved  to  a  mixture  of  sea  wat^r  l>efore  the 
appearance  of  the  slime  were  not  affected  at  all. 

It  must  not  be  supposed  from  the  statements  given  above  that  hatching  troughs 
and  baskets  must  never  }ye  touched  during  the  critical  period,  nor  that  fungus  is 
the  onlv  disease  to  which  salmon  ova  and  the  alevins  are  liable.  As  has  been 
stated  above,  I  am  not  giving  a  general  method  of  fish-culture,  but  an  account  of 
certain  investigations.  If  the  deposits  of  sediment  on  the  eggs  and  troughs  show 
traces  of  decaying  organic  matter,  especially  if  there  is  a  growth  of  slime  on  the 
Sides  of  the  trough,  everything  must  \ye  cleaned  immediately.  There  is  no  doubt 
tlmt  microscopic  plants  and  animals,  such  as  bacteria  and  those  mentioned  above 
as  having  injured  the  fry  at  Pacific  Urove,  are  very  injurious  to  the  eggs,  alevins, 
and  fry  and  must  l>e  scrupulously  guanled  against. 

THE  ALEVIN. 
UNDER   NATURAL   UONDITIONS. 

The  eggs  that  are  not  destroyeii  in  one  way  or  another  when  deposited  by  the 
spawning  tishes  lie  among  the  rocks,  where  they  lo<lge  and  hatch  in  from  6  to  9 
weeks,  the  time  dei)ending  on  the  tem'perature  of  the  water.  The  alevins  also 
remain  among  the  rocks  at  the  lj<jttom  for  a  few  weeks,  and  their  movements,  slight 
though  they  are,  expose  them  greatly  to  such  fish(»s  as  the  sculpin  and  trout.  Dur- 
ing this  time  tin*  yolk  supplies  them  with  what  nourishment  they  need,  but  about 
four  wecivs  after  hatching  the  quantity  of  yolk  has  become  so  small  that  it  is  not 
absorl)ed  rapidly  enough  by  the  l)loo<l  to  meet  the  needs  of  growth.  At  this  time 
also  the  alevin  is  able  to  swim  a  little,  and  it  frequently  leaves  the  l)ottom  to  snap 
at  some  floating  object.  Its  movements  are  necessarily  awkward  on  account  of  the 
unabsorln^d  yolk,  and  it  therefore  attracts  predaceous  fishes.  This  is  the  most 
critical  i)eriod  in  the  life  of  the  salmon  aft<?r  hatching.  The  yolk-sac  disappears 
entirely  at  the  age  of  5  or  <*>  weeks,  when  the  young  are  known  as  fry.  ITiis  is  the 
age  at  wliich  they  begin  feeding. 

OBSERVATIONS   ON   ALEVINS   ARTIFICIALLY    REARED. 

Gencrdl  (icconnt. — In  December,  1S1)6,  855,000  eyed  eggs  were  shipped  from 
Battle  Creek  hatchery  to  Bear  Valley  hatchery  in  Marin  County.  Here  they  wen* 
hatched  early  in  February,  1897,  under  the  care  of  Mr.  Frank  Shebley,  of  the  Cali- 
fornia Fish  Commission.  After  the  yolk-sac  was  al)SorlH*d,  which  was  al>out  35 
days  later,  they  were  fed  for  a  few  days  on  curds  of  milk,  and  then,  in  the  second 
week  of  March,  were  turned  into  Pai)er-mill  Creek  and   its  tributaries,  Nicasio, 
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Olema,  and  Hatch(^ry  eiiH^ks.  Tho  fry  were  strong  and  liealthy,  and  wen*  turned 
into  the  stroains  in  the  best  of  condition.  The  younjj  salmon  were  watched  day 
aftc»r  day,  and  systematic  observations  were  made  of  their  movements,  ha])its, 
enemies,  and  rate  of  growth.  The  work  wiis  first  begnn  by  the  United  States  Fish 
Commission  and  carried  on  until  the  middle  of  May.  After  a  break  here  of  thrive 
weeks  the  California  Stato  Comnussion  carried  it  to  completion. 

In  the  winter  of  1807-98  eggs  were  again  shipped  from  Battle  Crc»ek  to  Hear 
Valley.  This  time  the  numl>er  was  increased  to  2,()0(),00(^,  necessitating  the  plant- 
ing of  the  alevins  as  soon  as  they  l>egan  to  hatcli.  All  wen*  planted  l)efore  the 
yolk-sac  was  absorbed.  This,  when  taken  in  connection  with  the  previous  year's 
work,  gave  an  opportunity  to  study  the  (?ouiparative  efTect  iveness  of  planting  alevins 
and  fry.  The  ah^vins  w(»re  transiKirted  fi*om  the  hatchery  t^)  tlie  i)lan ting-grounds 
in  20-gallon  cans.  It  was  possible  to  carry  4rO,(MK)  alevins  in  such  a  can  for  two  horn's 
at  a  temperature  of  40"  without  loss,  though  20,000  or  30,00i)  to  the  can  was  the  usual 
numlx'sr  carried.  Tliey  were  carried  by  wagon  or  rail  as  the  case  re(iuire<l.  A 
wagon  was  found  to  be  preferable,  the  jolting  lK>ing  an  advantage,  as  the  splashing 
in  the  cans  kept  the  water  w(^ll  aerated.  If  the  road  was  smooth  or  if  carried  by 
rail,  the  water  hail  to  Ik>  aerated  frequently,  and  it  was  necessjiry  to  put  fewer  in  the 
can.  Although  alevins  appear  to  be  very  delicat<\  they  stand  transiH)rtation  mueh 
l)etter  than  fry,  and  a  much  larger  number  can  bo  safely  carried  in  each  can. 

Paper-mill  Creek  and  its  tributaries,  where  the  young  salmon  wei-e  phintcKl,  were 
never  visited  by  the  quinnat  salmon.  This  was  one  reason  that  they  were  selected 
for  the  experiment,  as  any  young  of  that  siK»cies  that  w<^  might  tlnd  would  be  known 
to  have  Ixien  planted  there.  The  streams  are  rich  iu  aquatic  insect  life,  alTonlingan 
abundance  of  food  for  the  salmon  fry.  Trout  and  sculpins  {Cotius)  are  the  only 
i)redaceou8  fishes.  The  streams  do  not  flow  directly  into  th(»  ocean  but  through 
several  miles  of  brackish  tidewat-t»r  into  Tonmles  Bay,  and  the  tninsition  froui  fresh 
to  saltwat4»r  is  very  gradual,  removing  the  danger  of  the  fry  biding  rushed  too  (quickly 
from  river  to  ocean  wat<»r.  It  was  thought  that  if  the  fry  could  thrive*  in  these 
streams  and  jmss  suc(»essfully  into  salt  water  it  would  be  of  a<lvantage  to  utilize 
coast  hatcheries  and  plant  in  the  smaller  streams,  where  tin*  young  salmon  would 
not  be  subjectcHl  to  their  siii)posed  enemies  during  the  hmg  journey  from  the  Upper 
Sacramento  to  the  sea.  Tin*  thing  feannl  in  the  experiment  was  that  the  streams 
would  prove  too  short  and  that  the  young  salmon  would  arrive*  at  salt  water  lH*fore  t  hey 
were  ready  t^)  conform  to  the  conditions  of  life  they  >vould  hav<^  to  encounter  then*. 

Observations  indicate  that  fry  can  1k>  as  safely  planted  in  PaiM*r-mill  Creek  and 
its  tributaries  as  in  the  Sacramento  River,  and  they  reach  the  ocean  six  weeks  (*arlier. 
If  it  is  true*,  as  the  exiwriments  made  at  the  Clackamas  hatchery  in  Oregon  indit'aU*, 
that  most  of  the  salmon  return  to  fresh  watc*r  to  spawn  aftitr  l)eing  in  the  o(*ean  two 
years,  a  diflTen^nce  of  one  or  two  mouths  in  the  time  of  i*eaching  the  ocean  is  worth 
considering.  If  the  full  growth  is  attained  in  24  to  'M\  months,  the  average  gain  in 
weight  is  from  12  to  16  ounces  a  month.  As  the  gain  is  necessarily  slight  at  fli'st,  it 
must  be  much  more  than  a  jiound  a  month  later.  Any  extension  of  time  for  living 
in  salt  water  is  an  increase  of  the  rapid-growing  perio<l,  as  the  early  p(»riod  of  slight 
increase  in  weight  must  l)e  passed  through  in  any  case.  This  argument  holds  good 
only  on  the  supposition  that  the  individual  would  leave  the  oceau  in  a  i)arti<*ular 
month.     But  the  groat  variation  in  the  time  in  which  the  Sacramento  salmon  leaves 
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tne  ocean  makes  it  quite  certain  tliat  the  lime  is  determined  by  other  influences  than 
the  season.  If  so,  it  is  doubtful  whether  those  planted  in  Pai>er-mill  Creek  would 
have  any  advanta-ge  over  those  i>lanted  in  the  Sacramento  River. 

PlaniiiKj  aJvvins. — Alevins  on  l^eing  lil)erated  in  swift  wat^r  swim  frantically 
and  scatter  in  all  directions  as  they  are  swept  downsteam.  Most  of  them  seek  the 
bottom  and  crowd  into  crevices  between  the  pebbles  or  get  into  quiet  places  under 
or  iKdiind  large  l>owlders.  Others  find  their  way  into  still  water  along  the  edge  of 
the  stream,  where  they  remain  exposed  io  view.  In  moderately  swift  wat<»r  some 
find  a  Icxlging- place  on  the  bottom  or  near  the  shore  Ix^fore  the}'  have  been  carried 
a  hundred  feet  downstream,  and  it  has  to  \)i^  very  swift  water  that  will  c^irry  them 
a  hundred  yards.  For  several  hours  aft^r  lx*ing  plant-ed  in  swift  water  many  of 
them  keep  moving  alK)ut.  Often  the  place  where  they  first  lodge  is  too  much 
exposed  to  tlie  curivnt,  and  they  are  rei>eat'e<lly  swept  downstream,  lodging  here  and 
there  for  a  few  moments,  until  they  finally  reach  a  quiet  place  where  they  can  stay. 
After  a  few  hours  this  moving  al>out  ceases  and  they  remain  quiet,  retaining 
their  places  for  at  least  several  days.  In  one  instance  G0,()0()  alevins  were  lil>erated 
on  a  very  swift  riffle  in  Sacramento  River  2(X)  yards  above  a  quiet  pool.  The  riffle 
was  shallow,  at  no  pla(*e  over  a  foot  deep,  but  so  swift  as  to  make  it  almost  impos- 
sible for  a  pei"son  to  stand.  The  alevins  all  found  shelter  l)efore  they  were  carried 
a  third  of  the  distance  to  the  pool.  On  visiting  the  riffle  a  day  later  none  could  be 
found  much  over  a  huntlred  3'anls  l>elow  the  place  of  planting  and  none  was  found 
in  the  pool  below,  which  was  seined  thoroughly.  All  had  found  sheltered  places 
and  had  ceased  to  move  down  with  the  current.  When  alevins  are  plant-ed  only  a 
few  yards  alK)ve  a  pool,  even  in  moderately  quiet  water,  large  numbers  will  drift 
into  it,  where  they  remain  if  the}'  are  not  eaten  by  trout  or  other  fishes. 

When  alevins  are  liberated  in  a  pool  or  pond  they  at  first  scatter  out  near  the 
surface,  but  soon  settle  to  the  bottom,  where  they  keep  up  a  constant  wriggling  of 
the  tail  and  pectoral  fins.  Within  a  day  or  so  they  collect  in  bunches,  appearing 
as  brilliant  salmon-colored  blotches  over  the  bottom  of  the  pond.  The  constant 
motion  of  the  individuals  stirs  up  the  silt  until  it  is  washed  away  from  them  and 
each  bunch  i*ests  on  the  solid  Ijottom.  Alevins  in  a  hatchery,  by  this  constant 
motion,  keep  the  hatching-trough  free  from  sediment. 

During  a  fri»shet  at  the  California  State  hatchery  at  Eel  River  a  thick  sediment 
of  sand  was  washed  into  the  hatching-troughs  and  came  so  fast  that  the  alevins, 
just  hatched,  were  unable  to  keep  it  from  settling.  It  covered  the  bottom  of  the 
troughs  to  a  depth  of  '2  inches,  l)ecoming  hard  and  compact.  The  alevins,  instead 
of  being  covered,  were  found  above  the  cement-like  deposit,  and  none  of  them  had 
been  lost.  This  interesting  incident  demonstrates  their  ability  to  keep  from  being 
covered  by  sediment  during  a  freshet,  whether  they  be  in  jxHils,  ponds,  or  troughs. 

Alevins  in  the  pond  at  the  Bear  Valley  hatchery  Ix^gan  swimming  about  in 
schools  before  the  yolk-sac  was  entirely  absorbed.  The  presence  of  predaceous 
fishes  might  have  caused  them  to  do  otherwise. 

Enemies. — When  alevins  are  planted  on  riffles  they  are  inclined  to  congregate 
in  eddies  and  sheltere<l  places  behind  bowlders.  In  these  places  several  thousand 
of  them  may  Im?  found  huddled  together  in  a  bunch  plainly  exposed  to  view.  They 
are  not  very  shy  at  this  age  and  do  not  appear  to  tr}-  so  much  to  get  out  of  sight  as 
to  get  out  of  swift  water.    The  brilliant  salmon  color  of  the  yolk  makes  them  very  con- 
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spieuouH,  espeHMally  when  they  eolleet  in  bunehes.  One  »ueh  ])un(*h  in  Olenia  Creek, 
in  which  there  w^ere  four  or  five  thousand,  could  l)e  plainly  seen  from  a  point  50  yards 
distant..  In  such  instanees  they  are  very  much  exposed  to  the  ravages  of  du(*ks 
and  j^eese — both  tame  and  wild — herons,  cranes,  and  other  wading  birds,  and  ev<»n 
of  hogs,  to  say  nothing  of  the  fish  in  the  stream.  Alevins  are  very  tempting  mor- 
sels, and  there  is  scarcely  an  animal  that  will  not  eat  th<Mn  when  given  a  chan(*e. 
However,  most  of  th<?  ah-^vins  (?an  get.  into  crevices  l^^tween  and  under  the  i)ebbles 
and  bowlders,  where  they  are  much  safer  from  the  attacks  of  the  fish  that  may  Ik* 
in  the  stream  than  they  would  Ik»  if  they  were  in  the  pools  or  quiet  places. 

Observations  were  also  made  on  planting  alevins  in  Sullaway  Creek  near  Sisson. 
This  is  a  very  favorable  stream  in  which  to  release  young  salmon,  so  far  as  i^reda- 
ceous  fishes  are  concerned.  The  only  fishes  of  the  stream  are  rainl)ow  trout,  scul- 
pins,  and  quinnat.  salmon  parrs  remaining  from  the  season  before.  The  plants  were 
made  on  the  riffles,  but  as  t,h(»se  were  all  rather  short,  many  of  the  alexins  drift^nl 
into  the  i>ools.  They  were  lil)erated  in  the  morning,  and  in  the  afternoon  the  pools 
were  seined  with  a  small-mashed  net.  The  lish  caught  were  examined  to  find  to 
what  exti^nt  they  had  eat<»n  the  alevins.  The  ivsult  is  shown  by  the  following  table, 
which  gives  the  length  of  each  fish  examined  and  the  contents  of  its  st<mia(*h: 
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In  the  case  of  the  largest  1  rout,  (J  inches  lonir,  7 of  the  17  alevins  were  in  its  thi*oat 
and  mouth.     It  ha<l  evidently  gorg<»d  its(^lf  to  the  limit. 

In  all  cases  wh(»re  salmon  pan's  had  eaten  two  alevins,  the  tail  of  the*  second 
remaiiMMl  sticking  out  of  the  mouth,  their  stomachs  IxMiig  large  enough  toacrcmimo- 
date  only  one.  Th(»  sculpins  also  had  gorged  tlu'iuselves  in  tlie  same  manner.  All 
of  tlH»  tish  caught  were  examined  an<l  only  thive  had  not  eaten  alevins,  InMug  t<H) 
small.  Tliree  alevins  had  l)<»en  <lisgorge<l  by  some  of  tlie  tish.  Kvidently  ah'vins 
are  a  favorite  food  for  trout,  sculpins,  and  salmon  parrs;  and  wh<»n  they  remain 
exposed  to  su(*h  enemies  from  2  to  \  w<»eks,  it  is  a  wond<M'  that  any  eseap<'. 

Alevins  planted  in  the  Marin  County  .stivams  in  ISOS  mot  evon  a  woi-se  fate.  Here 
the  trout  ar4»  more  numerous  and  largtM*.  Tin*  sculpins  are  also  larger  and  more 
abundant.  TIum'c  w<»re  no  salmon  parnsto  f(H»d  on  al(»vins,  but  thei-4»  were  myriads  ()f 
sticklebacks,  whicli,  tliough  unable  to  swallow  an  alevin,  kilU'd  many  by  nibbling  at 
the  yolk.  The  only  other  tish  in  th(»se  streams  was  tin*  roa<*h  (Jintilus  stjinmrfrirn.s), 
which  as  far  Jis  could  l>e  learned  did  not  fe4»d  on  \\u^  aU»vins.     Four  is  a  moderate 
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estimate  of  the  average  nuiiil>er  of  alevins  that  a  trout  will  eat  in  a  day,  at  which 
rate  each  trout  would  destroy  about  150  before  the  absorption  of  the  yolk-sac;  and 
1,0(X)  trout  would  destroy  150,000  alevins.     The  lesson  is  obvious. 

Just  here  it  may  1x3  well  to  state  that  in  1807,  although  only  150,000  try — not 
alevins — were  planted  in  Olenia  Creek,  large  numbers  of  them  were  yet  to  be  found 
in  June  following,  and  ([uite  a  number  in  August.  In  1898,  850*000  alevins  were 
planted  in  Olema  Creek,  and  in  June  following  there  was  a  smaller  number  left  in 
the  stream  than  was  found  in  August  the  year  liefore.  There  are  two  ways  to 
account  for  this.  One  is  that  the  alevins  were  washed  out  to  sea  before  they  began 
swimming;  but  it  is  more  probable  that  they  were  eaten  by  trout  and  seulpins. 

In  the  spring  of  1898,  7,0()(),(K)0  salmon  were  planted  at  the  hatchery  on  Battle 
Creek  about  two  weeks  before  the  yolk-sac  was  absorbed.  Although  trout  are  not 
numerous  there,  the  stream  swarms  with  seulpins  {Cotfus  gidosns)y  salmon  fry 
remaining  from  the  season  before,  Sacramento  pike  {Ptychocheiltis  gran(lis)y  black 
pike  ( Or/7io Jo/j  microlepidofus)^  hitch  {Larinia  exUicanda),  split^tail  {Pogonichthys 
7iiacrolepulotus)y  and  suckers  {Catosfomun  ocvidentalis).  All  of  these,  though  they 
do  not  feed  exclusively  on  animal  matter,  take  salmon  eggs  and  alevins  when  they 
can  get  them.  The  Sacramento  pike  is  very  destructive  to  young  fish.  The  split-tail 
is  the  most  numerous  sjKicies,  and  lives  on  salmon  eggs  during  the  spawning  season. 

Each  day  while  the  hatchery  was  in  operation  the  bad  or  addled  eggs  picked 
from  the  hatching  baskets  were  thrown  into  the  stream.  Usually  the^'^  were  thrown 
into  a  small  brook  near  its  entrance  to  the  creek.  In  a  very  short  time  after 
emptying  a  can  of  eggs  the  split-tails  always  began  to  appear,  running  in  from  the 
creek.  In  a  few  minutes  the  water  would  be  alive  with  them,  almost  a  solid  mass 
tumbling  one  over  the  other,  splashing  the  water  and  crowding  each  other  in  their 
frantic  efforts  to  get  the  eggs,  until  some  were  foi-ced  into  the  mud  at  the  edge, 
while  othei*s  were  lifteil  upward  till  their  backs  or  bellies  were  out  of  water,  or  one 
might  get  into  a  vertical  position  >\ith  its  head  or  tail  out  of  water.  Frequently 
one  would  gorge  itself  till  throat  and  mouth  were  so  full  that  the  passage  of  the 
water  over  the  gills  was  shut  off  and  it  suffocated.  It  usually  i-equired  about  5 
minutes  to  consume  5  gallons  of  eggs. 

Alevins  ai-e  almost  as  helpless  as  eggs  and  fully  as  pahitable,  and  there  can  be 
little  doubt  of  their  fate  when  planted  in  such  an  environment. 

Re^sults  of  observations. — The  egg  and  alevin  stages  are  the  periods  in  the  life 
of  the  salmon  when  the  cai*e  of  the  iish-culturist  Ls  most  needeil.  The  art  of  taking 
and  caring  for  the  spawn  has  been  so  perfecte<l  that  the  loss  in  hatching  need  not 
be  over  10  per  cent,  and  is  often  less.  The  loss  of  alevins,  if  they  an»  retaine<i  in 
the  hatching-troughs  or  nursery  i)onds,  need  not  b<»  over  2  per  cent.  If  the  young 
are  planted  during  the  alevin  stage,  the  loss  is  very  great.  If  large  numbers  of 
alevins  are  released  in  unsuitable  places,  where  the  lK)ttom  is  comparatively  free 
from  stones,  and  where  such  predaceous  fishes  as  the  split-tnil  and  tmut  alK)und,  the 
loss  may  even  be  greater  than  if  the  pan*nt  salmon  had  been  allowed  to  take  their 
natural  course  in  spawning. 

Young  salmon  should  never  Ik*  planted  until  th(»  yolk-sac  has  entirely  disap- 
peared and  their  swimming  power  has  fully  developed,  (»ven  though  the}' have  to  be 
fe<l  a  few  days.     There  is  no  advantage  in  holding  them  after  this  time. 
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THE   FRY. 
NOTES   ON  YOCNQER  FRY. 

PItinting  fry  from  the  hatchery. — Fry  are  tranaportfd  from  llic  hatchery  to  the 
sti-eamu  in  thcHamo  manner  an  already  desorihed  for  alevint),  but  it  is  not  practicable 
to  carrj-  over  10,000  in  a  can,  even  for  a  short  diatauce.  They  require  more  eare 
than  aleviim,  it  being  necessary  to  aerate  tlie  wafer  constantly. 

When  fi-y  are  liberated  in  running  wat«r,  Ihey  imm«<1ialely  head  iiiistreaiii  and 
try  to  stem  the  cun-«nt.  ()win«  lo  tlieii'  bcinjr  more  or  Ivsn  faint  fnnn  conlinenivnt 
in  till!  can  the  current  nearly  always  <iarries  them  downstn-am  a  short  disl^tnt-e,  but 
they  soon  find  their  way  into  the  more  qiiiel  water  along  the  edn<'  of  the  stn>ani,  in 
the  eddies  or  quiet  pools,  or  among  the  stones  at  the  iMittoni.  S<ime  even  move  a 
few  yards  al>ove  the  place  of  planting  l>t'fore  they  come  Ut  ivst.  On  gaining  quieter 
water  they  rest  themselves,  moving  only  enough  lo  keep  from  driftint:  downstream. 
When  ID  such  imsitioii  they  l>egin  feeding  <tn  anj'  partii-les  of  ftxid  that'  float  within 
their  vision,  often  snapping  vicionsly  at  insects  half  as  large  as  themselves. 

In  a  small  stream  tlien-  is  no  marked  tendency  of  tin-  fi-y  to  form  schools,  eiK-h 
appearing  to  act  indeiKsndently;  but  in  a  larger  sln-am,  ami  esiK'eially  in  the  largit 
pools,  they  often  swim  about  in  schools.  II  apjH'ars,  too,  from  our  observations 
in  the  t)acramenlo,  that  they  run  in  schools  after  gaining  the  main  river  in  their 
migration  to  the  sea. 

After  planting,  the  frj-  soon  Itegiu  to  drift  downstream  from  one  resting-place 
to  another.  This  movement  in  small  streams  is  not  in  schools.  If  many  are  plante^l 
at  one  place  the  movement  downstream  is  quite  rapid,  and  within  2i  hours  they  will 
be  scattereil  evenly  ahmg  the  stream  for  over  a  mile  Ik'Iow  the  jdacc  of  planting. 
The  ntovement,  though  marke^l  in  the  daytime,  is  more  general  at.  night.  In  one 
instance  a  screen  was  placed  across  a  small  stream  a  ((uailer  of  a  niih'  below  where 
50,000  fry  were  releaseil.  Although  but  few  reache<l  the  scri.'en  that  day,  the 
following  morning  apparently  every  one  had  reached  it.  (Mher  observations  have 
shown  the  same  thing.  Muddy  water  hastens  the  nuivemeut  downstream,  as  does 
also  high  wat.ur,  which  is  usually  muddy. 

In  Hatchery  Creek,  in  Marin  County,  150, (HK>  fry  10  weeks  ohl  were  released. 
They  gradually  s«'atlered  dowuslream,  floating  t-ail  fli-st.  In  four  or  live  days  they 
were  about  evenly  distributed  along  the  creek  for  1^  miles  ImjIow  the  hat^-hery.  At 
tlie  end  of  this  time  a  net  with  a  10-inch  cireularmoulh  was  plat-ed  in  the  current 
in  the  daytime  with  month  npstreiuii.  In  one  lionr  :(n  (n-  40  fry  were  eauglil.  This 
illustrates  well  the  decideil  movement  downsti-eam  after  planliiig. 

When  released  in  a  large  pool  or  pond  the  fiy  collect  in  schools  immediately 
and  travel  toward  the  inlet. 

In  18»8,  I50,(MK»  alevins  were  placed  in  a  jwnd  at  the  Hear  Valley  hatchery. 
These  remaineti  in  the  pond  without  l>eing  fed  nntil  four  wc-eks  afler  the  absorption 
of  the  yolk-sac,  vVs  it  hail  but  CtHi  square  feet  of  surfaci-  an<l  was  only  :.'  or  ;{  feci 
deep,  there  were  obviously  too  many  in  the  pond  to  do  well  without  l>eiiig  fed.  As 
would  lie  expect^'d,  they  grew  but  little,  though  few,  if  any,  ilied.  Al  llie  end  of 
four  weeks  all  were  very  nearly  of  one  size — 1.4  inches  long.  Those  of  the  sjime 
age  in  the  creek  a  mile  l>elow  the  pond  varied  from  1.5  to  1.1>  inches;  s|)eciTiicns 
from  (Jlema  CIreek  only  two  wtHsks  ohler  weiv  from  2  to  J.4  inches  long. 
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At  any  time  dilrinj^:  the  four  weeks  that  the  fry  were  so  crowded  in  the  pond  they 
could  have  gone  out,  as  the  overflow  trough  was  unobstructed.  Very  few  if  any  of 
them  did  so,  however.  Indeed,  it  wa«  difficult  to  get  them  to  go  out  at  all,  very  few 
esciiping  till  nearly  all  the  water  was  dra\*ni  off.  As  soon  as  they  came  near  enough 
to  the  overflow  to  feel  the  course  of  the  current  they  would  dart  back  into  the  pool 
again.  It  has  often  been  noticed  that  fr}-  have  an  aversion  to  going  over  a  water- 
fall or  swift  rapid.  The  observations  at  Sims  during  the  summer  of  1898  indicate 
the  same  thing.  On  account  of  this,  fr}'  should  not  be  planted  above  falls  or  swift 
rapids,  especially  in  small  streams,  as  it  is  desirable  that  they  should  move  down- 
stream as  soon  as  possi])le. 

Observations  of  a  particular  fry, — Fry  were  observed  daily  from  September  18  to 
Octol)er  .*^,  1000,  in  a  pool  between  a  rock  and  the  shore  in  Battle  Creek.  The  pool 
was  about  18  inches  across,  4  feet  long,  and  2  or  3  feet  deep.  There  was  but  one 
fry  until  the  25th,  when  another  appearetl.  It  is  probable  that  only  two  individuals 
were  seen  during  the  observations,  though  we  can  not  l)e  sure  that  such  was  the  case. 

When  first  seen  the  fry  swam  near  the  surface,  but  after  a  few  days  it  remaine<l 
a  few  inches  below.  It  stayed  most  of  the  time  in  the  rather  strong  current,  and 
was  continually  snapping  at  minute  floating  objects.  When  swimming  near  the 
surface  it  made  from  two  to  ten  strikes  a  minute.  Observations  could  not  be  made 
so  easily  after  it  began  swimming  deeper.  It  was  seen  to  make  at  least  150  strikes, 
but  each  time  whatever  was  caught  was  immediately  ejected.  Apparently  it  had  to 
make  a  great  many  efforts  l>efore  finding  anything  edible. 

One  of  the  fry  was  seen  to  leave  the  pool  and  resume  its  migration.  It  had 
been  in  the  lower  portion  of  the  i)ool  all  day,  and  as  evening  approached  allowed 
itself  to  be  carried  down  into  the  shallow  and  swift  water  of  the  outlet,  always 
keeping  its  head  upstream.  Several  times  it  was  carried  halfway  through  the  out- 
let, but  darted  back  into  the  pool.  Once  it  got  entirely  through  the  outlet  and  into 
the  dei^p  water  below  the  rock  and  then  darted  bivck,  but  finally  it  was  carried  out 
into  the  main  cuiTcnt,  tail  first,  and  was  lost  sight  of. 

Enemies. — Asalrea<ly  stated,  855,CHK)  young  salmon  were  planted  in  the  streams 
of  Marin  County,  Cal.,  in  181)7,  after  Imving  been  kept  in  the  hatchery  until  the 
yolk-sac  was  absorbed  aud  they  had  iK^gun  to  f(»ed.  In  order  to  determine  to  what 
extent  they  were  preyed  upon  by  the  other  fishes  of  the  stream,  large  numbers  of 
trout  and  a  few  sculpins  were  caught  and  examined,  lx?ing  the  only  fishes  in  the 
stream  that  could  Ije  suspected  of  eating  salmon  fry.  Beginning  at  the  time  the 
plants  were  made  and  continuing  for  three  wec*ks,  30  or  4()  trout,  ranging  from  0  to 
10  inches  in  length,  were  daily  caught  and  examined.  In  not  one  instance  had  a 
salmon  been  eaten.  The  only  fish  eaten  by  them  was  the  small  minnow  {Rutihis 
synimetricus),  and  no  more  than  10  of  these  were  found  in  al>out  70()  trout  examined. 
Of  the  sculpins  {Cottu.s  yulosu.s)^  only  25  of  size  large  enough  to  eat  a  salmon  Hy  were 
cauglit.     None  of  these  had  eaten  fish  of  any  kind. 

In  1808,  after  the  3'oung  s^ilmou  planted  that  year  had  al)sorl)eil  the  yolk-sac,  a 
number  of  trout  were  examined.     None  were  found  to  have  eaten  salmon  fry. 

On  one  occasion  a  small  i)ool  8  feet  across  an<l  about  IS  inches  deep  was  seined. 
Over  KK)  young  salmon  were  caught,  averaging  2.1  inches  in  length.  Along  with 
them  alx)ut  a  dozen  trout  from  6  to  8  inches  long  wen*  tak<Mi.  It  would  seem  that 
if  ever  trout  ate  young  salmon  it  would  be  here.     These  trout  were  examined,  and 
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it  was  found  they  had  eat<*n  only  caddis  larvae  and  periwinkl<^s.  On  the  Upper 
Sacramento  River  I  have  examined  many  trout  taken  whih*  the  stream  was  full  of 
the  small  salmon  fry,  but  have  never  found  that  they  had  eaten  younjr  salmon. 
The  same  is  the  ease  witli  the  sculpin,  and  these  are  the  only  fishes  to  be  feared  in 
the  Upper  Sacramento.  Farther  down  stream  many  of  the  smalh»r  Sa<*ramento  pike 
have  been  examined,  but  none  of  them  were  guilty  of  eating  young  salmon. 

In  the  spring  of  1S9*J,  while  observing  the  migrati<m  of  1hesalm(»n  fry  on  the 
lower  Sacrament^)  River  by  means  of  a  fyke-net  trap,  we  occasionally  caught  (*at-fish 
along  with  the  3'oiing  salmon.  In  every  cas(?  it  was  found  that  tlu»  cat-lish  had 
eaten  salmon  fry.  Their  capacity  for  young  salmon  was  great t»r  even  than  that  of 
the  trout  for  alevins.  Several  (*at-fish  i)  inch(»s  in  length  were  found  with  over  0() 
salmon  fry  in  their  stomachs,  and  one  of  this  sjime  size*  had  eaten  Stl  of  the  fry 
which  averaged  a  little  over  l\  inches  long.  To  d<^t<M'mine  whethiM*  the  cat-fish 
captured  the  fry  (mly  while  in  the  bag  of  the  net  we  caught  nearly  /in  with  hook  and 
line.  The  stomach  of  none  of  them  containe<l  a  young  salmon.  Thus  it  is  evitlent 
that  the  cat-fish  likes  salmon  fry  and  wouhl  catch  th<Mn  regularly  if  it  could.  It  is 
too  sluggish  a  fish,  however,  to  catch  salmon  fry  under  (»nlinary  circumstances. 

The  only  other  fish  at  all  likely  to  pr(\v  ui)on  the  young  salmon  in  fresh  wat4»r 
is  the  striped  bass  {Rocrus  Uneafu.s),  which  is  found  in  the  lower  river  and  in  large 
numters  in  the  brackish  wator  of  Suisun  liay.  It  is  also  found  in  San  I^iblo  and 
in  San  Francisco  bays.  I  have  no  information  on  the  subject,  except  that  tlie 
striped  bass  preys  to  a  large  extent  on  the  carp  in  the  sloughs  of  the  lower  rivers 
and  in  the  salt  or  brackish  water  feeds  almost  exclusively  on  small  (M'abs.  It  is 
significant,  however,  that  both  striped  bjiss  and  salmon  aiv  increasing  in  numbers 
in  California  waters,  the  former  enormously,  and  it  can  not,  therefon*,  be  very 
detrimental  to  salmon.  Young  pike,  suckei's,  and  split -tails  aiv  abundant  in  the 
waters  inhabited  by  the  bass,  and  all  are  sluggish  in  comparison  with  the  Siilnioii. 
It  would  seem  that  young  salmon  would  l)e  the  last  fish  upon  which  tln\v  wouhl  prey. 
A  young  salmon  is  very  active  and  strong  and  much  moiv  shy  than  ev(Mi  a  trout  of 
same  size;  after  it  luis  l)egun  to  swim  about  and  feed  it  is  perfectly  nh\o  to  tak<»  care 
of  itself,  and  the  number  kille<i  by  enemi(»s  in  t.lu»  Sacramento  is  very  small. 
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In  Olenid  Creek. — The  fii'st  year  at  Olema  15(),(HM)  fry,  and  the  sectmd  y<»ar 
S5(),(H)()  alevins,  were  nde*isc»d  in  Olema  C-reek.  The  stream  was  s<»in<'d  about  a 
month  after  the  fry  wen*  i)lant4*d  in  1SJJ7,  and  in  ISDS  about  a  monlh  after  th<^  time 
when  the  fry  should  have  lH»gun  swimming.  Very  few  young  salmon  were  takcMi  in 
either  year,  and  the  results  show  that  over  'Jo  iM»r  cent  had  left  th<»stn»ani  within 
the  month. 

Batile  Creek  station. — The  observations  in  Battle  Creek  were  mado  while*  we 
W4M-e  engaged  wit h  the  hatchery  experiments  during  October  and  Nov4MiiImm\  isiis. 
In  obtaining  datia  concerning  the  3'oung  salmon  we  used  a  oo-foot  seine  such  as  was 
(employed  in  nearly  all  of  the  investigations;  but.  the  most  im|M)rtaiit  devicM*  {'or  this 
work  was  a  trap  which  caught  the  young  salmon  as  they  were  going  downstream. 
The  trap  was  made  by  sewing  a  piece  of  lin(^-mesh(Hl  webbing  a<*n)ss  the  mouth  of 
the  bag  of  a  .*K)-foot  seine  and  fixing  a  funnel  to  extend  baek  into  the  bag  fn»ni  the 
middle  of  the  webbing.     It  was  set  in  a  strong  current  just  Im»1ow  the  upper  ra(*k  at 
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the  Battle  Creek  fishery,  with  the  wings  extending  obliquely  upstream,  their  ends 
being  about  10  feel  apart.  The  fish  were  deflected  by  the  wings  to  the  middle  por- 
tion of  the  net,  and  found  their  way  through  the  funnel  into  the  bag.  No  effective 
means  could  be  devised  to  pi-event  the  funnel  from  l)ecoming  choke<l  with  leaves  or 
other  trash,  which  often  happened  within  an  hour  or  two  after  the  net  was  set. 
There  were  many  adult  salmon  Ix^low  the  rack,  and  the}'  often  tore  the  net  with  their 
teeth  and  frequently  got  fast  in  the  funnel.  Part  of  tlie  time  the  net  was  set  during 
the  day,  more  often  <luring  the  night.  Sometimes  it  was  si»t  for  only  an  hour  or  two 
during  the  night.  The  following  is  a  record  of  the  catch,  showing  the  date,  the  time 
of  day,  and  the  numlKjr  and  size  of  the  fry  taken: 

Record  of  salmon  fn/  taken  in  trap  at  Battle  Creek  ftsJu^,  Oct.  7  to  Nov.  So,  1S98. 


Dat«». 

Timf. 

Day 

Night 

"KTj-i 

Size. 

.wo.  1 

1.4 

1 
0 

1.5 

1.6^ 

1.6    1.7 

1.8 

4.0    4.3 

1 

4.6 

4.7 

4.8  .5. +  1  6.2 

1 

8 

5      ... 
1    .... 

3  1... 
17  ;    3 

!      o'.... 

5 
1 
2 

8 

» 

do 

1 

11 
12 

do 

do 

Day 

Night 

Day 

Night 

1 
5    .... 





1 

1 

13 

!    0 :::: 

5 

j 



....      2 

14 

.      10       2 
0    .... 

« 

■ 

1. 



2 

1 

m 

Day 

Night 

Day 

Night 

17 

H       2 
'        0    .... 

3] 

1 

' 

i  1 

«    .... 

11    .... 

(1    .... 

2 

8 

-2j;::: 

1 





....      4    .... 
....      1    .... 

21 
24 

do 

Day 

Night 

5-  9 1),  m 

Night 

do 

Diiy 

Night 

*»        .... 

4     ... 

B  ..... 
tt    .... 
(»    .... 

1 
2 
2 

1 

25 

1    .... 

4    i      .. 



1    .... 

1 

Nov.  12 

4    .... 

\'.i 

2tl      2 
27 

11) 

8 

17 

fi 

8 

5    

1 



14 

do 

H-9  p.  m 

:^4a.m 

4  >j  a.  m 

12  la. in 

do 

1  2a.  m     

1 

17 

17       .. 
H3     12 
«    . ... 

.![  . 

151 
0      ... 

:f7 

1 

21 

27       1 

»» 

24 

5 

2H 

■ 

27 

2  Wu.m ... 

..   ..do 

1-2  a.  m 

H  liji.m 

Total 

2K 

0 

31) 

4«»        .. 
24        .. 

.      2:^ 

l(ll» 

4« 
24 

5:i      1 

.... 
1 

■ 

1 

144 

'• 

! 

NoTK.    Th«*  inimlKTM  in  the  (M»iumu  ht'aded  1.5  ♦  and  5.  i-  indicate th(>nDml>ertak«^n  that  wen*  aliont 
l..">  inrht's  long,  or  aUmt  5  inrlu«s  long,  a.**  th«.»ra«.»  may  l>e,  but  wen*  releese<l  without  meaj«uring. 


From  the  preceding  reconl  it  will  l>e  seen  that  all  of  the  fry  (not  including  the 
pan's)  were  practically  of  the  same  size,  1.5  inches  long.  Of  the  .'522  fry  examined, 
only  two  were  over  1.0  inches  long,  one  being  1.7,  the  other  l.s.  The  1.5-inch 
specimens  had  just  absorlxnl  the  yolk-sac.  Indee<l,  there  was  often  a  small  amount 
of  yolk  remaining  in  the  body,  although  the  sac  had  disapi)eared.  The  size  of  these 
specimens  shows  that  they  l)egin  their  downstream  migration  as  soon  as  they  begin 
swimming,  or  at  the  age  of  six  weeks;  their  continuing  the  siime  size  4luring  the 
two  months  shows  that  practically  all  start  downstn»am  at  the  siune  age.  If  part 
of  them  had  h«»ld  l)a<*k  for  two  or  three  weeks,  this  would  have  l>een  indicated  bv 

7  ft 

a  greater  variation  in  size. 
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The  record  also  shows  that  ordinarily  the  yotin)^  Baliuon  travel  at  night.  The 
trap  was  so  set  that  they  could  not  have  avoirtetl  it  had  they  traveled  during  the 
day.  That  they  can  ho  caught  during  the  day  is  proved  by  their  being  taken  in  the 
ojien  tow  net  set  in  Hatchery  Creek,  as  noted  al>ove,  under  "Planting  fry  from 
the  hatchery."  Fry  were  soon  quite  often  lying  in  aptwl  near  tlieshore  during  tlioday, 
and  were  seen  to  rise  to  small  insects  that  liglitWl  on  the  water.  Tliej-  probably  feed 
more  during  the  day,  which  makes  their  migration  slowt-r,  or  stops  it  altogether. 

On  Novomljer  30  there  wa.s  a  rise  in  the  ereek  and  the  water  was  muddy.  The 
catch  from  S  to  !>  a.  m.  was  larger  than  the  average  niglil  e^it'Ch  at  other  times,  showing 
that  high  and  muddy  water  induces  salmon  fry  to  travel  during  the  day.  This  fact  is 
borne  out  also  by  the  work  at  Walnut  ttrove,  an  account  of  which  is  given  )»olow. 

The  gi'eat  variation  of  the  cjitch  when  the  net  was  set  for  an  h<nir  or  two  during 
the  night  indicates  that  they  travel  in  scltools. 

A  trap  similar  to  that  used  in  IrtaSwas  set  in  Battle  Creek  in  liKK)  fnmi  Septem- 
t)er  i;i  to  Oetolier  4.  Salmon  fiy  1.5  inches  long  were  t^ikcn,  two  or  three  at  a  time, 
from  Sei>temberl8on.  TIk- downstream  uugmtiun,  thei-efore,  Ix'gins  at  least,  as  early 
as  the  middle  of  September, 

Adult  salmon  can  be  found  in  some  part  of  llie  river  througlioiit  tlie  year,  and 
the  spawning  season  is  therefore  very  hmg.  It  is  prolmhle  that  then'  are  salmon 
spawning  at  some  place  in  the  river  or  its  trilnitjiries  in  every  month  of  the  year. 
They  are  sjwiwning in  considerable  numl)ers  from  July  till  January,  iiielusive.  With 
such  an  extensive  spawning  pt^riod,  it  is  obviously  diRicnlt  to  separate  the  young 
according  to  size,  and  say  that  those  of  a  certain  size  l>eIong  to  the  spring  or  fall  run 
ofa  certain  year.  Avariatiouinrateofgn)Wth,  noted  elsewhere,  adds  to  the  diflieulty. 
However,  in  the  following  table  of  measui'ements  of  specimens  taken  with  the 
seine  at  llattle  ('recsk  fishery  during  OctolH-r  and  November,  181^,  three  sizes  may 
be  distinguished,  which  doubtless  represent  three  runs  of  adults.  Those  fi-om 
1.4  to  2.2  inches  in  length  wen'  from  the  summer  run  of  IS!»S;  the  :t,7  Uy  4.7  inch 
specimens  from  the  fall  of  1«07  (aiul  thoy  doubtless  wen-  among  the  last  to  hal^ch); 
and  the  r..i>-iueh  specimens  an  earlier  run,  pndmbly  the  summer  run  of  lH!i7. 

MeHKuri'mriilH  »f  yoiuiij  Miliiiirn  liiki'ii  villi  llir  wi'in',  BaHir  Crri-k,  Ortiibt-r  IS  fii  lhi'iniiln-r  I,  IS'.W. 


1.4  ii 


.1    I 


I.HiiK'hMi 

l.TiiK'hw   ... 
lJ<llM<hl11 

Lllllll'lMH.... 

liinhtM 

a.t  IncIwH.... 

sis  t«illtii>-bi« 

AZlwlww  .   .. 


t.4fiu'b<« 


Both  f^i'rnj-'iMioii. — An  ol>servation  station  equipi^'d  wilii  a  trap  similar  to  that 
us<k1  at  Battle  Creek  Cisherj'  wius  established  on  the  river  at  Halls  Kerry,  alsjut  a 
miles  above  the  mouth  of  Battle  Cn'ek.  Oliservatious  were  made  by  Mr.  (.'hauiber- 
lain,  l>eginning  .Fanuary  >i  and  closing  April  ^o,  ISO!).  The  following  table  gives  the 
data  obtained  at  this  station. 


NATVBAL   HISTORY   OF  THE   QUINNAT  SALXON. 


91 


Record  of  salmon  fry  taken  in  trap  at  BalU  Ferry,  Janiuiry  6  to  April  25^  1899. 


Date. 

1 

A.M. 

Catch. 
M. 

1.5 

18 

Size,  inches 

. 

ai 

Aver- 

P.M.  1.4 

4 

1.6 
2 

1.7 

IJH 

'  1.9 '  2.0 

2.1 

me. 

Jan.  6 

24 
37 
14 

:« 

39 

25 

9 

19 

250 
15S 
104 

:« 

56 
42 

K7 

\<i 
173 
Itti 
3SK 
326 
241 
239 
131 
7l» 
lU) 
117 
213 
157 
217 

2:^7 

143 

16:^ 

100 
137 
lUO 

fie 

1 1 
128 
227 

i:j7 

45 
166 
70 
58 
95 

:« 

60 

27 

86 

1U9 

121 

130 

65 

114 

45 

76 

254 

8" 

4  ' 

1 
1 
1 
3 
3 

1 

2 

11 

■    1 
.  .       1 

.!  1.48 

1 

0 

1 

K 

....L... 

9 

1  .... 



— 

1 



1    ; 

10 

.  -_i 

■ 

13 

1      14 

3 

10   7 

iu 

5 

1   1 

1 

'  1.51 

21 
22 

44 
22 

13 

1 

6 

12 

13 

15 

18 

5 

5 

15 

5 

6 

0 

1 

15 

29 

15 

2 

6 

4 

6 

11 

5 

3 

3 
•> 

9 

25 

14 

1  .... 

1 

...1  i  i  ■ .... 
1   ' 

1.53 

23 
24 
25 
2B 

2^t 

1 

1 

1 

1 

1 

I 

■ 

1 

i   ■ 

i 

1    s 

1 

30 

1     :{l 

:«» 

89 

30 

'-...  i.5i 

'  Feb.  1 

....      .  -    

■ 

1   : 

'       2 

4 

2 

0 

t 

r  '  : 

3 

j 

4 

1 

■ 

5 

1  "" 

1 

' 

({ 

2 

t 

» 
10 
11 
12 
13 
14 
15 
1» 
17 
IH 
19 
20 

24 
25 
26 

27  ' 
2H 
Mar.  1 
2 

V 

< 

: L... 

1 

1 

' 

■ 

1 

1 
1 

1 

0 

"'2 
4 
2 

9 

2 

1 

0 

0 

10 

:         i     ■     ! 

, 

1 

1 
....  ....  ....  ....  ....1.. _..... 

...  '..-.  . 

1   .  '  1 

h 

41 

4 

2 

1 

i  1.48 

1 

0 
«2 
70 
61 
61 
45 
41 
12 
28 

14 
14 
29 

31 

28 

15 

10 

13 
0 

i 

:«s 

! 

24  ---- 

. 

14 

1  1 

i 

I 

! 

, 

5 
15 
20 
55 
14 
25 

5 

20 
26 
24 

1 

... 

1 

1 

1 

1 



1 

1 

1 

_  _  _ .  _ 

6 

.... 





1 

1 

29 

'  78 

2:^ 

3   1 

1 

1.51 

H  : 

9 

10 

1      .... 

• 

11 

0* 

t 

12 

1 

■■■-■\■■■- 

, 

13 

11 

0  . 

• 

■ 

14 

. 

15 
21 

:m 

101  j 

88 

13 

:   1  52 

1 
1                               _ 

22 

, 

31 

2 

i5 
0 
0 
1 

1 
0 
0 

1 

Apr.  1 
2 

j    i  i" 

2 

1 

6 

7   1 

1 

1.58 

1 

3 

4 
5 

1   1 

!    0 
0 

1 

1 

6 

' 

:::;i:::: ::::;. ;::..::i 

7 

...  ...^   .(^ 

8 

1 """ 

. . . .  1 

9 

5; 

■  t 

5  i 

1 

1 

0 

II 

2 
1 
0 
0 

10 

1 
0 
0 
0 
(» 

1 

11 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

12 



13 





1 

14 

15 

' 

1 

16 

■   ■   1 
4 

! 

17 

....!.... 

1 

IH 

1 

19 

■| 

20 

' 

i 

21 

■ 

1 

Si 

■ 

23 

24 

, 

£S 

0 

. 

, 

1 

1 

1 

li 
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The  preceding  table  needs  hut  little  explnnation.  It  indieat^'s  that  the  greater 
part  of  the  yoiiug  salmon  from  tlie  fall  run  paflseil  Halls  Ferrj"  Ix-tween  the  middle 
of  January  and  tlie  middle  of  March.  I*nictienlly  all  Im^I  paflRe<l  by  March  20. 
Measurements  taken  January'  (>,  13,  21,  and  ■iO,  Fehniarj- 1!),  Mareh  7, 15,  and  31,  and 
April  1,  3,  3,  and  4  hIiow  that  the  average  size  tif  those  taken  on  the  dates  specified, 
tluring  a  i>erioil  of  3A  months,  varie<l  but  one-tenth  of  an  inch.  The  average  of  all 
measurements  is  1.53  inclies.  No  satisfactory  estimaU'  of  the  numlKT  {wssing  ccmld 
Ik'  made,  except  that  therr  were  pnibably  many  millions.  This  n-eonl  also  pnives 
that  salmon  fr>'  Itegiu  migrating  as  siKin  as  they  an>  able  t4)  swim,  and  that  practi<-ally 
all  start  downstream  at  that  age,  ollicrwise  Ihe  later  ones  would  liave  lM>en  lat^r. 

It  was  also  ascertained  Ihat  a  large  migration  was  not  coincident  with  remark- 
ably high  water,  H  is  prolwible  that  when  the  fry  once  enter  the  main  river  their 
migration  is  not  impeded  by  low  water;  but  it  seems  pntbable,  fi-om  observations 
iiote<1  in  another  plac*'  (see  "  Sumtner  n'sidents")  that  many  of  the  lat^*  fry  that 
hatch  in  the  headwaters  are  detaino<l  tliere  <luriiig  the  snmmer  by  l<»w  water. 

Walnut  Grnre  siniitm. — Our  knowledge  of  migrations  thn>ugh  the  lower  part 
of  the  river  was  gained  froia  the  genend  investigation  i»f  1J*!W,  and  (Specially  from 
obsen-ations  made  by  means  of  a  tiiip  eslablislxHl  at  'Waliiut.  (Jrove  from  .January 
to  May,  1899.  This  trap  was  constructed  especially  for  the  work,  but  was  hardly 
more  efficient  than  traps  mtule  from  seines  and  used  at  Hattle  (-reek  and  ilalls  Ferr)'. 
It  consiste<l  of  a  bag  with  a  short  funnel  Imng  to  a  4-fnot  hoop,  with  wings  20 
feet  long.  At  Walnut  Hrove  the  Sacrament"  nuikes  a  sharp  bend,  <-lmnging  its 
direction  fn>ui  southeast  t^j  s(>iit>hw4>st.  At  this  tH^nd  (ioorgeanna  Klougli  breaks  ofT 
and  continues  the  southeasterly  direction  of  Ihe  river  above.  It  thus  gets  a  large 
amount  of  water,  probably  half  as  muoh  as  the  river  below,  and  is  in  the  <linH't 
path  of  the  migrating  fry.  The  ti-ap  was  set  aliout  150  yards  fn>ni  the  heiid  of  the 
slough,  which  at  that  place  is  about  75  feet  wide  and  15  to  20  feet  deep.  The  Itanks 
are  abrupt  and  covere<l  with  bushes.  One  end  of  the  trap  was  fastene<l  by  a  long 
roiH!  t^o  a  tree  ou  the  Itaiik,  the  other  to  a  buoy  nuchorcd  alKint  the  middle  of  the 
stream.  It  was  souu>times  set  in  other  positions  in  the  slough  or  iu  the  river,  but 
without  results  of  [mrtioular  value.  During  a  sudden  rise  in  the  river  it  etmld  not 
be  s(*t  on  account  of  tin-  great  amount  of  trash  in  the  waU.'r. 

The  following  gives  the  record  of  the  cat*-h.  In  the  colu?un  headed  "A.  M."  is 
given  the  number  of  fry  found  in  the  ti-ap  at  s  a.  ui.,  and  in  the  "P.  M."  column 
the  numlsT  caught  between  noon  and  h  p.  m. 

Reiitnl  iif  mttiiumfry  taken  in  tite  trap  ii^  IViUniif  Gnire.Jiiniiari/  T  In  ifai/  S.  /.V.<(». 


1           Cfh. 

Sl«.,i 

IL.L.-H. 

_.._ 

'a.m 

1.1 

-j'" 

]''  i 

" 

S.3 

i.3 

S.l 

' 

1 

1 

ia!».4  aBa.1.  M 

1 !:::::: 

i 

i 

... 

::: 

■ 

'I  - 

''-'-■ 

i:S 

s 

+    R    M 

l.w   . 

:.i 

1 

.,  -J 
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Recont  i>f  xiilmiia  fry  tukrn  in  Ibr  Inipot  H'alniit  Groiv.  Jauiiar;/  T  In  .V'ry  A',  W)9— Continned. 
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From  lliv  (ijilii  alwve  yiveu  il  will  l)v  twvn  that — 
1.  From  the  mid<lle  of  January  to  tlio  midUle  of  May  ihenj  v 
various  numbers  passing  Walnut  Grove, 
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2.  The  height  of  migration  was  from  March  4  to  alxiut  the  24tli,  about  iO  days. 

3.  On  March  8  and  20  tliere  were  two  laryo  riiiin  of  fry, 

4.  Practically  all  had  pansed  by  tiie  22d  of  April. 

5.  The  average  Mize  of  tliose  Uvkeu  duriiig  January  was  l.fi  inclies,  during 
February  1.8  iiichen,  during  March  1.7  inchcH.  From  the  30th  of  March  till  May  7 
the  8i/«  firadually  increased  from  1.7  inches  to  3  inches. 

C.  No  frj'  were  talien  durinjr  tlw  first  9  days  in  January. 

7.  Young  salmon  traveled  a^  much  during  the  day  as  during  the  nij^lit. 

Comparing  the  information  for  Walnut  (<n»ve  with  that  for  Balls  Ferry,  as 
shown  in  the  accompanying  diagraniK,  plate  12,  it  appears  that  — 

(ft)  Tlie  Ballt)  Ferry  run  of  February  '2  n^achwl  Walnut  (in»vc  Mai-cii  S  and  was 
34  ilays  making  the  dislauce.     The  fry  inci'eaM'd  in  size  n.:(  inch. 

{Ii)  The  Halls  Ferry  run  of  Febniarj'  14  reaclicd  Walnnt  (in>ve  March  '2it,  and 
was  34  days  making  the  distance.     The  fry  increawil  in  size  (1.3  inch. 

{c)  The  runs  that  pa8.se(l  Balls  Ferry  February  2.1,  and  later,  wen-  cauglit  by 
high  water  the  latter  part  of  March,  which  probably  carried  Ihem  downfa.sler.  Tlie 
runs  were  not  noticed  at  Walnut  Grove;  the  net  could  not  Iw  workinl  during  the 
l>eginning  of  high  water,  March  23  to  20,  during  whieh  time  tliey  maj'  have  [mKsed. 

{'/)  The  fry  taken  at  Walnut  Grove  after  April  1  hail  grown  more  than  0,3  inch 
since  starting  downstream,  and  were  therefore  the  stragglers  from  the  regular 
migration.     Those  taken  during  May  had  prolwibly  l»een  three  montliH  on  the  way. 

It  is  evident,  therefore,  that  the  fry  of  the  regubir  migration  re<|uire  al»out  34 
days  t-o  pass  from  Balls  Ferry  to  Walnut  Grove. 

The  distance  l>etweeu  the  two  stations  is  almut  350  miles.  An  object  floating 
as  fast  as  the  current  would  make  the  distane/;  in  almut  !)  dajs.  It  requires  K  days 
for  a  rise  in  the  river  to  travel  from  Ked  Bluff  to  Sacramento.  If  the  frj'  travided 
only  at  night,  and  simjdy  kept  with  the  current,  they  would  make  thi>  distance  in 
18  days.  There  is  no  doubt  that  in  migrating  the  fry  drift  downstream  tail  first, 
keeping  the  head  upstream  for  ease  in  breathing  as  well  as  for  eonvciiience  in  cati'h- 
ing  food  floating  in  the  water.  In  this  way  they  would  drift  much  more  slowly  than 
the  current.  At  Battle  (Jreek  batehcry  fry  have  l»eeu  oliserved  traveling  with  the 
currt^nt,  an<l  always  with  the  beatl  upstream  unless  frightened. 

The  later  and  larger  specimens  found  had  simply  been  limger  ou  the  way.  llie 
larger  they  became  the  more  slowly  they  drifted,  as  they  swam  against'  the  current 
more  strongly.  Those  taken  at  Walnut  Grove  in  January  wci-e  but  I.U  inches  long, 
being  brought  down  by  the  high  water  in  January,  the  short  time  they  had  traveled 
being  indicated  by  their  smaller  size. 

The  failure  to  catch  any  fry  during  1h«  fii-st  '.*  days  in  January  indicates  that  the 
fry  from  the  summer  run  had  all  passed  and  that  those  fnim  the  fall  run  had  not 
yet  reached  Walmit  Gn>ve.  Without  doubt  thcrt^  were  a  few  passing  at  that  lime, 
for  there  were  some  passing  Battle  Creek  as  late  as  Decemlnir  fl,  but  tliej'  were  so  few 
that  none  were  taken  in  the  trap.  It  is  possible  that  there  are  a  few  passing  down 
the  river  all  summer,  though  we  have  been  unable  to  find  any  after  June. 

Ohservatiotui  at  Beiiicia. — Februarj'  21  and  24  and  March  3,  IX'.'ll,  five  siHK-imenH 
1.8  to  l.ii  inches  long  were  taken  in  Caniuinez  Straits  at  Benicia.  The  average  size 
j  at  Walnut  Grove  after  February  l'>  was  l.S  inches  ami  the  size  of  the  Bi'nicia  s|woi- 

mens  indicates  a  short  jmssage  between  the  two  places,  pi-ol>ably  not  over  a  week. 
This  would  make  the  time  from  Battle  Cnn^k  hatchery  to  brackish  water  «  weeks. 


4 

1 

Jam                ^pri/. 

1! 
IS 

li 

S 

I 

3?0 
?90 

e 

i 

1. 

9ML'.g:i3;j  i.i 

j^X-iS 

'(•i.;«i' 

'A 

^YY 

iilr7iiBir,a.;iiMz3wla( 

- 

■  ■    : ! 

- 

^T-r- 

-r 

1 

zi 

■ 

- 

: 

- 

ISO 

- 

_ 

- 

_ 

_ 

_ 

- 

_ 

_ 

^ 

. 

. 

, 

_ 

. 

_ 

_ 

13(1 
120 

ISS 

- 

- 

- 

l- 

- 

- 

^ 

- 

- 

- 

- 

-1 

- 

- 

- 

7t 

l( 

'Tt't  1  1  1  > 

. 

, 

: 

. 

. 

: 

. 

■ 

, 

E^ 

, 

Safmon.    1 

,/^/r//^Ai/ 

Jnr/f 

-~ 

May. 

Size. 

3i.ches. 

.-^lO 

2/nches. 

230 

_ 

_L 

__ 

,_ 

_ 

_ 

_L 

_ 

__ 

!_ 

-\\ 

5 

t 

E  I . 

L 

- 

I-- 

-L 

- 

:   ■   ■ 

4- 

4-i;*t 

f 

T 

H->  H- .  i  i    ,  i 

s. 

/Inch. 

■dOQ 

r^ 

— 

~ 

.  : : 

'nx 

tU  1:  ^^ 

4l    r?    J 

::: 

^: 

',',i 

I 

: 

zi 

: 

^ 

T^^ 

^-' 

ft;  \'  :;~ 

Si^'*  ;■ 

n 

r^ 

i  f 

/so 

- 

- 

-h 

-- 

- 

-l 

-- 

M    ^    1    -- 

r     ,  ■ 

/3Q 

- 

I'- 

- 

- 

4; 

-  t  r    f  -    -  f  r 

ri  :  i  :: 

*-r 

-T   T 

lOO 

, 

__   . 

4_ 

4_  t  -    i- .  i  i  : 

^, 

.:      ,- 

ao 

I 

: 

; 

ll 

:: 

; 

± 

:: 

Tr 

:  >      1:  I  : 

jznf ;  |:: 

la 

fi 

-l    .     '. 

If 

: 

: 

: 

:: 

:: 

: 

- 

1        :    j  J 

r; 

I 

'-1 

H 

0 

1  r    r  !  1  M 

-- 

. 



vrngc  length  ol  llw  Iry  latea. 


i 


i 


■I 


i 


NATURAL   HISTORY    OF   THF,   QFINMAT    SALMON.  95 

General  iin-c.sHijtilion  ihirhi'i  ISOS. — The  followintr  note's  pive  the  data  obtained 
by  the  general  invest  igalion  in  1S!IS. 

Tali}e  Hliiiiriiiij  (jri'tilritt  ii'tnibcr  "f  fn/  tiikxn  at  oin'  haul  of  the  neine. 


Roddi^ 

-n 

RlTer»ttii..ulh. 

h. 

iil»  1 

fiO 

Uii     milm    b>>l- 

w 

Rrii 

tb 

lb 

„t\ 

BotteCity 

station. 

Apr-W 

"KV" 

.„i^«^ 

Prinreton 
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Wlb.)n'«f«rui 

Twuuly       niilw        bal-iw 

KniitbtH  IdDilini! 

111 

SanPabloBsy 

if  i/outig  salmon  fukeit  in  the  Sucnimeiito  Riv 


From  th©  tablen  given  it  will  \>e  seen  that— 

1.  Young  salmon  were  abundant  in  the  river  the  first  of  May,  at  least  Iwtween 
Redding  and  Tehama.  As  a  few  were  taken  at  Sacramento  April  H'S,  A  i»  probable 
that  they  «ei-e  distributed  throughout  the  river. 

2.  The  last  of  May  they  were  nowhere  ao  abnudHut  as  they  had  been  at  Red 
BIutT  and  Tehama  thi-ee  weeks  previously, 

'S.  A  few  were  found  throughout  the  river  May  18  to  -tO. 

4.  The  fry  found  in  tlie  river  in  May  had  an  average  size  of  about  -.2  inches. 

5.  In  July  there  wei-e  no  fry  found  except  u  few  at  Keddiug  and  Battle  Creek. 


96 


BULLETIN    OF   THE    TNITED    STATES    FIMH    (NIMMISSIDH. 


It  in  known  from  I  ho  work  at  B»11h  Fcrrj- in  IS'.'H  that  pniclicKlIy  all  ttm  fry 
leav»  the  rivorltefon*  March  -20.  It  is  evident,  tlH'refnri',  that  the  fry  fi>nn<l  I>etwe«n 
Keddinj!  aiul  Teliaum  in  >fay,  I^OH,  were  the  Mtra^i^lem  left  from  tlie  re^ruhir  migra- 
tion. Their  size,  3.:J  int^Iit-H,  iii-eeliiile«  tlieir  l>eh>iiging  lr>  the  regular  run.  Tliey 
hatl  <'()lleet*<i  in  Ihe  pools  whei-e  we  liid  onr  wining,  as  they  <lo  in  tlie  liea<lwatt>rs 
(luring  tho  snmmer  (soe  notes  on  "SnunnerresidontM"),  wliieh  made  them  apjiearto 
he  more  Hittindaiit  than  tliey  prolmldy  weiv.  Tlie  rise  in  the  river,  whieli  (K'<-urn'd 
from  May  1-')  to  I'ii,  and  (lie  a<-<-'>nipanying  niuddy  water  eansei)  tliem  to  jiass  down- 
stream, 'i'liis  is  indieattnl  Ity  finding  fewer  in  llie  pools  in  Ihe  latter  part  of  May 
(when  migrating  they  would  not  I)0  coUeoled  in  the  ikm>1«)  and  liy  llnding  none  nt 
all  in  .Inly. 

The  CKinditions  in  iHUH  wen'  exceptional  un  account  of  the  early  m-currenee  of  low 
water— from  the  middle  of  March  till  the  middle  of  May — though  (lonhtlesstheiv  ar« 
always  a  few  stragglers  fnim  the  ivgular  migrations.  Tliese  deen-ase  in  number 
and  iucivasti  in  size  (sliglitly)  till  the  rains  of  the  following  winter,  wlicn  all  leave 
t.ho  river. 

In  the  nioiinlHin  .streams  the  young  salmon  prefer  the  ikmiIs,  where  they  are 


ne  in  a  jiool  at  thn 
111  at  all  uneommou 
I  headwaters.     The 

were  wean*ely  ever 


often  abundant.  Nearly  aOi)  wen?  tnken  at  <inc  haul  of  the 
head  of  Ko.\  Canyon,  near  Sisson,  in  August,  181i7,  and  it  wa: 
to  catch  over  a  huuilred  at  a  time  in  many  of  tlie  pools  of 
i:api<ls  have  l>eeii  fished  a  nnmlK>r  of  times,  but.  young  salm 
caught  unless  the  watt'i"  was  at  hnist  il  feet  lieep. 

lielow  Uedding  min-e  salmon  weiv  foiiml  in  the  wat<'i'  with  mothTate  curn'nt, 
gravelly  br>ttoiii,  and  a  depth  of  over  iM  feet,  but  none  was  found  in  al)Soiutely  still 
waiter,  anil  none  over  a  soft  mud  bott.oni.  Not  inueh  seining  was  done  over  r<H'ky 
Ixittoni,  on  aoeonnt  tif  the  stroag  etiri-eiit  and  the  injury  to  the  seine  liy  its  picking 
up  eobltlest lines.  A  few  satni<iii  wen-  eauglil  by  putting  euougli  lloats  on  the  seine 
to  keep  it  at  the  surface  anil  then  hauling  in  water  15  feet. deep. 

The  foUowing  table  indicates  the  various  characters  of  stri'am  in  wliieh  young 
salmon  were  found  in  (be  main  river,  with  the  numlx-r  taken  in  one  haul  of  the  Koine 
under  the  various  iiinditions. 
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Morfin*-nfs  in  f.sfunrtj  nnd  hdij. — Mii<»li  seining  was  done  both  years  at  Oleiiia 
in  Irvinu  t(»  learn  sonietliiiii^  ot*  the  ni(»veinents  <»f  vouu;^  siilmon  in  brackish  water. 
None  was  found  in  is*.»,s.  A  few  were  caught  near  the  mouth  of  Paper-mill  Creek  in 
1807,  and  one  was  taken  -  or  '-)  miles  from  the  mouth  of  the  creek,  across  the  liead 
of  the  bav.  The  net  was  stretched  across  the  mouth  of  the  <'reck  for  15  minutes 
during  the  flotxl-tide,  and  two  salmon  fry  w(M-e  taken,  indicating  that  they  run  ba<*k 
and  forth  with  the  tide. 

The  iishermen  ai  Marshall,  on  Tomales  r>ay,  about  l^>  miles  from  th(»  mouth  of 
Paper-mill  Creek,  reported  having  taken  young  salmon  inconsiderable  numbers  the 
last  of  April,  181»7,  about  50  days  aft^M*  they  were  liberated  in  the  streams  near 
Olema.  At  that  time  the  salmon  were  alxjut  ICX)  days  old  and  were  large  enough  to 
be  taken  in  the  seines  used  by  tlu*  fisliermcn.  Tliey  caught  as  many  as  15  or  iM)  at 
a  haul  for  about  a  week,  and  caught  them  occasionally  till  the  middle  of  June.  \ 
think  the  report  reliable,  as  tlie  salmon  was  a  new  fish  for  the  bay,  and  would 
attract  much  attention.  This  indicates  that  the  fry  may  reach  the  ocean  at  the  age 
of  three  montlis.     The  water  at  Marshall  is  pure  sea  water. 

Specimens  liave  been  taken  in  brackish  water  in  Suisun  and  San  Pablo  bays, 
but  not  enough  to  determine  their  movements.  A  f(»w  about  10  weeks  ohl  have  been 
taken  at  Beni(*ia  in  water  that  was  about  -0  i)er  cent  sea  water. 

Effirt  of  sea  wafer  on  alevins  and  fry, — To  determine  the  effect  of  sea  water  (m 
alevins  and  fry,  i25,(>(Mj  eyed  eggs  were  taken  from  Battle  Creek  liatchery  to  t,he 
Hopkins  S4»asid(»  Laboratory  at  Pacific  (irove.  The  eggs  were  received  at  the  labora- 
tory December  lo,  ISOS,  and  most  of  tliem  liatched  on  the  17th,  which  date  was  taken 
as  tlie  basis  for  determining  their  age  in  the  various  experiments.  Those  not  being 
experimented  with  were  cared  f  )r  as  alevins  ami  fry  ordinarily  nn\ 

The  first  exi>eriments  were  made  by  putting  a  few  alevins  directly  from  fresh 
water  into  batt<*ry  jars  filled  with  various  mixtures  of  fresh  and  sea  water.  In  the 
later  experiments  glass  tanks  2  and  3  feet  long  were  used,  and  the  water  was  kept 
running.  The  experiments  were  begun  when  th<»  alevins  were  <>  days  old.  It  was 
found  that  at  this  age  they  could  live  in<lefinitely  in  water  that  was  25  per  cent  sea 
water.  Those  about  40  days  old  could  live  in  50  [nn*  ct»nt  sea  water,  and  at  50  days 
75  per  <*ent.  Those  GO  days  old  couhl  live  in  l»5  i)er  cent,  though  there  was  consid- 
eni])le  h>ss.  Ninety-five  percent  was  as  nearly  pure  sea  water  as  could  be  obtained, 
tlie  lalxjratory  pump  being  broken  and  the  tank  partly  filled  with  fi-esli  water.  The 
loss  was  much  less  when  the  density  alternate<l  between  a  high  and  low  i)ereentage, 
which  indicates  the  value  of  the  change  of  density  in  the  estuaries  with  the  rise  and 
fall  of  the  tides. 

When  the  younger  alevins  were  placed  in  5o  per  cent  sea  water  or  stronger, 

the  yolk  was  solidified,  lM*coming  much  like  soft  rublx»r.     The  blrnxl  was  driven 

from  the  body,  making  it. appear  bleached,  and  th<»  adipose  membrant*  at  each  (»dge 

of  the  tail  a<lja<*ent  to  the  caudal  fin  turne<l  white.     Th<»  circulation  was  retarded 

an<l  the  fish  l)ecame  sluggish.     The  only  noticeable  effects  on  the  old<»r  alevins  were 

sluggish  movements  and  an   inability  to  keep  a   horizontal   position.     Sometimes 

death  was  immediately  prece<led  by  violent  and  spasmodic  swimming  in  any  and  all 

directions.     The  Siime  actions  were  noticed  in  minnows  placed  in  a  sti-ong  mixture 

of  sea  water. 

¥.  c.  B.  rjou— 7 
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Tlio  following  table  giv<»s  h  nHMml  of  the  oxiH^riiiients.  The  iKM^MMitajri*  of  sea 
water  is  reekoiKMl  ]>y  taking  piiiv  sea  water  as  a  staiidaixl  of  100,  a  iiiixtiin»  of  equal 
parts  of  fivsli  an<l  sea  water  being  50  i)er  cent.  Tlie  pereentage  of  <lea<l  ah^vins  hI any 
one  time  is  not  ])as(Hl  on  tin*  original  nunilM»r  with  whi(*htheexi)erini(Mit  Iw^gan,  but  on 
tlu»  number  left  in  th<»  vesscd  the  previous  day,  e,  </.,  if  we  start  with  40  alevins  and 
10  die  the  first  day,  that  is  25  per  eent ;  if  15  die  tlu»  seeoinl  day,  that  is  50  \h}v  cent. 
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Table  tfhoicing  t'ffect  of  sit  It  tntter  on  alevius  ami  fry. 


-1^-                -  — 

Day  of 
m»-*nt. 
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xiK?rim«»nt 

13. 

Experiment 

15. 

Experiment 

16. 
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32 
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age sea 
water. 

t 

10 

i:> 
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35 
all 
«5 
75 
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(1 
U 
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1 
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M 
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M 

:r> 

37 

44» 

41 
42 
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44 
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ag*» 
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Ai^ 

:« 
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:« 
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41 
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54 
55 
5»J 
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5s 
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ajre  si-a 
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0 

5 
15 
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25 

:*) 

44) 

45 

50 
52 
70 
70 
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00 
HO 

m 

K5 
70 
r« 

5i) 

vr> 

95 
Di.**<*<>n 
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dead. 

1 

4 

»; 

« 

(1 
in 
;«» 

41) 
51  > 

.v> 

9U 

0 
•> 

0 
3 
5 

1 

34 

5S 
<i 

i(i> 

0 
1 
5 
5 
5 
I 

V 

4 

•) 

• 

3 

in 

•* 

11 

1 

ft 

12 

10 

13 

20 

U 

41 

15 

Si 

in 

2 

17 

K 

1« 

•» 

19 
M 
21 
22 
23 
24 
25 

0 

0 

1 

0 

0 
2 

0 
0 
0 

2»> 

27 

s        ; 

2« 

0        1 

2!» 

tinue<i.     ! 

ExiKM-iiiuMit  1  was  iua<l<»  to  clieck  th<»  others,  showing  that  the  h)ss  was  not  the 
result  of  being  i*ontine<i  in  battery  jars. 

ExperiniiMit  -  sliows  that  25  ^hm*  <'ent  sea  water  has  but  littU*  (h*k»terious  effect 
uiK)n  alevins  over  5  days  old. 

ExiM»rinieiils  o  to  7  show  that  ahnins  of  0  to  10  days  of  age  can  not  live  in  sea 
water  of  oM  per  cent  or  over,  c»ither  when  put  directly  from  fix*sh  water  into  tlie 
mixture  or  when  tin*  deiisilv  is  graduallv  raised. 

ExiK*rinients  S  to  1 1  show  that  alevins  12  days  old  can  live  longer  in  5n  and  75 
per  cent  sea  water  than  those  only  (3  days  old.  Some  of  the  12-day  alevins  liveil 
7  (lavs  in  5o  iM»r  cent  s<»a  wat<*r,  while  the  ^J-dav  ones  lived  but  3  davs.  Tlie  older 
alevins  lived  one  day  longei*  in  75  per  c<*nt,  but  died  the  first  day  in  pui-e  sea  water, 
as  did  the  0-day  individuals. 

Exi>eriment  12  shows  that  when  TJ  days  old  they  live  longer  yet  in  50  per  cent. 
Two  lived  2  days  in  75  jH'r  cent  aft<»r  having  been  in  50  i)er  cent  for  U  days.  The 
one  that  lived  till  the  twelfth  day  was  a  week  older. 

Experiment  13  shows  that  a  gmdual  rise  from  a  density  of  10  iH*r  cent  sea  water 
when  20  days  old  to  75  i>er  cent  when  32  days  old  was  fatal.  In  a  similar  way  a 
gradual  rise  fnmi  fresli  water  wlien  33  days  old  to  a  density  of  *M)  per  cent  when  44 
days  old  was  fatal,  as  is  shown  in  experiment  15. 

Experiment  10  indicates  that  alevins  50  to  GO  days  old  can  Ix^ar  a  high  density 
of  S4»a  water,  but  that  thev  can  withstand  it  better  if  the  densitv,  instead  of  increas- 
ing  n^gularly,  alternates  Ix^tween  high  and  low.  It  does  not  show*  the  exact  age  at 
which  the  fry  can  live  in  sea  water,  an<l  it  is  <loublful  whether  this  can  be  determine<l 
accurately  in  aquaria.  Whether  it  can  or  not,  the  time  wjis  not  at  my  disi^osal  to 
carrv  the  observations  further. 

As  a  wholes  the  experiments  show  three  important  i)oints.  First,  the  fry  can 
not  live  in  sea  water  until  Si»veral  weeks  aft<*r  the  volk-sac  is  absorbed;  second,  when 
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able  t»  live  in  8ea  walor  tliey  i-hii  not.  no  ilirfctly  rivmi  Tivsli  wtiicr  to  wa  water,  bat 
iiiiist  paJWKt-ailiiMlly;  third,  Uicyarecn-ally  aidt-d  by  nii  altcniali<iii  ordi'iisiliosHiich 
as  is  obtained  by  iiaNsin^  ibi-oii^li  aiii-stuary.  I-'m- tb«'.se  ifasoiis  il  woul<l  imt  bo  wtsll 
to  plant  fry  in  aKti-cam  tlitil  dmts  not  ivai'li  tli<>  oi-^-aii  Ilin>n^li  an  est  nary. 

Vhaniji-  itf  ailor  tliirlnij  miijriif imt,  —Tin-  f<i\or  tif  yiMitu  salnion  dt'iH-nds  much 
on  till'  chamet*-!'  of  llii'  watJ-r  in  whicli  tlicy  live.  'I'hosi'  in  small,  cold  slrcaiiitt  an' 
much  more  duaky  and  liavo  Ihi'  parr  marks  Kironfjly  <lcvelo|>i^<l.  'I'lu-y  iHicomi! 
UghtiT  in  color  upon  ciiliTiiifi  tin-  main  river.  Those  in  braekisli  and  sail  wabrrare 
bright  silvery  on  the  sides,  with  Ihe  back  .sea  pven.  I'arrs  4  t<i  H  inches  in  bnif^th, 
found  in  Hattlo  Creek  anil  similar  pbuvs,  have  the  siili-s  brijrht.  silv<'ry,  tlie  btwk 
olive  brown,  with  the  upi>crcnd  of  thii  parr  marks  niakiiij;  ii'gnlar  sliadin^'K  along 
the  biu;k.  Specimens  'J.d  incln's  in  lenglh  from  11<m1i-<>,  San  I'ahlii  liay.  May  is,  have 
distinct  parr  marks;  'i.7  inches,  fi-um  ISenicia,  May  i:t,  have  liiNt  them.  Sometimes 
the  caudal  lin  is  reildish;  sometimes  there  arc  yellowish  strijH's  on  the  vent  ml  ami 
anal  fins,  ti»peeiHlly  with  fryNilH)ut  l.-i  inches  lon^. 

finnntuirij of  ahxirvnthnu on  mi;/i''ilion.— The  fry  iM'fiin  their  downsi ream  niigni- 
tion  as  soon  as  they  an-  able  to  swim.  In  the  clear  water  they  travel  nioi-e  at  night; 
in  muddy  water,  as  mnch  or  iiioiv  during  the  day.  Much  of  the  time  they  Hoat 
downstream  tail  first,  anil  in  Ihe  larj;er  streams  they  travel  moi-e  or  less  in  schools. 
In  the  larger  streams  lhi'ir<hiwnslrcam  movement  is  not  dependent  npim  the  height 
of  the  water,  but  upon  age.  Fii>ni  OcIoImm-  to  April,  hielnsive,  over  H!i  i>er  cent  that 
liass  the  vicinity  of  Battle  (.^leek  are  of  the  .same  si/.)-,  l.fi  inches  long.  They  pass 
down  the  river  at  the  rate  of  about  U'  miles  a  day,  and  are  almut  ti  weeks  reaching 
brickish  wat4-r,  l>eing  ;i  months  old  at  that  time.  They  are  proliai>ly  4  or  5  months 
old  when  they  reach  the  ocean.  The  ebb  and  How  of  the  tide  in  Ihe  estuary,  causing 
an  altonnitioii  in  the  density  of  the  water,  is  apimrenlly  heneftcial. 

KUMMEK    l{ESII>t;NTS    IX    THK    KIVERS." 

Geiieriil.  ocroinil. — In  the  upjUT  i>ortion  of  the  Sueramenio  Uiver  Ihere  yet 
ramained,  after  the  winter  an<l  spring  nii<>ration  in  I.S'.IK,  a  large  numlx-rof  young 
Halmuu.  In  the  vicinity  of  Sims  we  found  fnim  70(i  lo  i.iHKJ  in  the  various  {xtols. 
We  found  tliem  eommou  in  the  ^leCloud  at  Itainl  in  September,  ami  in  Fall  River 
in  AugUHl.  These  slimmer  ntsidenls,  as  they  may  be  called,  are  confimKi  to  the 
headwaters — the  clear  stivams  with  i-ocky  Imttums.  They  do  not  stay  much  of  the 
time  in  the  Very  swift  current  or  riffles,  but  remain  in  the  muii'  quiei  [kmiIs.  Here 
they  fe(!<l  on  aquatic  insects  and  take  the  angler's  lly  tlic  same  as  trout. 

Moat  of  the  data  concerning  Ihe  summer  residents  was  olitaincd  fi-om  investi- 
gations near  Sims,  in  Hazel  Creek,  and  the  river  l«dow  its  mouth.  Hazel  Creek  is 
a  small  mountain  stream,  with  many  i>ools  and  gravelly  riffles,  and  is  a  favorite 
spawning  stream  Ixith  for  Halnion  ami  trout.  The  two  lower  pools,  which  are  about 
a  (juarter  of  a  mile  from  the  mouth,  were  .seined  several  times  during  Ihe  summer 
and  fall,  and  itwjw  from  this  work  that  we  learned  mneli  that  wc  know  of  the  habits 
of  the  fry  i-emaining  in  the  streams  during  the  summer.  In  the  table  iHdow  one  of 
these  ]K>uls  is  called  the  u])]>er  and  Ihe  otiier  Ihe  lower. 

The  Sacramento  lliver  in  the  vicinity  of  Sims  is  alwint  4ii  or  50  feet  wide,  and 
during  the  .-^ummer  has  an  aversigt;  deplli  of  about  '.i  feel.      It  is  very  swift  except 
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in  tlie  pools,  which  were  the  only  placen  that  could  be  seined.  Seven  of  these  pools 
were  seined  frequently,  and  for  oonvenieuee  in  keeping  notes  we  numbered  them 
A,  B,  C,  D,  E,  F,  and  G,  Ix^ginuing  with  the  upi>er. 

In  July  and  August  all  s^)eeimens  taken  in  Hazel  Creek  and  in  the  river  near 
by  were  marked  by  cutting  oflf  the  adipose  fin  with  a  pair  of  small  curved  scissoi-s. 
This  enabled  us  to  know  when  we  were  taking  specimens  that  had  been  taken  before. 

Upsfream  movenieni, — The  following  is  a  record  of  the  seining  in  Hazel  Creek. 
The  dat^i  for  each  seine  haul  consists  of  the  date,  the  pool  where  it  was  made,  the 
number  of  fry  previously  marked  in  this  pool,  numl>er  of  days  since  the  last  were 
marked,  total  number  taken,  and  number  of  marked  fishes  taken. 

Record  of  seine  hauls  ht  Huzel  Creek. 


!  Previ-        Days      Total  ^'^tohof 

Date.  Pool.        onsly     sin«*e  last  ,.j.*:^    marked 

marke<i.  marking.  fish. 


May  17.    Ix)wer U  

July  9 do .55  

Aug.  17 do.            4»               :»  49             \2 

.....do     .;        4^               :W  45              5 

!....do..  I      4^             :*♦  :«i  '        2 

I  Upper. I         0         7M  ,          1 

'....do..-' 5.3  .         1 

....do 37  I         0 


Previ 

Davs 

Total 
<-atoh. 

5:; 

Catch  of 

Date. 

P«H)1. 

iiiisly 
markinl. 

KM 

since  last 
marking. 

marked 
fish. 

S«>pt.lH.. 

LowiT  . 

'.ii 

39 

Upp<»r 

ur: 

:fii 

44) 

:« 

(Vt.lS. 

Lower  . 

1114 

tK 

125 

:i7 

Upi>er 

UC 

♦ti 

94 

48 

Nov.  IS. 

Lower  . 

im 

\ti 

va 

22 

l'pi>er 

1117 

«i 

113 

54 

I>«-.  IS.. 

L<jwer  . 

im 

l;Si 

4 

1 

L'p|>er  . 

ur: 

1« 

(1 

1          U 

1 

. 

It  will  be  seen  from  the  ta])le  that  in  seininj^  the  lower  ik>o1  in  Au^rust,  V.i  young 
salmon  were  obtaine<l  that  had  been  marked  in  Jul  v.  As  there  had  been  but  48 
marked  in  this  pool  in  July,  it  indicates  that  at  least  40  per  cent  of  the  fishes  that 
were  in  this  pool  July  0  remaine<l  until  August  17. 

In  the  upper  pool  we  found  two  July-marked  fishes  in  Aufi:ust,  where  none  had 
been  marked  in  July.  As  the  lower  pool  is  al)out  KK)  yards  from  the  upper,  tliis 
indicates  that  at  least  4  per  cent  of  the  fishes  in  the  lower  pool  had  ascended  the 
stream  that  distance*. 

There  were  104  siMM'imeiis  marked  in  the  lower  pool  diirinj^  July  an<l  August; 
31>,  or  38  per  cent  of  these*,  were*  found  there  in  Septeml)er;  3»),  or  '.I't  iM»r  cent  of  the 
107  marked  in  the  upper  pool  in  August,  wen*  found  in  SeptemlnM*.  Only  <me  hfiul 
of  the  seine  was  made  in  each  j)lac<'  in  SeptemlM»r. 

In  August  four-sevenths  of  th<»  marked  fish(*s  found  in  the  low(»r  pool  were  taken 
in  the  first  haul  of  the  seine.  (When  more  than  one  haul  was  made  the  marked  fishes 
taken  were  hehl  till  the  seining  was  over,  in  order  that  they  might  not  l)e  cemnted 
twice.)  Assuming  tliat  Xhc  same  x)rojM)rti<m  was  taken  in  the  one  haul  in  September, 
we  would  reason  that  there  were  <>8  nutrke<l  salmon  in  the  lower  pool  that  month;  68 
would  be  ()5  i>er  <*ent  of  the  numlx^r  marke<l — that  is,  05  per  cent  of  the  fishes  in  Hazel 
Creek  on  August  17  i*t»mained  until  Sej)tember  is.  This  api)roximates  the  (\stimates 
made  for  the  pools  in  the  river  below  the  mouth  of  Hazel  Creek.     (See  notes  Indow.) 

In  a  similar  way,  'M  per  cent  of  the  104  marked  in  th<*  lower  p<M)l  were  found  in 
one  haul  in  ()ctolH»r,  an<l  45  i>er  (»ent  of  the  1<'7  marked  in  the  upi)er  p<K)l.  Thus 
there  was  a  loss  of  i*  per  cent  over  the  previous  m«)nth  in  the  lower  j)ool,  and  a  gain 
of  10  per  cent  in  the  upper,  in<licating  an  upwanl  movement. 

But  the  upward  movement  is  indicated  l)etter  by  the  simph*  statement  of  num- 
bers, as  given  in  the  table.  In  Septeml>er  there  were  39  marked  fishes  taken  in  the 
lower  pool  to  30  in  the  ui)per;  in  Octol)er  tin*  ratio  was  37  to  48,  and  in  November  it 
was  22  to  54.     It  is  difficult  to  see  how  this  can  mean  anything  else  than  that  the 
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yonn^  shIiuoii  in  Hazel  Crook  eoiitiniied  to  work  thoir  way  upstn'aiii  diiriii^  Sop- 
UmuIxm*,  Octohor,  and  Novoinl)er. 

This  table  shows  an  increase  in  tlu»  nnnilxM'of  salmon  in  Oetober.  Tin*  average 
of  two  hanls  in  May  was  17;  one  in  Jnly  pivf  55;  six  in  Anji:ust  ifavc»  an  av<»ra^e  of 
4*J;  two  in  September  avei'aji:(4l  4<);  two  in  ()<'1ob<»rlin;  two  in  XovtMnlMM*  l<**i.  The 
simple  fact  of  there  IxMnj^  more  fishes  found  on  hiter  <lat«\s  would  n<»t  indieate  an 
upwanl  mo\ement;  they  mi^ht  have  como  downstream.  The  larj^er  ])ercenta^e  of 
marked  fishes  in  the  upiH»r  pool,  however,  would  indiratcan  upstns'im  niov<*m<Mit. 

Several  plaees  alM)ve  the  uppt»r  pool  wen»  fished  in  <><'tolM»r — one  plact*  within  l/» 
yards  of  it — but  no  marked  sjilmon  wen*  foun<l.  This  would  indieate  a  lark  of  upwaitl 
movenuMit ;  but,  all  the  <lata  Immu^  <*onsidered,  it  is  ovidrni  that  lln^n*  was  at  least 
a  slij^ht  upward  movement  in  ()<*to]>er  and  Nov(MnlM»r. 

In  I)eeeml>er  the  you  n^  salmon  had  all  disappran^d  from  th<*  u^^mm*  pool,  and  only 
4  wer<»  found  in  the  h)wer.  One  of  these  was  a  si)eeim<Mi  mark<Ml  in  July  or  August. 
That  is,  I  out  of  2<K)  remained  after  the  DeeemlH^r  ris<».  It  is  <'vid<Mit  from  this  that 
praetieally  all  the  youn^  salmcui  left  thoen^ek  bi'lw(»en  NovemlM*r  IS  and  I)eeemlK>r 
IS.  There  was  a  heavy  rain  in  the  vicinity  on  Nov«»mb(»r  l*s  an<l  iM»  (preeipitntion 
over  '2  inches),  and  then*  can  be  little  doubt  that  the  salmon  all  h*ft  at  that  tinu». 

Miijrat'hm  durunj  siunnif  /*. — Pool  H  (se(»  plate  1 1 )  of  the  riv<»r  is  srparati'd  frcuii 
I  Pool  A  (at  the  mouth  of  llazrl  C-ivek)  by  a  rapid  al)out  150  yanls  lonjx  with  a  fall  of 

about  4  feet.     It  is  over  0  feet  deep,  with  larjje  angular  rocks  alon^  one  <m1«j:(*  afford - 
^  in^  excellent  hid inji:- places  for  y<mng  salmon.     It  nM|uin*<l  thnM»  men  to  soine  this 

[  jKKd  well,  one  to  throw  out  the  seine  from  a  lar^jje  roc^k  at  the  iippor  t»nd,  and  two  to 

I  pull  it  in.     When  there  wen>  but  two  of  us,  one  would  jwiy  out    the  s«Mn(»  fmm  a 

riffle  alx>ve  the  po(d;  the  other  would  wade  out  as  far  as  possible  in  tin*  lower  end 
of  the  iK)ol  aiul  pull  the  seine  down  with  a  roj)e.  When  tin*  s(Mn(»  was  stretched 
through  the  pool  it  was  pulle<l  ashore.    Obviously  such  work  was  not  very  sat  isfactory. 

The  followinji;  table  <j;iv<»s  a  reconl  of  the  catch  at  each  haul  of  Ww  s(»int*  in  P<»ol 
B  in  Jul}'  and  Auji^ust.  Four  hauls  were  nmde  in  this  pool  in  May,  alniut  50  young 
salmon  bein;^  taken  in  erne  haul.  The  specimc^ns  caught  in  May  n^[)n'sented  two 
sizes,  su<»h  as  wore  found  in  Hazel  Civekon  the  same  date,  but  thon*  were  very  f(»w  of 
tlu?  smaller  size.    Tlu»se  smallest  were  probably  from  a  few  late-s]>awnin<r  individuals. 

The  table  ^ives  for  each  haul  of  the*  seine  in  July  and  Au«i:us1,  (1)  tho  dat^»,  (:?) 
numlMM' of  young  salmon  (viught,  (-))  number  previously  marked  and  n'lcas<»d  in  the 
pool  in  July,  (4)  tim<»  sinc(»  the  July-mark«Ml  fishes  wen*  released,  (5)  numlN^r  of  July- 
marked  tish(»s  caught,  ((3)  number  previously  marked  in  August,  (7)  time  sin<*e  the 
August -nuirk(»d  fishes  w<M'e  relea.sed,  (S)  numlK^r  of  August -marked  fishes  taken. 

These  data  may  be  used  to  estimate  the  nundier  of  young  salmon  in  the  pool  by 
making  th<»  following  proporti<ni  for  any  particuhir  haul  of  \hr  seine:  The  number 
of  marked  fishes  taken  is  to  the  total  numlK»r  of  nuirked  fishes  known  to  Im^  in  the 
f  •  iM)ol  (having  just  l)een  released),  as  the  total  number  taken  is  to  fhf  fnfal  numln'r 

til  the  pool.  The  results,  of  coui'se,  art*  variabh*,  and  it  is  only  by  a  number  of  trials 
that  we  can  get  near  the  probable  truth.  Th<»  value  of  tht*  estimates  is  not  enhanc(»d 
by  then*  being  no  marked  fishes  f^ken  at  cc^rtain  hauls.  In  sueh  cases,  how<»ver, 
then^  were  but  few  of  either  kind.  The  <^stimato  made  fn)m  ea<*h  seine  haul  is  given 
in  th<^  table. 

The  fi-eshly  marked  siK^cimens  could  l>o  distinguished  from  those  marked  a 
nu)nth  previously  by  the  latter  having  the  scar  healed. 


L 
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Table  of  data  obtained  from  seining  Pool  B. 


Datt*. 


Num-    Number 

berof      prt'vi- 

youDj?      ously 

'salmon   inarkinl 

k'anght  in  July. 


Time  sint'H 
July  mark- 


Numb*»r 

f»f  July- 

miirked 

ti.shes 

taken. 


Numl)er 
previ- 
ously 
uiarke<l  in 
August. 


Time  since 
last  AujJTU-st- 

marked 
fisht'H  were 

releA.»*e<l. 


Numljer  of  Estimated 
August-       number 


marked 
fishes 
taken. 


of  voung 

salmon 

in  iMM)l. 


July  9 . 

Aug.  14. 
Auf^.  15. 

;    Aupr.  16- 


:    Aug.  IS.... 
Average 


177 
Z\ 

a» 

17 
9 

a» 

9 
311 

ri«j 

14 
3 


1«7 
191) 

aiW 

2119 

aw 

aw 
aw 
aw 
ax) 
aw 


1  to  2  hours. 

3  hours 

J*  <lays 

.-..do 

;I7  days 

...do 

....«lo 

...do 

Ifridays 

...do 

...do 

44J  days 


0 
5 


Titt 


9 

15 

4 

'M 

(» 

US 

6 

iVi 

1 

9 

Ki 

3 

98 

2 
0 


i:c 
141 


1  to 4  hours.  1 

,  1  day 1 

I  3i»  minutes  .1  o 

...-do '  1 

...do ■  0 

1  diiy I  0 

4  hours j  9 

31J  minutes.'  3 

2davs 1 


435    ' 

57S    , 


1,595    I 


415 
G16 

42:^    i 


t9C) 


Th(»  eliu»f  value  of  this  table  is  in  the  estimates  <^iveii  in  the  hist  column.  The 
estimate  of  the  numl)er  of  young  salmon  in  tlie  pool  rang<\s  from  415  to  l,r)l»5.  Half 
of  the  estimates  come  within  107  of  the  average,  which  is  OSo.  This  average  is  prob- 
ably not  far  from  the  actual  numlM»r. 

Pool  C  is  qiiit^  similar  to  Pool  B,  and  was  seined  in  much  the  same  way.  When 
two  worke<l  it,  one  had  to  hang  the  net  on  the  rocks  <m  one  side,  then  swim  across 
to  the  other  side,  when  botli  pulled  the  seine  off  the  rocks  and  haule<l  it  inshore  at 
the  lower  end  of  the  i>ool. 

Tlie  following  table  gives  a  record  for  Pool  C  similar  to  that  given  for  Pool  B. 
In  the  only  haul  made  in  July,  two  of  the  four  fislies  taken  had  been  marked. 
They  had  evidently  come  down  from  the  pool  above.  Likewise  in  August  four 
August-mark(*d  fishes  were  taken  in  thefii'st  haul,  though  none  had  yet  l>een  marked 
in  this  pool.  In  making  the  estimates  of  the  number  in  the  pool  these  four  are 
considered,  being  added  to  the  '*numlxM*  previously  niarke<l  in  August.'" 

Table  of  seine  hauls  in  Pool  C. 


Date. 


1  Number . 
of  young 
I  salmr»n 
I    taken. 


Xumb»»r ' 


previ- 
ously 
marked 


Time 
sinoe 
July 


Numl>er 
of  July- 
markeil 
fishes 


in  July.  ,"^rkmg.   ^^„^^^ 


July  9 

August  15. 


Numlx»r 
previ- 
ously 
nmrked  in 
August. 


Time  .si nee 
last  mark- 
ing. 


Numlier  f)f 
A  u  gust- 
mar  kiKl 

fishes 
caught 


Estimated 

numlx'r  in 

pix)l  in 

August. 


August  Kt . . 
August  IH... 
Average. 


4 

0 

•> 

92 

2 

36  days 

3 

a; 

2 

...do... 

•9 

3i> 

2 

....do... 

2 

2 

...do... 

0 

aj 

*0 

?n  davs. 

0 

10 

2 

...do... 

0 

32 

2 

39  days. 

1 

1 

1 

... 

0 
83 
1U5 
14<» 
141 
168 
173 


2  hours 

31)  minutes. 
...do 

1  day 

S)  minutes . 

2  days 


4 

1 
5 
5 

10 


1.131 
1,91K    1 

288 

928 

:M4     I 

566    , 


861 


The  data  obtained  from  Pool  C  gives  a  larger  estimate  for  the  total  number 
in  the  ik)o1  than  that  for  Pool  B  (C,  801;  B,  085).  In  the  seven  hauls  of  the  seine  in 
this  pool  in  August  there  were  S  July-marked  fishes  secured.  In  the  t^n  hauls  in 
Pool  B  VJ  were  secured.  From  these  two  statements  we  determine  that  18  per 
cent  of  the  July-marked  fishes  of  the  two  pools  were  in  the  lower  iX)ol  in  August. 
(8-7-7x10=11,  41>-f  ll  =  GO,  ]l-f-6()=.18.)  Only  1  percent  was  released  there,  leaving 
17  per  cent  to  migrate.  Som<»  of  these  may  have  drifted  over  while  faint  from  being 
confined  in  the  net,  but  we  think  not  many.  We  never  saw  any  do  so,  though  we 
often  watched  them  for  that  purpose.      It  is  safe  to  say  that  most  of  them  went 


'M 
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over  voUint'»rily.  Wo  would  expect  this,  as  the  connection  Iwlwccii  the  two  pools 
is  quite  deep,  thoufjli  swift.  It  is  oven  roinai-k;il>lc  that.  ii<)  iiion'  Ilian  17  percent 
passed  to  the  lowei-  pool.  It  is  (.'oncwlcd  thai  the  estimate's  in  the  tallies  al)ove  are 
liable  t.o  considerahle  errors.  There  are  always  some  unknown  quantities  in  the 
equations,  yet  the  results  appear  trustworthy. 

Pool  D  is  below  the  lower  railroad  liridRP,  anil  was  quite  unimportant.  It  was 
seined  but  onc^v  a  lai'i^e  rock  at  the  lower  end  of  the  pool  makin;;  seining  inipraeti- 
eablo.  Six  young  salmon  were  taken.  It  was  one  (tf  these  six  that  wjis  tiiken  in 
the  first  haul  in  Pool  E.     The  two  pools  are  eontiniious. 

Pool  E  is  a  iH)rtion  of  the  river  about  75  yaiils  Iouk,  immediately  below  ami  not 
separated  fnmi  I),  ending  above  a  long  riffle.  It  was  the  only  piHil  that  could  lip 
entiivly  eoven-d  by  the  B<Mne.  The  bottom  is  mostly  covered  with  cobblestones,  and 
there  are  larfre  mcks  alonj^  one  shore.  These  ufFoi-ded  hiiliiig-plaees  for  the  younj( 
salmon  wliile  the  seine  was  Iwing  drawn.     It  was  seined  many  limes  in  August. 

The  following  table  gives  the  record  of  the  cateh  at  eiM-h  haul  of  the  seine  niatle 
in  the  pool,  giving  (1)  the  dale,  (;;)  the  iinudn'r  caught,  (;!)  the  number  previously 
marked  and  released  in  the  ixiol,  (4)  the  number  of  markcil  fishes  taken,  (5)  the 
estimate  of  the  nnnilx-r  of  young  salmon  in  the  pool,  and  (<>)  the  variation  of  thin 
estimat.1^  from  the  averag*.-  estinmte.  4>a  the  Hilli  and  17th  of  August  the  seining 
was  earned  <ni  continuously,  the  time  retpiired  for  making  a  haul  and  counting  and 
marking  the  parrs  being  fi-oin  iio  \<i  ;(i'  minutes.  The  nmrkinl  speeinn'u  Ijiken  hi  the 
first  haul  was  one  of  the  six  from  Pool  D, 

liirorit  <•/  xfhu-  hmih  in  i-ool  K. 


j  .-uuBlit.    I 


^si:!^., 


'llie  purpose  of  llie  work  in  tills  pool  was  t,>  d<-1enninc  tlic  iinndH-r  of  young 
salmon  thai  might  Iw  found  in  a  pool.  The  cslimatcs  arc  maile  in  llic  same  way  as 
in  the  cmte  of  Pools  It  aiul  ('.  The  Iliii-<1  liaul,  as  noted  in  the  table,  may  Im>  taken 
as  an  example:  :til,  the  innnl>erof  marke<l  tishes  taken,  is  to  I ',i7, 1  lie  ii u ml hm- marked 
previous  to  this  haul,  as  U(i,  the  total  nundH-r  taken,  is  Id  u:i.\  tl,,  l„f,tl  ninnlwr  in 
Ihf  imil.  The  estinmtcs  vary  from  .5.S(i  to  l,8i>l),  bnt  .si'vcmi  of  I  hem  an-  not  far  from 
a  Ihousjmd.     The  avenigeof  the  estinmtea  isl,o:>J,  which  is  pi-olutbly  near  I  he  I  ruth. 

S<;iitcml)cr  IK  we  seined  the  i>ool  )M;ain,  catching  17S  young  sjdmoii,  '.'7  of  which, 
a  tittle  over  half,  had  Im-cii  marked.  l!y  looking  at  the  table  above  it  can  l«'  seen 
thata  little  over  half  of  the  estimated  numlM'r  in  the  |mio1  were  maiki'tl  in  .\ngusl  — 
o8l)  out  of  l,Ui;i.     If  an  estimate  U  made  of  the  number  in  the  pool  in  SeptemlR-r,  hy 
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assumiu^  that  all  the  marked  fishes  remained  in  the  pool,  the  result  will  be  the  fol- 
lowing proportion:  07,  the  number  of  marked  fishes  taken  in  Septeml>er,  is  to  580, 
the  number  marked  during  August,  as  17S,  the  total  catch  in  September,  is  to  1,075, 
the  total  number  in  the  poo!^  which  is  remarkably  close  to  1,0:22. 

If  there  had  been  much  of  a  migration  between  August  18  and  September  18  we 
would  have  taken  a  larger  proportion  of  unmarked  fishes.  If  there  were  no  migration 
we  wouhl  expect  to  get  marked  fishes  in  proi)ortion  to  the  total  catch  as  586  to  l,02i\ 
which  was  the  proportion  of  marked  fishes  in  the  pool  in  August.  The  record  for 
Septemlx'r,  97  marked  out  of  a  total  of  178,  is  very  nearly  that  ratio,  indicating 
that  there  was  little  or  no  migration  l)etween  August  18  and  September  18. 

August  17  we  fished  two  pools,  F  and  G,  alx)ut  a  quarter  and  a  half  mile, 
resx)ectively,  l>elow  where  any  fish  had  been  marked,  catching  13  and  115  salmon. 
We  also  caught  57  in  Pool  (i  in  Septemlx^r.  Neither  at  this  nor  at  any  other  time 
have  we  found  markcMl  salmon  below  the  pool  in  which  they  were  released,  except 
in  the  case  of  Pool  C,  above  referred  to.  The  one  marked  salmon  taken  in  the  first 
haul  in  Pool  E  was  reh^ased  in  the  upper  (»nd  of  that  pool. 

It  is  especially  worthy  of  note  that  none  of  the  591  fishes  taken  in  Pool  E  had 
been  markcnl  in  the  pools  alK>ve  the  previous  month.  If  any  had  left  the  upper 
pools,  they  had  not  stopped  in  the  vicinity. 

Sfufimarf/  on  nnniher  ami  movenifnts. — The  estimate  of  the  number  of  young 
salmon  in  August  in  Pool  B  is  ti85,  in  C  801,  and  in  E  1,022.  Pool  E  is  much  longer 
than  the  othei's,  and  might  very  well  have  more  fishes  than  either.  From  these 
estimates  it  is  probable  that  there  were  al>out  10,o<M)  young  salmon  to  the  mile  in 
the  Upper  Sacramento  during  the  summer  of  1898,  or  between  a  half  and  three- 
quarters  of  a  million  in  all  the  headwaters  of  tliat  stream. 

There  is  little  migration  of  the  young  salmon  l>etween  May  and  December. 
Where  pools  are  separated  by  shallow  rifHes,  no  evidences  of  migration  could  be 
found.  If  connected  by  deep  water,  it  was  found  that  alK)Ut  17  p4»r  cent  of  those  in 
the  u[)per  passed  to  the  lower.  In  Hazel  Creek  there  was  an  upward  migration  of 
4  iH»r  cent  during  July,  and  a  larg(»r — alwuit  12  i)er  cent — during  Septeml)er.  There 
was  no  diminution  in  number  either  in  Hazel  Creek  or  the  river  up  to  November — 
even  an  apparent  incivase.  There  was  a  sliglit  migration,  however,  during  the 
whole  period,  indi<'ated  by  the  disappearance  of  the  larger  marke<l  siH»cimens. 

This  residence  in  tlie  headwaters  during  tlie  summer  is  [)robably  due  to  low 
water.  It  has  Ixmmi  noticed  many  times,  lM)th  in  the  streams  and  in  the  hatcheries, 
that  young  s^ilmon  <lread  going  over  a  fall.  When  the  riv(»r  is  very  low,  as  it  is 
every  summer,  the  ra[)ids  In^come  almost  like  waterfalls,  thus  preventing  down- 
stream migration.  A  slight  rise  obliterates  the  fall  and  at  the  same  time  makes  it 
difficult  to  find  food;  hence  the  decided  migration  in  l)eceml>er.  The  abundance  of 
food  appeal's  to  be  of  some  importance  when  we  notice  that  there  was  a  scarcity 
of  food  in  September  and  also  a  slight  increase  in  migration  that  month,  although 
the  water  was  the  lowest  of  the  season. 

Young  salmon  were  reix)rte<l  abundant  in  the  fK)ols  near  Sims  the  1st  of  May, 
1.S99,  and  they  doubtless  remained  during  the  summer,  as  was  found  during  1808. 

Grou'tli  In  fre^sh  water. — It  has  been  shown  alM)ve  ("Migration,  general  investi- 
gations of  1898")  that  the  size  of  young  salmon  found  in  May  was  the  same  for  all 
parts  of  the  river.  This  was  true  also  in  July  for  the  portions  of  the  river  in  which 
they  were  found. 
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The  following  hIimws  the  moas  tire  men  ts  of  young  snlnioii  ttikeii  hi  tl»'  Siicmmento 
iuJiily,  ISitS.  Hol<i-fiM'cd  typo iiulicati'.sw-)ii'n?  the  HvcnvgeHizi's  full.  FDrDiniHumir, 
Keililiiii;,  Hiiil  ]inttl«>OiH>t'k  Ihir  niiinlK>rHgiv«>ii  iiKlicati*  the  total  iiiimlHTof  lish  liiken. 
NoiK'  iveii'  Ijikou  lielow  the  Utter  puiiit.     All  weit>  tiikeii  iK-tweeii  July  it  and  K!, 

TViWc  ubinriiiy  xUe  of  jiiiiiug  Milnuiii  tiikcii  ilnring  July.  ;,v,'W. 

Nuuilr-r  iJ  HiuH'ilii.'iM.  NiiinlHT  i>t  i>|>»'Iiiu>dh. 

"'"■-  Dtin»-  :  ^:,„        IlHii-l      H.1I-     IHtUu  *""■■  ,  Duiw-  ,  .,,„„   ■  Ha»l     Rt^d    '  B»ttl.>  1 


IJJ    - 


_.l 


Note  that  thi'iivon^i;i'si)ti'.s  in  tlittalxtvo  tiiblo  iirofnini  H.H  inehcs  in  I[»/a-I  ('reck 
to  3.1  inches  at  Iteildin;;.  In  i-nnijuiring  this  tiihie  with  that  for  the  month  of  May 
(see  iilwvc),  it  will  Ik-  swn  that  tlu'  averuge  size  increased  fnnn  2.4  inches  In  Mhj'  to 
3  inches  in  -Inly,  an  increase  of  O.ij  inch  in  two  months.  This  is  also  the  amount 
of  inci-eaw  if  only  the  smallest  siMHUinens  in  lla/.cl  ('iM-ek  are  considered.  They 
incn-asetl  from  i.J'  inches  in  .May  t<i  2.1  inches  in  July.  This  is  an  inen-ase  of  0.3 
inch  iMT  month  for  lishes  averafjing  under  :i  inches  ia  length.  Knch  tahle  shows 
that  there  was  a  greater  variation  at  the  upiior  stations. 

The  growth  of  ",-t  iiieh  per  month  is  also  shown  by  the  following  tahle  of  meas- 
urcmenis  of  specimens  laken  at  Kissou  in  May  and  Angust.  The  average  sixes  are 
indicated  hy  heiivy-fa<'i'il  type.  In  computing  tli<-  nvcrjige  for  May,  (he  four  largCHt 
lish  are  not  conn  ted,  as  they  evidently  l>elonged  to  the  summer  run  of  adults  iuslt^ad 
of  the  fall.  Measurements  of  si>ecimens  taken  in  the  river  at  the  month  of  the  cn>ck 
in  Angust  an*  given  for  eouiparisou  wilh  those  fnnn  the  civek.  The  average  size 
in  .May  was  2.2  inches;  in  August,  a  little  over  three  months  later,  it  was  :i.:t  inches. 


tile  incre-iksf^  in  si/e  of  those  remaining  in 
The  growth  was  pnit)ahly  a  little  gn-ater 

Tiililf  Klioiriiii/  iiwrriiKf  ill  k. 


i«' 


k  Itetng  one-lhini  inch  in-r  month, 
thai,  the  larger  s^H-eimcnH  migrating! 


■  'if  yimiiij  mlJniiin  iit  Sim 


■   Sultaw«y»T.^.k-| 

«»)-''v'i:;si;'j' 

^^^''■- 

-    '    1    * 

iiH-h™... 

The  above  .■<huws  the  amount  of  variation  in  the  young  salmon  of  apprii.\iimitely 
the  same  age.     All  were  released  from  the  Sisuon  hatchery.     The  ohlest  were  hatched 
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Det-enOxT  :?3,  18i»7,  ami  the  youiigri'St  January  23,  1898.  The  hii^est  wei-e  2.0  inches 
lou^,  thf  smallest  l.«;,  a  tlitttM-eneeof  1.3  inches,  which  can  not  lie  accnunted  for  by  the 
one  niontli  diffeifnce  in  a^c.  Then*  was  still  a  difference  oi  1  inch  in  Augnst,  when 
they  weiv  'i.S  anil  i*.s  inches  lonjx- 

Tile  folKiwinjx  is  a  table  «»f  niea:snro mentis  of  specimens  taken  in  Hazel  Cre«*k 
during  vari<ms  niitntlis.  They  aiv  thoutrhl  to  Ik-  n»piv>entalive,  though  th«»siH*cimens 
wei-e  seh^etoil.     \V»»  pirketl  o»it  extremes  an<l  what  w«»  thon«rht  to  Ix'  average  sizes. 


>!/•• 


May.      .Tilly       Si-pT.       !>»■••. 


>\Zn' 


Num)*-r  iti«-:iMir«<«1. 
May.      .Iiily.      S^-jit.       I>.-* 


l.'t  iiii*1i»*s  . 

•i 
.*» 

A 
1 

4 

:i.Mini-hf> 

1 

...        1 

1 
1 

l.ti  iu'-lu-^  .   .  . 

1.7  ini'li'-s 

l.^in•■h^-i 

i.l  iin-h*"?* 

2M  in'*  Ill's 

I 
1 
1 

1 

1 ; 

:<.l  imhes 

. ..  .      s.iiiiihtv 

'<'  inrhi.'S' 

:V'»iu«-LfS 

:V.tinoh»-s 

4.:f  in«b»->      

t  :<inrln-i 

1 
1 

i 

2.rt  i!i»-h«><  . . 
S.7  in«'h»^  . . .   . 
2.**  im-lit-^  .  .  . . 

1 

•» 

1 

TliealM»v«»  measun*mi*nts  indicate*  twoages  in  May,  but  the  yi»ungesl  weiv  doubt- 
leas  fnnn  a  few,  pr«>l»ably  a  singh*  pair  i»f  tislies.  that  spawned  mueh  later  than  usual. 
The  iddest  wen*  from  the  regular  fall  run  of  adults.  The  dilToi'cnce  In^tween  these 
two  sizes  in  >Iav  was  ".■♦  inch.  The  two  sizt»s  are  not  discernible  after  Mav,  those 
shown  in  the  table  Ixing  dur  ti>  the  seliH*tions  i»f  specimens,  which  is  not  the  case 
for  Mav,  liowever.  Tin*  growth  is  indicat^nl  bv  the  increase  in  .'^ize  of  the  smaller 
specimens.  The  smaUest  specimens  were:  In  May  1.-5  inches,  July  2.1  inches,  Sei>- 
teml>er  l\s  inches,  D»*cemlK*r  3.1  inches,  the  intervening  iKM'io<l  in  ea«'h  case  Ijeing 
2,  2j  aud  3  m(»nth.s,  and  thr  increase*  l>eing  o.i;,  n.7,  and  <».3  inch,  ivsiK^ctively,  or 
0.30,  u..3.\  and  ".10  inch  ikm*  month.  The  total  gi*owth  in  7  months,  as  shown  by  the 
smallest  siKM-imens.  was  only  l.'l  inches,  and  for  the  hist  3  months  (».  1  per  month. 

PiMd  A  is  at  the  mouth  of  Hazel  Creek  It  is  a  si*micin*ular  ihx»1  i>f  quiet  water 
at  one  siih*  of,  but  not  al  all  separated  from,  tin*  main  chann**!.  It  is  over  ♦'•  feet 
deep,  antl  lh»»  st*ine  hatl  ti>  !>«»  hauled  by  means  of  roi^e.^.  As  tin*  s«»ine  was  stretched 
aci-oss  the  mouth  of  the  jmioI  and  liaul«*il  in  at  the  upiK^r  iMnl,  with  the  cuds  close  to 
the  banks,  thtMt*  was  bin  little  chamt*  ff»rth«*  fi.sh  t<i  es**aiH*.  The  |iof»l  was  tished 
nionthlv,  iM'irinning  with  Auirust. 

The  follnwing  table  gives  the  number  and  size  o(  the  young  salmon  taken  in 
Pool  A  during  the  seasc»n,  and  alsf»  indicates  how  many  wimv  marked  lishes  and  had 
therefore  remained  sinc«»  August.  As  tin*  measurements  weiv  made  on  live  li.shes 
thev  could  not  be  ma<le  accuratelv  enough  to  be  given  in  tenths.  Then*  was  one 
2-inch  lish  taken  in  OcloU'r.  but  it  was  not  counted,  as  it  evidentlv  lx*Uinjr«'d  to  a 
different  run.  We  marked  and  retiirinnl  to  the  pool  all  of  the  tlslies  taken  in 
.Vugiist.  None  wen*  mark<Hl  in  any  other  month.  At  anoiluM-  haul  in  SeptrmlH.*r, 
not  n^cordtMl  in  the  table,  >i2  specimens  wnc  tak<»n,  32  bt'iiig  marke«l.  whicli  was  a 
largi*r  prop<)rtion  by  7  per  cent  than  in  thf  haul  reci»rdc<l  in  the  tabh»  fi»r  that 
month.  No  nntrke^l  lishes  were*  taken  in  I)t»ccmber.  The  reci»nl  of  one  haul  m  i>o«d 
E  for  Septenil>er  is  given  for  comparison  with  one  ma<le  in  pool  \  on  thesiimc  date. 
It  shows  that  siKHMuiens  fnmi  \HHil  E  were  smaller  than  those  fi-om  pool  A,  which 
was  the  deeper  pool. 
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The  iiiiiiii  vrthu'  of  rliis  tables  i»  in  sliuwiii^  llio  sizi*  of  the  yoiiuK  «aliriyn  in 
dilTwi'iit  months.  Tlic  jivcmjto  siw  in  AiiKUst  wns  :i.lil  iiiHu's;  th.il  iif  the  Aiit;n»t- 
marked  Hpeciinons  lukcii  in  Se-jiti-nilKT,  ■i.M  inchi'rt,  n  vory  «lij:hl  ili'crwtMi'.  It.  will 
1*0  notcMl  lat«r  thnt  thoi**^  was  a  scarcity  of  fiHiil  in  Scirtcnih)-!-,  which  wuii Id  h<to(iiiI.  for 
a  Bli^flit  migration.  In  <>ct')lH<i'  the  avLTa^^c  sizi'  of  llic  marked  siiccimciiH  increased 
tn4.20inchcM,  l»nl  ivmiiiiKHl  Ihe  same  in  Nnvcniln-r.  In  I  he  one  numth,  Sf|il<-inlK>rl8 
to  <)ctoI)cr  IK,  thoii^  wa.san  ini.'ifji.sc  of  o,;u  inch,  l)nt-  the  tola!  increase  for  the  thr«i 
miiiitlis,  Angurtt  18  to  NovcnilM'f  Is,  wasbnl  O.l'Ip  inch,  or  o.  Ill  incli  per  month.  This 
small  IncrertHc  for  the  t^>tal  jHTiixl  indieales  either  tliat  tlie  growth  was  very  .hIow  or 
that  the  ini^i'ation  during  that  time  almnsl  coiniieiisati'd  for  lh<' growtli.  During 
SeptemJH'r,  pi-olmldy  owing  to  n  se-arcity  of  foiKl,  llic  migration  was  a  lillie  gn-ater, 
and  >inn  i-esult  the  fishes  wci-e  smaller  Septemlicr  IS  than  they  wcreamiinth  l»efon'. 
Thcw'-was  a  decii-ase  of  II. (1  inch  in  Decemln'r,  when  nearly  all  ha<l  h-fl  the  jskiI. 

Krmn  measurements  made  on  siM-cinien.x  Ijiken  at  (Hcma,  we  have  tlic  following 
table  for  ^e  and  size  of  young  salmon  ivaiaining  in  fresh  water: 


The  growth  in  fi-esh  water  is,  therefore,  very  slow,  and  in  arliKeinI  i>roi)agal ion 
every  effort  shonld  be  made  to  piwent  their  iviiiaining  in  the  river  over  summer. 
The  growth  in  salt  water  is  much  more  rapid.     Thi^  saliuou  should  reach  the  ocean 
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when  alx^iit  3  iiK'hrs  loii^,  and  grow  to  In*  'M  inches  in  iwenty-fonr  months,  which 
wouhl  l)e  an  increase  of  abont  1.4  inches  i>er  month. 

(insfrir  pniuisif4 s. — Of  2n:>  frcsh-watcr  si>ecimens  examined  in  tlie  investigation 
of  fo(xl  of  yonng  salmon,  '-W  lia<I  parasites  in  the  sttnnach.  T\w  parasites  were  of  two 
or  tlirec  kinds,  oik*  eloniratcd,  the  othei*s  short  and  grain-like.  Tliey  have  not  lKM»n 
stmlied,  c-\c4'pt  to  note  the  date  and  siz(»  of  the  li.sli.  It  is  evident  that  residence  in 
fresh  water  is  conducive  to  the  growth  of  parasites  in  the  stomachs  of  young  s^ilmon. 


Month. 

»*X1 

UIIll>«T 

liinint'il. 

J* 
10 
lit 
15 
.'j<i 

n 
:*» 
is 
:)o 
15 
11 

XiiinlNT 

with 
IKiniHit»'>. 

1 
II 
n 
II 
i 
I 

:{ 
w 

Pi'n-»*nt- 
jii^M  with 
par!i**it«*.-. 

11 

0 
0 

II 

'y 

15 

i: 
s\ 

•in 
74 

15 

Si /.*.'. 

1.4  \<*'i  in«-hi-s  . 
'*.\  To  '4  ini*h»*4  . 
•i  1  t  »  1  inches 
4.1  to  5  inches  .   . 
5  1  tort;;  in«hfs 

Total    ... 

XtunlMT 
oxaniimMl 

rt] 
57 

h 

Number 

with 
paraMt«^. 

Pen.t?nt- 
a^ff  with 
para-sit*"*. 

January    

F»*bruAry 

Mar<-b 

April 

May 

July 

Aniunist 

Sept»"mlK*r 

,    OctolK*r 

November 

De^'ombor.   . 

H 
4 

10 

12 
4 

4\ 

1 

5 

o 

11* 

441 

15 

Total    ... 

aw 

31 

Dismstil  parrs. — Only  two  diseased  young  siilmon  from  the  streams  have  l)een 
met  with.  One  was  found  dead,  covered  with  fungus,  near  Sims  in  lSi)S;  the  other, 
5  inches  long,  was  taken  in  th4*  trap  at  HattU*  Creek,  September  I's,  ItMX).  The  upi>er 
lobe  of  the  cauchil  fin  was  wanting,  and  the  remainder,  with  tlie  caudal  i>eduncle,  was 
coveivd  with  fungus. 

Mature  iiuih  pnrrs. — In  ()ctol>cr,  1S1»7,  sevt^ral  mature  males,  lK*tweiMi  4  and  5 
inches  long,  were  taken  at  Sisson.  In  January,  1S'.»S,  two  males,  5.5  inclies  long  and 
known  to  Ix*  onlv  a  vear  old,  were  taken  alcove  the  Hear  Valh*v  dam  near  Olema:  one 
was  mature.  In  August,  18'.»s,  a  4-inch  mature  nmle  was  taken  at  Sissou.  Four  of 
the  6  young  salmon  taken  at  Fall  River  Mills  in  August,  ISUS,  were  males,  all  with 
the  genital  organs  mature.  Mature  male  pari-s  were  fre<iU4Mitly  taken  at  Uattle  Creek 
fisheiy  in  ()ctolM»r  and  N4»V4»mber,  isus.  The  sex  of  a  number  of  parrs,  4  to  ♦)  inches 
long,  from  the  general  collection  was4letermined;  15  were  mature  males,  2  immature 
males,  and  11'  wer4»  f4Mnah\s.  Tii(*se  mature  male  parrs  can  usually  Ik*  distinguished  by 
their  more  duskv  color  and  bv  the  slightlv  distended  alMlomen.  Examined  under  the 
microscope,  the  milt  is  a[)parently  the  same  as  that  from  a<lults.  A  fc»w  eggs  from  a 
female  of  ordinarv  size  were  fertilized  bv  milt  from  a  4.7-incli  male.  Tlie  fertiliziition 
was  complete,  all  of  tlie  eggs  hatched,  and  the  alevins  were  of  normal  api)earance. 

No  explanation  of  this  early  maturing  of  males  can  l>e  made,  and  nothing  is 
known  of  their  future  history.  They  feed  the  same  as  other  young  salmon  and  appar- 
entlv  are  not  attracted  bv  mature  f(*males  as  the  adult  males  are.  It  mav  l)e  that 
they  return  from  the  ocean  as  tlie  stunteil  form  known  as  grilse.  It  is  prolmble 
that  several  months'  residence  in  fivsh  water  causes  the  generative  organs  to  mature 
both  in  the  adults  and  in  tin*  young  mah»s. 

Temi>eratnre  notes. — The  following  table  shows  the  number  of  young  salmon 
taken  at  one  haul  of  the  seine  in  water  of  various  temiH»ratures.  It  indicates  but 
little,  except  that  young  .Siilimm  may  reside  during  the  summer  in  water  having  a 
temperature  of  t)4  ^legrees.  The  25  taken  in  Thomas  Creek,  with  a  temperature  of 
08  degrees,  were  landlocked  in  a  shallow  [>ool. 
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ihitp.        .vf- I  w^    ,Vi'    :*y    r.:-    w-    :iy    «■■    m-    ii.~    itf    iw  j  ii- 


■'!!'>; 


Ill-Pit  . 

"ilv.. .'""!'.;''"■.  juij- 

D.. Il.t. 

ItodiiiiiK MiLy 

IMi Muy 

I)...- July 

D.. Ann, 

TlHtt!.- t'n-oir Apr 

Di... .IiUy 

Iti-rtlJuff Ajir. 

H>'l<>ir  KtilUutf .lulvK 

Miiiitli  of  Tli..niah  I 

fni-k May 

Vlnit. - May 

Jn-lntii !  Miiy 

ItrlnifH May 

HlxVlHta Msy 

B-ufa-in May 

Siui  Pnblu  Bay Jimo 


II 


Cmtrhisiim  ilr-iwii-  from  uluihj  of  Niimimr  /(.■</'/(/(/«. — It  si.h-iiis  i>riiloiit'  from 
thwi*  oliMcrvatioiis  tlijil  lln-  latcf  fiy  that  hat^-Ii  in  tlii;  hi-Hciwulcrs,  or  nrt'  plaii1<>(l 
tlieru  jift<T  IIk'  sitriii;;  Iri'slicls  liiivc-  ]»(ssf<l,  ai'i>  lialtU;  lo  ivruaiu  till  11i«  raiiiN  of  Ilic 
followiu;;  winter.  'VWih  ini.'ans  it  hUiw  ^i-owIIi  fur  at  kvisi  <>  nimiDis,  or  alioiit  ii  fifth 
of  Ihcir  Ki'^wiiirf  |MTioii.  It  iiu'aiis  IIr-  invfiH'ioiiMiiia(iiriii{r<'f  iho  laah's,  wl)i<-h  iimy 
Im  ivspoiiMilihr  for  thr  j^ivnl  iiiinibi>r  of  <1\varfs  known  as  ;;rilt(i-:  an<l  it  inoaiis  llnil 
I.">  iK-r  cijiit  will  Ix-conK-  iiifeslod  wilh  fiastric  pantsilt-s.  For  llit-si-  ivastiiis  it  is 
iinjR'rative  that  Ihi- fry  fiiini  our  hal<'hfriL-.s  Mhoiilil  not  Ik-  rt'U-ascii  alxnc  Itcililin^ 
after  th<'  sprin;;  fri-shcts,  though  thiy  may  iic  ivli-ascil  in  lUe  hradwatoiTi  carliur 
witUont  any  <1i-1rinii>nt,  anil  th«'y  ci-rlainly  slxaihl  mil  Im-  lii-lil  Jiflcr  tliis  linu-  iiu'ivly 
for  the  i>ur]mM-of  fi'iilinj,'.  SuiH'rinicmU'iil  Slichhy  of  Sisson  Malvhi-iy  Mtat4'S,  iw 
this  ]m]ii'r  is  ^oint;  In  p^-Hs,  that  thett-  an-  not  noarly  no  nnuiy  yoiiii;^  salninn 
n-mtiiniiijr  in  the  SavrHnii<nto  Itivi'r  nciir  SImsoii  diirin;;  llii'  sunnncr  sim-t-  In-  huH 
(|Uit  Inihlin;;  th^  fry  in  thi-  liat<-ln'ry  daring  lln-  cipring  fur  f<'(><lin;r  as  llicn;  wcm 
wht-n  lie  <liil  so  hold  tlivin.  Thoif  is  mi  ailvantagi'  in  hohliiit;  fry  in  tin-  halclnfrius 
for  ft'wUuy. 

FOOD   <iV    YlU'NIi    SALMON. 

fri'iifrril  uliiihj  iiffimil  'mfri-xh  ii-iih  r. — The  yoiiny  siilnmn  fi-cd  principally  npon 
floalinjr  or  driftinf^  insocts.  either  imnialui-e  or  adults.  When  foedinji  ihey  often 
taki-  a  Illation  below  a  stii-k  or  rock  and  catch  their  food  as  it  (loals  down  on  eiilu'r 
side.  TheyeaK»'rly  eateli  snuill  in^iH-tsand  larva'  if  thrown  intolhv  water.  Fry  1.5 
inches  lonfj;  have  l)een  olwrved  to  rise- io  a  small  lly  Ihal  ali^rhted  on  IlK'natin-.  They 
hardly  ever  eat  eneased  eaddis  larva',  n1thou;;lt  that  is  I  he  main  fcHid  of  the  troiil. 

The  folhtwing  is  a  tiilmlar  stalenieiil  of  the  stomach  contents  of  lii.'.'i  yoiinfr 
salmon,  Ix-inR  Imsed  on  an  examination  of  alsinl  five  specinu-ns  from  eaeh  liH-ality 
eauh  month  in  the  year  in  which  any  were  taken.  Thi"  rcconl  fori-aeh  lislicxtiniincd 
oon»islK  uf  t)ic  Stat  ion,  date,  sixe  of  fish,  and  niimlK-r  of  specimens  of  eaeh  kind  of 
fiKMl  or  other  material  found  in  the  stomach.  Four  forms  of  inseeis  an'  n-co^iui/.ed 
in  the  talile,  viz,  larva';  pujHe,  includiu}!  nymjihs:  flyiu)^  insects;  and  "lenvstrial 
iiusovls,"  iueludinj^  adult  wingless  iniK'ets  and  spiders. 
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Table  of  Httwiarh  ronienta  of  yonnij  sttitiion,  Sdcntmento  Daain. 

+  indicates  prosoni.t*  of  ctTtaiii  olijivts.  tlu*  miinlMT  t»f  whi<'h  was  u«»t  iU»tormin«.'<l.    The  totals  iu  last  two 
oolxunns  indif-at*?  numlx-r  of  flsht's  in  whose  stoiniK.'hs  iiarasites  nr  in<li>f(*stiljl«'  miittTial  whs  fnuiul. 
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Station. 


••    • 


X 

X        \ 

ti    7 


X«».  of  SlM.H'i- 

uieuuwith— 


3     , 


.»  ^  12. 


Sulla  way  Cixvk,  May  15,  IH!«s 


1 

•> 

4 

5 


s 

*" 
«# 

*» 

1. 

« 

A 

l.s 

2 

2.7 

:j^ 

i«; 

H.: 

> 

.«      fr- 


C"  W  w 


7-2 

r-'    5^    £  5: 


?  -! 


1        I 


4.7 


4 


Total Hi  rt 

A%'erage •^-  'i 


Sulliiway  Crv!««k.  Auk-  525.  1^»^ 


7  HI 

f<  :il 

«.♦  H.  8 

III  :15 


44 

4 
4 

s 

'.\ 


:^ 


1      1 


:{ 


a»  ... 

2       1  .. 
1       1  ' 


Total !«.«» 

A%-era[^e 3.*J 


Siiw^ui.  Aiiir.  r.».  l«w 


11  :J.  1 

12  '    3. 1 

13  3. 3 

14  3. 5 

15  3. 7 


Total 1«».7 

A  veratf  i» 3. 2 


Dunsimiir.  July  .S  l^(«^. 


2.5 


in 

17  3.0 

IS  :i.M 

\\\  3.H 


Total 1-M 

A  verajfe 3.  <» 


Siin>.  Mav  17,  l>!fri 


ai ,  i.r. 

21    •  2.«i 

:i*  3. 7 

•/3  i  '.\.  •> 


Total ■  11.7 

A  vtTUir*" - '    -  *•• 


Siiu-.Julv  '.».  W.«s 


24 

2ii 
27 


2.«i 
2.»> 
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44i 

y 

11 

1 

211 
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3 

13 

•> 
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13 
« 
1 


21 
5 

17 

5 
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4<)  ' 
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7       3    


1 
1 


+ 


(i 

+ 

4  : 
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3  1 

+ 

-t- 

*  1 
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17 
3 

12~ 

4 

5 
11 

:e 
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3 
1 


211 

24 

is    . 
1       2 


1        1 


1« 

iF 
41 

5 

9 
13 


1 

1 
3 


1  : 


T..tal     l»i.U 

Avcrajfo 3.4 


116 
Si 


Sim.*..  Autf.  17.  l«fr<. 


21^  .  3.H 

.HI  i  3.4 

31  3. 5 

:«  3.6 

'X\  '  H.h 

Total 17.6 

Averajfv 3.5 


IS 

I 

1<J 
3 

54 
II 


■    Sini.**.  Sept    IS.  isi^ 


.J5 


3  7 
3.S 

4  5 


3 
5 


Total ' 12.0 

Averatre 4.0  I 


Sinis.  i^X.  IS,  ISUe 


;I7  3. 1 

:^  3.  h 
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41  4  tt 

Total I»  5 
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Sim8,  !)««<•.  IH,  1««K 
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Haz<»l  <;roek,  July  «,  IWW 

Total 
A^'onijfi' 

Haz«^l  Creek,  Sopt.  IH,  1«W 


Total 
Averau:**  . 


Hazel  ('riM»k,  ()<-t.  IH.  1«« 


Total 
Avt»raK< 


No.of  SlKM'i- 

iiinnM  wit  li- 


ce 


-5? 

X 


X 
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Hazt'l  Croi'k,  Nov.  is,  1898 


Total 
Avt»nH;^ 


Hazel  CYjH'k,  Dw.  IH,  18HK . 

Total 
AviTagt 

t'all  Rivor  at  Dana,  Auijr.  as.  IHIW ...      H\ 
Fall  RiviT  at  mouth.  Auk-  5fl',  1H9H 


Total 
AveraKti 


McCnoud  Rivur  at  B«iitl,  S««pt.  16, 
18W 


Total 
Average 


RtHldiuK,  May  I,  l«i8 


Tiital 
Average 
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Tahlv  ttf  tttoiiuwh  nnitvuta  of  t/tmrnj  salntou,  Sdctftinenti*  Hasin — Coiitiiined. 
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Tliis  slndy  shows  titat  yimiiy  siiliiiiui  in  fresli  water  fttwl  exclusively  on  insects, 
ami  tliat  iiuiiialure  atiuiitiu  inseets  Tonu  hyfitrthe  larjjer  portion  of  their  food.  The 
>:euei'Hl  stimmaryof  thelal>li>  shows  that  ii[)pm\imatoly  lialf  of  the  food  of  thcsiH>ci- 
ini-ns  studied  c-on.HisUHl  or  piipm  (or  tiyintihs,  whieli  were  not  distingiiislicd  fi-uiii 
t)ii[ue),  one-third  of  Iiirvie,  niu\  oiie-sixtli  of  adiill  winfred  iiiseotB. 

Tliero  was  an  increase  of  flying  iiiseels  in  the  ffKul  of  speeinions  tnken  in  Sull.i 
way  Creek  in  August,  and  anineream'in  anion  ntof  food  in  speei  mens  fi-oniSinisdnrin: 
.luly  and  Aiignst.  It  was  during  September,  when  apjKirently  lliere  was  »  scarcity 
of  footi,  that  the  larger  young  salmon  disappeai-efl  from  Sims,  Ther«^i  wasan  inen-ase 
in  flying  insects  in  food  of  siieeimeiis  fi-<)m  Hazel  Creek  in  SeplemlK'r:  a  scairity  of 
foot]  and  a  noticeable  hick  of  larvie  in  sp<><-imenH  from  Itnltle  C'n-ek  in  Oetolx>r  and 
November,  and  a  smaller  amount  of  foiKl  in  specimens  from  the  lower  stations.  (See 
summary  for  May,  i>age  117.) 

Two  spec im«ns  from  above  Hear  Valley  Dam,  near  Olema,  taken  January  IS, 
ISUS,  had  stomachs  gorge<l  with  larvse  and  pnpa-,  one  having  al>out  5iiof  Ihe  fnnner 
and  25  of  the  latter,  but  no  indications  of  adult  insects. 

Tl live  specimens,  Nos.  117,  IIS,  and  i;i7,  of  foinl  table,  wei-e  taken  in  <)ctol)eranil 
NovemlH'r  before  the  yolk  was  yet  altstn'lM'd.  One  had  nothing  in  its  slomaeh; 
another  had  some  food,  but  it  was  unrecognizable;  Ihe  thinl  had  ealen  one  larva  and 
Iwo  adnll  inseeto,  Iwsides  senile  other  foiHl  that  was  unrecognizable.  This  indicates 
that  they  liegin  fewliiig  even  Ix-foi-e  the  yolk  is  all  al>sorl)e<i. 

The  food  datji,  if  arninged  aecoi-ding  to  size  of  (isli,  wouhl  give  the  following 
average  amounts  iH'r  tisli.  This  table  shows  that  pnitie  and  nymphs  an'  the  favorite 
foixl  for  all  si/.es.  Those  fmiii  lA  to  -  inches  in  leiiglh  feed  very  little  ujion  adnll 
iusoc^t^;  the  largest  size  feed  very  Utile  tiixin  iaivie. 


The  following  table  brings  together  a  slalcnu-nt  of  Ihe  average  amount  of  fowl 
found  in  the  stomachs  of  the  young  aalnioii  from  various  stations  for  the  month  of 
May,  Ihe  only  month  in  which  we  seeui-ed  young  salmon  fvom  many  of  Hie  h)wer 
stations.  The  table  indi<'a1es  that  theiiniiorbint  foiK)  of  the  young  salmon  through- 
out the  basin  in  May  was  lan'fc  and  pupte,  of  which  there  was  an  average  of  4.4  of  the 
former  and  U  5  ot  the  latter  |«*i  fish.  The  fish  examined  averaged  2.5  inches.  It 
also  show.s  there  was  a  slightly  smaller  amount  of  fotMl  in  s|>eeinieiis  from  the  lower 
portion  of  the  river.  They  weie  not  starving,  however,  and  there  is  no  evidence 
that  the  passage  down  the  river  is  detrimental  on  a<.-connt  of  Ihe  lack  of  finKl, 
"  in<lieates  an  average  of  less  than  one.  The  nuinl)ers  in  the  eolnmns  hcadc<l 
"No  food'  and  '  Paiasites'*  indicat<!  the  numlM'i  of  lishes  e.xamincd  ihat  had 
empty  stomachs  or  parasilcs,  as  tlie  ease  may  In.'.  The  totals  aiv  taken  Inmi  Iho 
eoinplele  tabh^  ol  lotHi,  hut  only  for  the  month  of  May,  and  ai-e  not  the  sums  of  the 
averages  given  in  this  table 
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Table  shoiriug  the  aventg*'  amount  of  food  in  stomachs  of  young  salmon  from  the 

i-arious  stations  in  May. 


Station. 

No.  of 

I  s]>ec'i- 

mens. 

.■> 

4 

♦i 

.'> 

.'> 

.'j 

5 
•* 

3 
."> 

Size. 

larvae. 

1 

PtJJMl'. 

Winded 
iDseccs. 

"^fi^"  Cru^ta  (Tftstrt^^ 

Uniden- 
tifiable. 

No 

Para- 

iiites. 

Snilaway  Creek  

3.3 

•*  •> 

2.5 
2.« 
2  2 
2.1 
2.4 
2.3 
2.4 
lA* 
2.3 

1 
9  1 
5 

I 
3 
1 
tl 

4 

•> 

9 
9 
1 
...... 

Hi 

s 
« 

13 

s 

4 
•» 

1 

1 

1 

3 

ft  1 

i<ii              t*i»             (a  I 
(«»         

3 

B.Hlding 

Battle  Cre»'k  fishery 
Red  Bluff 

1  '1 1         

t"i         

I'll 
(«ii 
,<i. 
I'll 
(<ii 

1 

1 

Tehama 

Chi(X)  Bridjre 

2 

Jacinto 

BntteC^tv 

1 

4 

.1 

("»         

Colusa 

I'M 

Grimes 

Knights 

•» 

Sa<'ram<*nto 

("t              ..... 

Rio  VLsta 

t 
.1 

1 

Total 

Average 

m 

2. 5 

Ai2 
4.4 

»i.  5 

«•>              2               1 

.1         i<i  1           ,ti , 

.1 

5 
.1 

•»  Indi»'at«*s  an  av»*raK»*  «»f  l<***»  than  on** 


F<n>i1  In  Ifraf'kish  trater. — Rehitivoly  few  si>ecimeiis  of  y4)un«^  salmon  have  been 
obtained  from  brackish  water,  and  tlie  following  table  irives  a  list  of  the  foo<l  found 
in  nearly  all  thai  were  canglit: 


Station. 


Benicia,  Feb.  21  t«.  Mar.  3. 1>^». 


N.'.     Size. 


d«  1.8 

flC  1.9 

aK  1.9 

2lW  1.9 

2HI  1.9 

211  2.2 


Total 14  3 

Average* 2.0 


Beniria.  Mhv  i:i-J».  l.'*.*^ 


Amphi    Ome     pj^j^    Adult     ^^^^^   F>ra- 


t\iupui 
p<xis. 


Total 
Avt-niire 


San  Pablo  Bav.Mav  17  21.1>«»<. 


Total 211  2 

A  veraife 

SumiHary/ttr  Jf)  brackish-init*  r  x^KTiMini*. 

Total      

Averajr«» 


The  chief  f«HMl  of  the  few  brackish  and  salt  water  specimens  studied  were  adult 
inse<*ts.  Only  5  of  the  20  siHH'imens  had  fe<I  to  much  extent  on  copeixxls,  and  only 
1  had  eaten  a  fish;  the  six^cies  of  the  fish  could  not  be  determineil,  though  it  was 
evidently  a  smelt  {Osinerus).  No  aquatic  insects  were  found,  such  as  were  found 
in  specimens  fnmi  the  lower  river,  which  indicates  that  the  fish  had  lK*en  in  brackish 
water  at  least  long  enough  to  digi*st  all  fresh-water  food. 
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Ciassificaliim  of  lh€  insect- foot}  of  young  s(i}moii. — The  foUowing  is  a  classified 
list  of  the  insects  faiind  in  the  stomachs  of  young  salmon  from  the  Sa<-nimento 
River,  collected  during  this  investigation,  as  reported  by  Miss  IJerlha  Clinpman. 
It  is  evident  that  in  many  c»r<>s  the  fish  confined  ttieniselves  largely  to  fowl  (^oUert^d 
at  the  surface  of  the  stntam,  as  is  the  case  with  fish  taken  at  Rio  Vista  in  Ma,\',  or 
those  taken  at  Fall  River  Mills  in  August;  otiiors  sought  the  iinniatnre  forms  living 
under  water,  as  can  be  seen  from  the  majority  of  eases  in  the  list.  Jlnl  in  no  ease 
can  this  distinction  in  feeding  habil.s  be  definitely  miide.  They  seem  i<>  have  fwl 
indifferently  on  water  and  surface  forms.  These  surface  fonns  aii'  almost  invari- 
ably insects  living  almut  streams,  and  which  might  thereftn-e  easily  have  fallen  into 
the  water  from  overhanging  plants.  Mueli  of  tlio  slonuK'h  contents  had  Iwen  so  far 
digested  that  it  was  not  possible  lo  identify  the  insects.  Other  ins«'cls  have  l>een 
partially  determined  l>y  single  wings  or  particles  of  the  Ixxly;  but  it  ncenietl  net  so 
important  to  cany  the  classification  to  siweies  as  to  detennino  the  tyis-s  of  insw'ts 
forming  the  fooil  of  young  fish.  The  resulls  of  the  study  are  given  in  the  following 
table: 

(HaMKifiFutioH  iif  iniui-l  fmxl/tir  ynuinj  nahiiiiu. 


Balls  Fonr.. 
WmlDotUravi 
BallH  F.Try . . 


tenltliM'! 


Chii^o 

jB>-iiilo 

Bulto  City . . 


BentRlkihTtt'kiiA) 
Plniils  rhrw^khllil. 
Point  nli'hiutind 


Buel'Crvi'k . . 

tfaxIdloK  - 

BktUeOrvk.. 
Miwim 


BanlelY™lt.- 


3LJB 


1 

^ ' 

I'i 

1 

? .  1 

.,;('. 
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Claxtijieation  o/  iuHect  fcnxl  for  young  salmon — Continued. 


I  s 


S        k 


PUw 


•f 


Dat«*. 


Walnnt  Grove January  .    :*• 

Balls  Ferry February    *2 

Walnut  On)vo do  ....  ♦^ 

Benicia do 3 

Ball8  Ferry Man»h ....  *Si 

Walnut  Grt.ve do.   ..♦ai 

Benicia  «l>ra<'ki>h  ■ do 4 

Battle  CYeek April 5 

Sacrament4> do *\s 

Olema do   .  .  ♦tis 

Si!«K>n May 5 

Sims do 4 

Bedding ...do. ...     « 

Red  Bluff do   ...     5 

Tehama do *> 

Jacinto do 2 

Rio  Vifita do ;> 

Benicia  ( brackish )     ...  do 5 

Pinole  ( brackish  >    do 7 

Dunamnir do 

Hazel  Creek do 


2     I 


+ 


1  I  t 

•f 


♦/ 


12 

l\ 

■*■ 


1        1 


3 


2 
4 


i'2 


1 


A 


Redding do 

Battle  Creek do 


4 

1 
5 
1 
4 


1 
2 


2 

+ 


1 


5 


1 


."i     2 


Siseon Aujrust... 

Dana do 

Fall  River  MilL* do... 

Sims do  — 

Sullaway  Cre^^'k.   .  September  ♦IS  3 

Sims do ♦y  ;  ..      •: 

Baird do 5 ' 

BattleCreek do... .MS  ;/3   li   ..     ♦ 

Sims O-tober..      5  

Hazel  Creek do '> 

BattleCreek do...    a> 1 

BattleCpcH»k Noveml>er   10  i...     12 

Sims December     .*»  '...       1 


1 

.1    1 
1 


1 
4 

:V 


* 


U 


8 


•> 


3 
2 


■  Me^ns  pn»sent,  but  numb^-r  n«»t  kn  "wn. 
/  Means  larva. 


;*  Means  pui»a. 
(f  Means  adult. 


♦  Mean.**  mori'  than  li». 
X  Means  more  than  5. 

The  f<)ll<)win«r  list  of  eominon  iiiimos  will  1k»  of  assistan<*«»  to  those  who  are  not 
familial*  with  the  seientifie  terms  used  in  tlie  alxive  table: 


Odonata: 

Libellnlidte Dragon-flies. 

Ephemerida  .        May-flies. 

Plecoptera  ...     .    ..Stone-flies. 

Orthoptera: 

Acridi<liP Grafv^hoppers. 

Hemiptera     Bngs.  lice,  aphids.  etc. 

Corisida'       Water-boatmen. 

Notone:-tid-e     . .  Back-swimmers. 

Capsidie   Leaf-bngs. 

Jassidte  .   . .  Leaf-ho])per5». 

Membra<.*idie  . . .  Tree-hoppers. 

PsyUidie Jnni])iug  plant-lice. 

Apbididie  .  Plant-lice  or  aphids. 

Trichoptera Caddis  flies  or  caddice 

worms. 

Lepidoptera Moths,  skippers,  butterflies. 

Coleoptera Beetles. 

Staphylinida* . . .  Rove  l^eetles. 

The  following  is  a  list  of  insects  having  the  early  .^^tages  pass^Ml  in  the  water, 

select e<l  from  the  set  worke<l  over: 

Ephemerida.  Trichoptera.  Chironomida*. 

Plecoptera.  Tipnlidap.  Simnliidap. 

Corisidee  (entire  life  in  water).  Blepharocerida*.  Leptidap. 

Kotonectidje  (entire  life  in  water ) .  Cnlicidse.  Coleopteroos  larvae. 


Diptera: 

Ti])nlid5P Crane-flies. 

Blepharoceridie Net-wingeil  midges. 

Cnlicidie Mosqnitoes. 

Chironomida* Midges. 

Ceratojx>gon .    . .  Pnnkies. 

Simnliidie Black  flies. 

Leptidae Snipe  flies. 

Empididae Dance  flies. 

Phorida? Hompbacked  flies, 

Mnscidap Mnscids, 

Dexiime Nimble-flies. 

Anthom\iina?  .     Anthom\iids. 

Mu^-inap Common  flies. 

Hymeno]»tera Ants,  bees,  wasps,  etc. 

Ichnenmonida?  .  Ichneumon  flies. 

Brax.'onida^ Braconids. 

Formicid* Ants. 
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THE  PERIOD  OF  GROWTH. 

Of  the  ocean  life  of  the  salmon  very  little  is  known,  although  it  comprises  two- 
thirds  of  their  (existence.  They  have  l)een  taken  in  Tomales  Bay  when  four  months 
old,  about  20  miles  from  the  mouth  of  the  sti'eam  in  which  they  had  l)een  plantt^, 
and  a  few  of  al)out  the  same  age  have  l)een  taken  in  San  Pablo  Bay.  These  were 
on  their  way  to  the  ocean  and  were  alreatly  in  nc^arly  pure  sea  wat^^r.  SiKH»imens  8 
to  15  inches  long  are  sometimes  taken  by  anglei's  in  San  Francisco  Bay.  In  the 
estuary  an<l  along  the  bear'h  at  Karluk,  Kadiak  Island,  Alaska,  the  writer  has  seen 
schools  of  several  hundred  S-inch  red  salmon  that  had  come  inshore  with  the  adult«. 
These  wen^  f(»cding  and  were  not  dwarfs  on  their  way  to  spawning-grounds. 

Salmon  an*  sometimes  taken  iu  the  o(*ean  near  San  Francis<M>  in  ])aranzella 
nets  and  are  also  captured  in  large  numbers  with  the  troll  in  Monterey  Bay,  wheiv 
they  api>ear  in  February  and  are  found  until  the  mi<ldle  of  August. 

Something  of  the  ocean  life  of  the  salmon  might  1m»  learne<l  by  making  a  study 
of  the  food  found  in  the  stomachs  of  individuals  taken  when  they  first  enter  Mon- 
terey Bay.  At  such  tinu\s  a  portion  of  the  fo(Ml  taken  on  th(»ir  offshore  f(»edi ng 
grounds  should  yet  Ik»  in  identifiable  condition.  Tlie  presence  of  deep-water  fishes 
or  crustaceans  would  indicate  a  deep-water  life  for  the  salmon. 

During  its  life  in  the  sea  the  salmon  is,  of  coui-se,  not  entin»ly  free  from 
enemies,  and  something  might  be  learned  of  them  by  studying  the  semi's  left  by  the 
injuries  they  inflict  where  they  fail  to  kill.  Injuries  and  deformities  received  befoi-e 
entering  fresh  water  were  of  frequent  occurrence*  among  spawning  fislu^s  at  Battle 
Creek  in  1S97,  but  no  particular  attention  was  given  them.  Tlie  males  oft<^n  had 
the  snout  twisted  or  split,  or  even  cut  off.  Very  often  there  were  one  or  more  scars 
ext-ending  obliquely  backward  and  downward  on  the  side  al>ove  th(»  anal  fm.  Some- 
times two  or  three  were  parallel,  as  if  they  were  scrat<.»hes  made  by  teeth  of  some 
other  fish  while  the  salmon  was  smaller.  These  scales  wcmti  more  oft<?n  present  on 
the  femal(»s.  The  dwarf  females  were  always  injured  in  some  way.  Very  few 
injure<l  fishes  were  observed  in  1808.  Two  had  lost  th(»  ventral  fins,  one  had  lost 
the  lower  two-tliirds  of  the  opi^rde,  two  had  defonmMl  backlnines.  Only  one  fish,  a 
female,  had  the  oblique  and  parallel  scars  mentioned;  th(»y  were  slightly  curved  and 
in  two  s(»ries  of  s<»ven  each.     This  subject  is  worthy  of  further  consideration. 

A  very  chara(*teristic  scar,  and  one  that  always  attracts  att^Mition,  is  that  left  by 
the  sucking  disk  of  tlie  lamprey.  The  lamprey  has  no  lower  jaw,  its  mouth  being 
circular  and  of  the  size  of  the  end  of  its  head.  The  gullet  ends  in  the  middle  of  the 
mouth  and  is  bounded  on  the  upper  and  lower  sides  by  hooked  teeth.  There  art^ 
other  smaller  liooked  te<ith  above  and  below  these  on  tlie  disk,  an<l  on  each  sid(»of  tlie 
disk  there  ait^  about  four  short  cross  rows  of  teeth,  and  the  whole  circumf(»nMice  of 
the  disk  is  beset  with  small  teeth.  When  the  lamprey  att acinus  itself  to  anotluM-  fish 
the  outer  row  of  small  teeth  leaves  a  scar  somewhat  resembling  the  milling  on  a  (»oin, 
which  has  led  imaginative  i)ei'sons  to  see  in  the  whole  scar  a  resemblance  to  a  brand 
made  by  a  heMed  coin.  The  illustration  on  plsiie  1.'3  is  ma<le  from  tlic^  photograph 
of  a  lamprey  scar  on  the  opercle  of  a  blueback  salmon  found  at  Karluk,  Alaska. 

Ill  1800  5,000  marked  fry  were  released  in  a  tributary  of  the  Columbia  River; 
about  400  of  these  were  taken  in  1808,  and  a  few  more  each  in  ISOO  and  lOoo.  This 
indicates  that  most  salmon  remain  in  the  ocean  two  years,  though  a  few  remain  thre(» 
or  four  years,  as  will  be  seen  from  the  following  chapter. 


HMER  RUN,  aEPTEMSER,   I 
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THE  ADULT  SALMON. 
MIGRATION. 

Do  salmon  rfhirn  fo  fhfir  mtfir*  sfrtfims/ — There  is  a  widespi'ead  lH4ief  that 
when  a  salmon  n»turns  to  fr«»sh  wat<»r  to  breed  it  seeks  the  stn»ani  in  whieh  it  was 
hatched,  thon;Lrh  th<M'e  is  v<*rv  little  evi(k*nce  that  such  is  true.  Various  lishermen 
claim  tliat  tln\v  <'an  distiuiruish  the  salmon  of  parti<*ular  streams  by  tlieir  »reneral 
ai)i)earan<'e,  which  is  in<*nMlibl<\  Th<»  employers  of  tlie  Alaska  Paek<M*s'  Association 
stat«*  that  the  re<l  salmr»n  taken  at  T^anuk  an*  always  smaller  than  thosr  taken  at 
Karluk,  lM)th  i>laccs  on  the  north  coast  of  Kadiak  Islan<l,  Alaska;  that  13  of  the 
former  ar<»  nniuin'd  t<»  make  a  case  of  <*anniMl  salmon,  wliilc  only  11  of  the  latter  are 
nec<»ssiiry.  This  M^ems  to  indicate  that  the  salmon  of  the  two  localities  are  distinct, 
])Ut  tlic  lar<rer  salmon  may  «;o  to  Karluk,  m»t  because  they  have  be<Mi  hatclied  in 
Karluk  Lake,  but  IwM'ause  thev  are  larirer. 

In  1SU7  s;».">,(KM)  ((uinnat  salmon  fry  were  release<l  in  Paper-mill  Cnn^k  and  its 
tributaries  drainin.ir  inl<»  Tomah^s  l>ay,  California,  and  2,<mm»,(Mm>  alevins  were 
ndeasiMl  in  the  same  stn'ams  in  ls!»s.  (See  ''()bservali<»ns  on  alevins  aKificially 
ivan*d.")  In  T'oo  a  few  salmon  wtM-eseen  in  Paper-mill  Civek,  an<l  in  lind  they  were 
abundant.  In  one  liaul  of  the  seine  in  the  tidi»-water  portion  <»f  Paper-mill  Oeek, 
coverinjj:  a  section  about  l.">o  feet  lonjr,  "  qiiinnat  salmon  were  taken  November  1(5, 
llMd.  It  is  wtdl  known  that  ([uinnat  salmon  did  not  breed  in  Pai)er-mill  Cn^^k  or 
its  tributaries  previous  to  ls!»7,  f<»r  wliich  reason  these  streams  w(»re  sele<'ted  for  the 
expi»riment.  Mr.  Th<»mas  Irwin  reixu'ts  that  h<»  saw  two  larjre  salmon  in  Pai)er-mill 
Crei'k  about  isnn,  Imt  witli  these  excentions  he  never  saw  anv  fishes  in  tlie  sti'eam 
that  mi^ht  be  taken  for  ([uinnats  until  11hm».  lie  lives  on  the  banks  of  the  erec»k 
and  knows  the  stream  thoroujrhly.     His  statement  ajj:rees  with  that  of  other  ixM*sons. 

I^H)er-mill  Creek  is  not  suitable  for  quinnat  salmon,  bein»r  entirely  too  small, 
but  it  is  frequeiitiMl  by  do^  salmon  and  steelheads. 

Hut  there  is  no  conclusive  evidence  that  the  fishes  whieh  were  fouml  in  Paper- 
mill  Creek  in  I'Joo  an<l  I'.'Ol  were  tlie  sjimc  individuals  ndease<l  there  thi^ee  or  four 
years  previously.  Tlu\v  may  have  been  merely  stray  lishes,  and  tlieir  In'injr  found 
there  at  tliat  time  onlv  a  c<»inci<len<'e:  or  their  cominir  into  Tomales  l>av  mav  have 
lx*en  causi'd  by  then*  beinjr  «ni  extra  larj^e  number  of  salmon  in  the  o(*ean,  which 
mij^ht  very  well  be,  owing  to  the  larj^e  output  <»f  younjr  fi'om  the  halcheri<'s;  or  thoM» 
foun<l  in  Pai)er-mill  Creek  in  llMK»and  lU'd  may  have  been  some*  of  those  ndeased 
then\  in  whi<*h  <*as(»  it  is  very  probable  that  they  ha<l  nevc^*  reaidied  the  ocean  at  all, 
but  remained  in  Tomales  Bay.     Paper-mill  Cn*ek  would  th<*n  1m»  their  only  stream. 

It  is  incredibh*  that  the  salmon  remem]M*r  their  native  stream  during  their  two 
or  three  vears  of  <»cean  life  and  that  thev  consciouslv  seek  it  when  tht»v  <lesire  to 

•  •  •  • 

r«»turn  tt)  fresh  water.  Pi-obablv  most  of  them  do  return  to  the  stn»am  from  which 
they  entered  the  ocej^n,  not  because  it  istheir  native  stream,  but  iM'cause  tlu\v  do  not 
<r«'t  far  awav  from  its  mouth,  an<l  when  readv  to  return  to  fresli  water  it  is  the  first  to 
attract  them. 

TJtr  inn  runs  nf  siihnnn. — .Vdult  salmon  mav  b<»  found  in  tlu*  Sa<'ramento  Kiver 
at  almost  any  time  of  the  year.  There  are,  however,  two  more  or  less  distinct  runs, 
till*  fii-st  of  whi<*h  passes  up  the  rivei-  dni'inj;  Api'il,  May,  and  .lune,  an<l  the  latter 
during  .Vuirust,  S<*ptemlM*r,  and  OctolxM*.  The  formiM*  is  kn(»wn  as  the  sprin*;  run, 
the  latt<»r  as  the  fall  run. 

The  salnK)n  of  the  sprin«r  run  ascen<l  the  river  to  the  headwater,  such  as  the 
Upper  Sacramento,  McCloud  River,  an<l  Hat  Creek,  and  some  of  the  earlier  ones  even 
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pass  Pit  River  Falls  and  aseoiul  Fall  River  to  its  source.  They  are  not  found  in  Pit 
River  above  the  mouth  of  Fall  River.  By  the  time  they  reach  this  portion  of  the 
stream,  the  Tapper  Pit  River  is  very  low  and  the  water  impure,  and  the  salmon  all 
turn  into  Fall  River.     The  salmon  of  this,  the  spring  run,  spawn  mainly  in  August. 

The  fall  salmon  do  not  ascend  the  river  as  far  as  the  spring  run,  but  turn  into 
the  lower  tributaries  or  spawn  in  the  main  river.  They  rejich  their  spawning- 
grounds  during  the  latter  half  of  October,  November,  and  th(^  first  half  of  December, 
and  spawn  soon  after.  The  main  river  is  very  low  at  that  time  of  the  year,  and  the 
portion  between  Tehama  and  Redding  is  an  i in ^wrtant  spawning-ground.  (See  chart 
of  spawning-grounds,  plate  17.) 

As  a  matter  of  fact*  there  is  no  definite  distinction  l)etween  the  spring  and  fall 
runs;  that  is,  there  is  no  time  during  the  summer  when  there  an>  no  salmon  running. 
First  tlien*  are  a  few  very  early  salmon  that  begin  running  up  the  river  in  Febniaiy, 
and  the  number  inci*eases  until  May  when  it  dec  refuses  till  July;  then  it  increases 
till  the  first  of  SepU^mber  when  it.  again  deci*eases,  there  Iwing  a  very  few  each  month 
until  the  next  spring  run. 

The  spawning  seasons  merge  in  the  same  way.  The  earliest  salmon  go  farthest 
upstream,  and  as  the  sejison  advances  tlu^y  stop  at  lower  points.  The  localities  and 
dates  of  the  spawning  of  the  earlier  salmon  have  not  been  det^»rmined,  except  that 
Superintendent  Laml)son,  of  Baird,  reports  liaving  se(»n  a  pair  of  spawning  salmon  in 
the  McCloiul  at  the  hatchery  on  the  20th  of  April,  11K)2,  which  is  the  earliest  record 
known.  By  the  1st  of  OctolxM*  spawning  fishes  are  found  as  far  downstream  as 
Redding,  and  as  far  as  Tehama  by  the  first  of  November. 

Details  of  mujration, — Wluui  the  salmon  enter  San  Francisco  Bay  tliey  come  in 
against  the  ebb  tide,  stem  the  <Hirrent  till  the  tide  changes,  and  then  run  out  against 
the  flood  tide,  losing  much  of  the  distance  gained  during  the  ebb.  How  it  is  that 
they  do  not  los<^  altogether  as  much  as  they  gain  will  lx>  understood  fi-om  the  following 
explanation:  The  tide  runs  up  the  bay  and  river  as  a  broad,  low  wave,  on  the  upper 
side  of  which  is  floo<l  tide  and  on  the  lower  side  ebb  t  ide.  When  thecrestof  a  wave — 
that  is,  slack  high  wat(»r — is  at  Isleton,  the  trough,  or  slack  low  wat^er,  is  about  at  the 
Golden  Gate.  This  wave  is  about  three  hours  reaching  Benicia  and  four  in  reaching 
Collinsville.  The  farther  up  the  bay  and  river  it  rea(»he8  the  smaller  the  wave 
becomes,  the  shorter  the  flood,  and  (as  the  flood  and  ebb  combined  must  Cfjual  12 
hours)  the  long(»r  the  ebb. 

The  following  diagram  will  illustrate  the  movements  of  a  salmon  in  passing 
through  th(*  bays:  a,  ?>,  and  c  represent  the  ti<le  wave  at  succ(»s8ive  points  as  it 
passes  up  the  bay,   <  ^»   indicates  ebb  tide,  and  w^   >  flood  tide.     Suppose  that  a 


7ot¥4rd  Ht€  au9n. 
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salmon  ent<M's  the  Golden  Gate,  GG,  at  the  beginning  of  ebb  tide,  which  would  l>e 
the  most  favorable  time.  His  position  on  the  wave  will  be  at  .s.  If  he  is  able  to 
travel  up  tlu^  bay  a,s  fast  as  the  wave  lu^  will  ke<»p  his  position  near  the  civst,  that  is 
at  s.     But  he  can  hardly  do  that,  especially  as  the  current  would  be  very  slight. 
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and  in  the  l>roa<l  bay  hai-dly  stron<^  enoufi^h  for  his  jjuidance.  Suppose  that  by  the 
time  he  n*aehes  Henieia,  /?,  ho  has  fallen  l)ehiml  the  wave  until  he  has  the  position 
at  s.  It  is  th(»n  slack  low  wattM*,  an<l  he  ean  make  no  hea<lway.  ^(nm  tlie  next 
wave  reaches  him  an<l  he  is  in  flooil  ti<le.  He  will  tlieivfore  swim  back  against  the 
current.  As  the  wave  is  ^oin<;  up  thr  bay  and  he  is  j?oing  down,  he  soon  jrets  past 
the  cn^st  and  timls  himself  in  the  ebb  tide  at  s".  He  then  turns  an<l  stems  the  ebb 
tide,  an<l  as  the  wave  is  ^oinjj:  in  th<»  same  <lire<*tion  h«»  is,  he  <r(>es  much  l)eyond 
Henieia,  />,  lM*fore  he  again  falls  back  to  shxek  low  water  at  .s'",  and  gets  into  the 
flood  of  the  next  tide  wave. 

Then»  is  noway  of  tracing  the  passage  of  the  s^ihrnm  through  the  bays,  but  from 
records  made  at  Vallejo,  Henieia,  and  CoUinsville  it  seems  to  require  al)out  a  week 
to  reach  the  mouth  of  tin*  river  after  thev  enter  the  (rolden  Gate. 

Plat<»  14  indicates  th<»  catch  of  tish  at  various  places  from  Vallejo  to  Sacramento 
for  a  certain  period,  and  is  intended  to  show  the  passage  of  two  schools  l>etween 
the  two  places.  Each  division  of  the  diagram  in<licates  the  relative  amount  of 
salmon  taken  at  the  ten  plai'cs  during  one  day,  the  unit  being  the  average  daily 
catch  at  the  given  phice.  The  vertical  spaces  indicate  tenths  of  the  average  daily 
catch.     By  a  careful  study  of  the  diagram  the  following  points  will  be  notiMl: 

On  Monday,  April  25,  there  were  few  fish  taken  anywhere,  the  catch  l>eing  less 
than  the  average  at  all  [)oints.  This  is  the  more  marked  because  the  Monday 
catch  is  on  an  average  25  ix*r  cent  gr(»ater  than  that  of  other  days,  on  account  of 
there  lieing  no  fishing  on  Sunday.  On  Tues^lay  theiv  was  a  big  catch  at  Vallejo 
(3.0  times  the  average),  and  a  slight  inci*ease  at  Benicia  (1.1),  Dutton  (1.2),  Black 
Diannmd  (1.2),  and  CoUinsville  (0.9).     There  was  little  or  no  increase*  at  other  i>oints. 

On  Wedne.s<lay,  the  second  day  of  the  run,  the  catch  at  Vallejo  had  fallen  off, 
and  by  Thui's<lay  the  run  had  entirely  passed  that  point.  The  points  on  Suisun 
Bay  and  along  the  river  as  far  as  Islelon  were  gained  on  the  second  and  third  days, 
and  the  run  reach#»d  Courtland  on  Fri<lay,  the  fourth  day.  Then*  was  no  fishing  at 
some  of  the  upjKM'  stations  on  Satunlay,  that  is,  Friday  night,  th<»  law  prohibiting 
fishing  fnnn  sunrise  Saturdav  to  sunset  Sundav,  and  the  n*conl  for  tlie  fifth  dav  is 
incomplete.  I'his  run  was  two  <lays  in  passing  Vallejo,  and  four  days  in  going  from 
Vallejo  to  Courtland. 

On  Friday,  April  20,  another  run  began  pas.sing  Vallejo,  the  catch  IxMUg  over 
three  times  the  average,  an<l  the  next  day  it  had  increase<l  to  over  six  times  the 
average.  On  Monday  the  Vallejo  catch  decreased  to  1.1».  on  Tuesday  to  1.7,  and  on 
Wednesday  to  n.4,  the  run  l>eing  five  days  in  pa.ssing  that  place.  This  new  run 
was  not  noticed  at  the  other  i)oints  on  Friday,  but  on  Satui-day,  the  second  day,  it 
had  reached  all  jKjints  up  to  CoUinsville  at  the  mouth  of  the  river.  By  Monday,  the 
fourth  day  of  th<»  run,  it  had  reacluKl  all  points  from  which  we  have  reconls,  the 
gn»atest  increase  Inqng  at  the  stations  farther  u[)  the  river.  During  the  ivmainder 
of  this  week  the  catch  <'ontinue<l  to  fall  off  at  the  lower  staticms,  but  continued  very 
large  at  Sa<*ramento.  By  \V<Mlnes<lay,  the  sixth  clay,  it  had  passed  liio  Vista,  and 
Walnut  (irov«'  bv  the  seventh.  On  Fri<lav  th<M'e  was  still  a  big  catch  at  Sacramento 
(5.1»)  and  at  Courtland  (o.S).  Th<*  leconl  is  imi)erfect  for  Satunlay  as  usual,  but 
apparently  the  run  ha<l  passe<l  all  stations.  To  sumnuirize:  This  run  was  five  days 
in  passing  Vallejo.  The  foremost  wen*  four<lays  going  from  Vallejo  to  Sacramento, 
and  the  run  was  five  days  passing  Sacramento. 
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The  spring  run  passes  iii)sti'eain  ijuite  rapidly,  reaching  their  spa wninp:-jcround8 
on  the  MeCloiid  River  in  about  six  weeks  aft(»r  entering  the  river  at  Collinsville. 

The  fall  run  moves  more  slowlv.  Thev  are  about  two  months  n.»aching  their 
spa^vning-grounds,  which  are  not  so  far  upstream.  The  Hood  and  ebb  tid<'s  are  more 
nearly  equal,  owing  to  the  smaller  amount  of  water  coming  from  the  rivers,  making 
the  i)assage  of  the  salmon  through  tin*  bay  a  litth*  l<mg<M\  The  nets  of  the  iish- 
er men  also  otter  a  gn»ater  obstruction  during  th(^  low  water  and  in  this  way  hold' 
the  salmon  back.  In  11)00  salmon  were  taken  in  abundance  in  Suisun  Uav  and 
in  the  river  as  far  up  as  Rio  Vista  by  the  middh*  of  August,  but  wen^  not  taken 
at  Sacramento  until  after  the  first  of  September.  The  low  water  doubtless  nnwle  the 
movement  slow,  and  the  taking  of  from  2,<M)n  to  lOjMM)  daily  out  of  a  slow  run  would 
a(*count  for  their  nonappearance  at  Sacram(»nto. 

Upon  n^iching  tlie  shoals  in  the  mi<ldl<»  portion  of  tho  river  they  <*east»  their 
migration,  having  already  found  goo<l  spawning-grounds.  In  ls!>s,  ISiM.),  an<l  IIMM) 
the  water  wiis  normally  low  and  a  large  projjortion  of  the  salmon  found  spawning- 
places  in  the  main  rivcM*.  Tin*  <»arly  high  water  and  fr(»<|uent.  fall  rains  in  1S07  s<Mit 
them  into  th(»  tributari<»s. 

Tlie  latter  part  of  September,  1Ih)1,  l">OsalnH»n  we?*e  weighe<l  an<l  branded  witli 
serial  numbers  and  n^leas(»d  in  the  river  n<»ar  Rio  Vista.  Thr<M»  of  these  were  taken 
at  the  hatchori(»s  the  latter  part  of  November,  just  at  the  <*lose  of  the  season.  The 
following  is  a  parti(*ular  account  of  tlies(»  three  sp(»(*imens: 

No.  8,  a  fenml<^  was  branded  September  L*(),  when  it  weighed  ].*5,0:JO  grams.  It 
was  taken  again  at  Mill  Creek  fisln^ry  Novemlu'r  2o,  wh(»n  it  w<'igh<Hl  10, 180  grams, 
having  been  <>4  days  (m  the  roa<l  and  having  lost  l*«>  ])er  cent  of  its  weight. 

No.  in,  also  a  female,  was  branded  September  l*-!,  wlu^n  it  weigh(»d  S,470  grams. 
It  was  retaken  at  Mill  Creek  November  20,  when  it  weighed  7,H)0  grams,  its  time  in 
passing  up  the  river  being  50  days  and  its  loss  in  weight  being  IT)  iM»r  (MMit.  This 
siRHMmen  was  returned  to  the  creek  after  lM*ing  w<»ighed  Nov<»mlM»r  2o.  It  was 
found  dcjwl  on  the  ra<^ks  8  <lays  later,  when  it  had  spawn<»d  all  but  20  of  its  ova. 
Its  weight  liad  decrease<l  1,800  grams. 

No.  4»5,  a  male,  was  branded  S<»[)tember  2o,  wlien  it  weighed  10,OS(»  grams.  It 
was  taken  at  Hattle  (-reek  November  2;"),  wh<»n  it  weighed  0,27;")  grams,  nniking  its 
time  from  Rio  Vista  <»<»  days  an<l  its  loss  in  w(»ight  2-5  per  cent. 

This  import^mt  exiHM'iment  proves  that  tlie  fall  salmon  travcd  very  slowly,  at  a 
rate  of  4  or  T)  miles  a  day,  and  recjuire  about  two  months  to  n»aeh  tin*  spawning- 
grounds  from  the  mouth  of  the  river. 

The  salmon  of  the  spring  run  arrive' at  their  spawning-grounds  fnnn  two  to  six 
weeks  or  even  long(^r  betore  they  are  ready  to  spawn.  This  time  they  spend  lying 
quietly  in  the  pools.  The  fall  salmon  are  mon»  nearly  rip(»  wIhmi  they  reach  their 
spawning-grounds.  Indeed,  it.  is  probable  that  many  of  tlnMU  cease  to  aseeml  the 
streams  only  wIkmi  th<\v  ar<^  ready  to  spawn. 

Downstream  morcnnnl, — Tnder  onlimiry  conditions  then*  is  probably  little  or 
no  downstream  movement,  yet  wIkmi  the  salmon  me<^t  with  sueh  obstructions  as  the 
racks  at  the  fish-culture  stations,  there  is  a  ten<h»ncv  to  go  back  downstrc^am.  At 
Battle  Creek  fishery  more  salm(;n  are  tnk<»n  at  the  lower  (Mid  of  the  pool  than  at 
the  upi)er,  indicating  that  they  go  as  far  <lownstreaiii  as  possibI<»  under  tlu»  ein'um- 
st-ances.     The  large  numlKM*  of  fishes  in  good  (condition  that  get  caught  on  tin*  rack 
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indicates  :in  attempt  to  go  downstream.  They  may  fre<iuently  I>e  seen  eoming 
downstream  toward  the  ra<'k,  though  I  have  never  seen  any  try  to  get  tliroiigh  it. 
When  they  get  close  enough  to  the  ra<'k  to  feel  tin*  fon^e  of  the  swift  current,  they 
alwavs  trv  to  turn  ha<'k.  Eventuallv  thev  become  so  weak  that  thevare  unabk*  to 
keep  from  being  carrie<l  onto  the  rack,  where  many  of  them  jX'rish. 

Tliere  are  also  a  few  (islies  that  <lrop  downstream  as  they  In^come  exhausted 
from  long  resilience  in  fresh  water;  rarely  from  spawning.  Sucli  were  found  ahnost 
dciily  on  the  upiM*r  ra<-k  at  IJattle  C'r<M*k  fishery  in  Tjoo,  V(»ry  few  of  tliem  had 
spawned,  though  th(\v  won-  almost  <-ompletely  <*xliaust<Ml  and  hardly  ever  lived  over 
a  dav  after  cominir  near  the  raek.  Such  speeimeiis  usuallv  lie  in  tlie  less  swift 
water  some  in  or  15  yar<ls  above  th«'  ra<*k,  wIkmv  littlo  elfort  is  rtMiuired  to  maintain 
a  position.  As  they  Imm-oiik^  weaker  and  the  <*uri-ent  cai'ries  them  ])ack  toward  tlie 
rack,  tliey  swim  baek  and  forth  a<*ross  the  creek,  their  bodit^s  set  obli<]U(dy  to  the* 
current,  and  their  tails  frequently  almost  touch  the  rack.  A  very  little  of  such 
exertion  soon  exhausts  them,  and  frequently  they  go  but  a  ft»w  feet  l>efoix»  being 
carried  against  the  ra<-k,  when*  they  die  in  a   few  minutes. 

Relation  hf  hrtf  n  K'tti/Jftr  uikJ  in'uimlion. — It  is  popularly  suppose<l  that  the 
movement  of  salmon    in  tlie    rivers  is  largelv  det(M-min<Ml    bv  weather  con<litions. 

•~        ft  ft 

Almost,  anv  lisherman  ean  tell  of  a  notabh*  run  of  salmon  that  atn'ompanied  or  fol- 
lowed  a  south  wind.     ObsiMvalions  ma<le  durinir  two  vears  at  l>attl«'  Creek  fish<M'v 

•-  ft  » 

show  that  thtM'c  is  no  relation  whatever  between  the  dire<'tion  of  the  wind  and  tlie 
movements  of  salmon.  A  strong  wind  of  any  dire<*tion,  however,  does  appariMitly 
cause  them  to  move  upstream  when  they  have  lM*eu  lying  in  a  pool  for  some  time. 
The  most  notable  movement  at  IJatth*  Creek  fisherv  in  isns  was  <'oinci<lent  with  a 
strong  north  wind.  A  lain  or  a  slight  rise  in  th<'  wal(»r  usually  <*auses  tlHMii  to  run 
upstream,  but  not  always.  There  is  ai)pareutly  no  relation  whatever  Ijelween 
weather  conditions  an<l  ripening  of  lish. 

CHANCIKS    IN'    SALMON    AKTKK    KNTKKIN(i    FKKSH    WATKK. 

Tin  (ilinn  ntai'ii  mnoL  —  It  is  not  uneornmon  tor  lishes  of  the  salmon  familv  to 
fa.st  during  the  breeding  seastMi.  Sueh  is  lh<*  <*ase  with  the  Atlantic  salmon,  the 
various  white-lishes  of  tin' (ireat  Lakt's,  ami  probably  with  other  spe<*ies,  and  it  is 
well  known  that  adult  l*a<-itie  salmons  do  not  <*at  while  in  fn*sh  water.  The  Sacra- 
mento saliiKUi  will  often  snap  at  bright  floating  obje<*ts  and  ean  frequently  bi*  taken 
with  the  spoon  while  on  their  spawning-giounds  or  whih*  passing  u[)  the  river. 
Sev<»ut v-five  spe<-iniens  were  taken  in  tiiiswavat  ,b*llv  F<'rrv  <lurinir  October' and 
November,  IImmi.  Th<*y  have  never  been  known  to  take  Io<mI,  though  indigestible 
material,  such  as  leav<*s,  is  sonietinu^s  found  in  the  stonuu'h.  A  r)-inch,  mature, 
sea-run   male  salmon   was    taken  at    I>altU»   Cn-ek   tisherv   in   October,    Is'Js.     The 

ft  ^ 

stomach  was  coniraete*!  the  sam<'  as  in  the  ordinary  adults,  but  contained  two  small 
bits  of  chitinous  substanee  lookini;  ^^omewhat  like  portions  of  the  thorax  of  a  grass- 
liopper,  but  may  hav<'  bet-n  portions  (»r  a  eiustacean. 

As  thev  do  not  <*at  aftrr  hMvini,^  salt  water,  the  «liir(*st ivr  <»rLrans  immedialelv 
begin  to  shrivel  up.  Inmost  of  the  *<peeiiiM'ns  (»f  the  fall  run  that  reach  the  iiea<l 
of  Suisun  IJav  the  stonia<'h  and  ejeea  hav«*  alreadv  <'ontra<*ted  an<l  thfir  walls  have 
become  lirm.     Onlv  rarelv  are  thrv  thin   .md    tlaceid,  a*>i  it    f<M)d   ha<l  n»cenllv  l)een 
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digestcKl.     Th«  longer  the  tiiiif  8iiu!e   k-aving  h«U  w»t«r,  the  moiv  tlio  digestive 
or);an8  become  eoiil ractcd. 

The  figures  on  pngm  U'li-liitl  illustmU'  the  suecHssive  changes  in  tUeHlinientai-y 
canal  as  observed  in  sneciniens  from  Mont^n'y  Bay,  hejtd  of  Snisun  Bay,  Sacramento 
River  at  Saei-auiento,  and  at  Battle  Creek,  fishery. 


TJie  shin. — The  most  ininiediat,<t  eliange  noticeable  in  the  salmon  afl*'v  leaving 
the  ocean  is  the  great  increa*te  in  the  amonntof  slime  that  exudes  from  tin'  skin 
upon  removal  from  the  water.  This  point  is  of  physiological  interest,  but  iias 
nut  yet  been  stndie<l.  By  the  time  the  fish  reaches  the  spawning-gi-oniids  llie  skin 
in  most  cases  has  thickened  considerably,  and  fix^inently  the  scales  are  entirely 
embe<ld«d  and  invisibl<'.  In  the  upper  figure  of  plate  I'-i  the  scales  can  \k-  seen  only 
where  the  skin  has  been  worn  off. 
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Loss  in  weight. — Many  weij|:hts  and  ineasiireiueuts  were  made  in  1900  for  the 
parpose  of  determining  the  loss  in  weight  sustained  ])y  the  salmon  dnrin<i:  their  resi- 
dence in  fresh  water,  but  our  scales  prove^l  somewhat  inaccurate,  and  the  data  can 
not  be  used  in  detail.     The  loss  wa^s  shown  to  be*  very  larjrc,  about  35  per  cent. 

Weights  were  again  taken  in  1901  with  accurate  scales.  The  results  are  shown 
in  the  tables  on  pages  128  and  li'O,  which  give: 

First,  the  length  in  centimeters  of  the  specimens  weighe<l,  the  measurements 
being  ma<lc  from  the  nostril  to  the  last  joint  in  the  spinal  column.  The  nostril  was 
selected  as  a  point  of  measurement  rather  than  the  tip  of  the  snout  l>ecause  the 
snout  becomes  lengthened  in  bree<ling  males. 


SliiuuK-h,  pyloric  aii|M-iMlaK<'<-.  a"*^  iiiti'stiu**  «»f  twn  ft-iiiaU*  Miluion  (Intwii  t<>Miin<>  m-uIo.    f '.Hiiul  «'f  Suisuii  Bay.  July 
:U.  im»,  Jiftor  II  fust  of  a  «i-«-<«k  or  two.     IK  Su<*rain«'Uto,  Autruht :?.».  I«.««K  aftt-r  a  •*till  loii^tT  fast. 

8ec(mtl,  the  av«Magr  weights  of  siHn'imens  of  various  lengths  delivered  at  the 
cannery  at  IMack  Diamond  SeplemlH»r  5  to  11. 

Third,  similar  w<Mghts  and  averages  for  siH^cimens  taken  uimn  their  arrival  at 
the  spawning-grounds,  but  b4»fore  they  had  begun  spawning;  als<i  the  iKM-centage 
of  loss  in  weight  in  these  siiecimens,  the  average  weight  of  Black  Diamond  si)ecimens 
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of  th«'  sHuic  U'upth  IwMng  I'tikoii  as  a  basis  hi  cac^Ii  wist".  The  iiialcs  w>Tt'  weighetl  at 
Battlt*  Cnfk  (K-tolHT  •2'J,  thv  females  at  Mill  Cn-ek  Novi-iiiIht  15. 

Fourtli,  similar  weights,  avcmyes,  and  losst's  of  Hjieiit  lislx-s,  laki'ii  cither  iM'fore 
OP  i  nutted  lately  afttr  death.     Sin-cimetis  riiiiiid  hetwtH'ii  ()cU)Ikt  10  and  Novemln'r  'M). 

In  dctiTmi iiinjt  the  perceiitaye  of  loss  ill  the  weightnf  males  iio  aecoiiitt  is  taken 
of  the  loss  of  milt  in  spawuiiig,  whieh  is  very  sliglit,  the  averaKe  t^rtal  weijjht  of  the 
Bjteiit  fislieH  or  tliosi-  just  arrived  at  Battle  Onn-k  beinjr  eonipaitHl  with  tlie  average 
ttiUtl  weight  of  Bla^-k  Diamond  KjN'cinieiis  of  the  saDte  length. 
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Tho  iH^rcenlHgo  of  loss  in  ripe  females  is  determined  by  eomparinj^  the  total 
Hveraj^<*  weiglit  with  the  a\'erage  weijicht  of  siH»eimeiis  of  the  same  length  weighed 
at  Black  Diamond,  the  latter  being  taken  as  a  basis.  The  loss  percentage  as  stated 
for  th<*  si)ent  fislu^s  does  not  inelmle  tlie  loss  of  ova.  The  jK^rceutage  is  determined 
by  comparing  the  weight  of  spent  fishes  plus  the  weight  of  the  extruded  ova  with 
the  weight  of  Black  Diamond  fishes  of  tlu'  same  length.  The  weight  of  the  extruded 
ova  is  determined  by  finding  the  difTen'Uce  in  weight  between  the  ovaries  of  spent 
fishes  and  those  of  fishes  just  arrive<l  at  the  spawning-gi-ounds. 

Tnhlf  nf  avvntiji'  tnitfhts  nf  fmuilr  stilmoti. 
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Tile  averag<'s  (»f  th<*  loss  p4»rcentages  are:  For  males  upon  their  arrival  at  the 
s[)a\vning-grounds,  H\  p<M-eent;  for  males  at  time  of  death,  including  loss  of  milt, 
'2*')  per  <'ent;.for  females  upon  ai-rival  at  tin*  spawning-grounds,  1-J  per  cent;  for 
females  at  the  time  of  death,  not  in(*luding  loss  of  ova,  l'.»  per  cent.  The  difference 
betwr»eii  the  loss  as  (h»t(M*mined  in  IImm)  and  lIMil  is  accoiinle<l  for  by  there  having 
biH*n  many  more  grilse  weighe<l  at  lh<*  spa\vning-groun<ls  the  fornuM*  year.  (See 
''Two  forms  of  males,"  i)agt»  l*5o.) 

Under  the  heading  **  Details  of  migration"  (page  1-4)  will  be  foinnl  an  account 
of  til re(»  salmon  that  wen*  release<l  in  the  SacranuMito  near  Uio  Vista,  after  being 
w<»ighe<l  and  branded,  and  siib.sc»(piently  taktMi  at  the  Government  fisheries.  One 
had  lost  1.")  per  cent  of  its  weight,  another  'J")  i)er<'ent,  and  the  other  '2i\  percent  <luring 
the  migration. 

Om*  important  point  to  be  coiisid<M*<.Hl  in  this  stu<ly  of  the  loss  in  weight  during 
migration  is  the  deterioration  in  the  valui*  of  the  fiesh  as  a  food.  The  loss  of  1'2  or 
ir>  or  "Jo  p(»r  cent  is  entirely  in  nutriment.  If  even  a  very  fat  beef  were  starved  two 
months,  or  until  it  ha<l  lost  1>'»  p<'r  cent  of  its  total  weight,  no  one  wouhl  can*  to  eat 
of  its  flesh.  But  such  is  th<'  coiMlition  of  tlie  fall  salmon  upon  thiMi'  arrival  at  the 
upper  [)ortion  of  the  river.  TIh\v  have  eaten  nothing  for  over  two  months,  and  nutri- 
ment to  the  extent  of  alK)ut  KJ  percent  of  their  weight  has  betMi  absorbed,  almost 
wholly  from  the  flesh. 

It  is  evident,  therefore,  that  tlie  fall  salmon  taken  at  the  upstream  i)oints  have 
but  little  value  as  food,  and  their  capture*  should  Ik*  [)rohibited. 

F  C    B   li»2— 9 
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COMPARISON  OF  THE  SEXES. 

Relative  changes  in  fresh  water, — Before  entering  the  fresh  water  the  two 
sexes  are  identical  in  ai)i>earance.  With  the  fall  run  the  sex  can  often  be  distin- 
guished by  the  external  api>earance  in  specimens  taken  at  the  head  of  Suisun  Bay, 
and  it  can  always  be  distinguished  in  normal  specimens  by  the  time  of  their  arrival  at 
the  spawning-grounds.  Soon  after  entering  fresh  wak>r  several  cartilaginous  teetli 
appear  in  the  front  of  tlie  jaws  of  the  males,  and  at  the  same  time  the  jaws  begin  to 
grow  longer.  By  the  time  th<j  males  reach  the  spawning-grounds  tlie  jaws  are  much 
prolonged  and  liooked,  and  the  teetli  have  grown  to  be  large  and  solid  canines;  the 
body  becomes  deep  and  slab-sided,  and  the  color  usually  more  or  less  reddish. 

The  principal  change  in  the  females  lies  in  the  diminution  in  the  muscular  tissue 
of  the  back  and  sides  and  in  the  distension  of  the  abdominal  walls  on  account  of  the 
development  of  the  ova.  Their  color  is  usually  more  or  less  olive.  After  spawning 
the  female  is  as  thin  as  the  male,  but  the  jaws  are  not  prolonged. 

The  following  illustrations  indicate  the  changes  better  than  descriptions: 


Head  of  male  salmon  taken  at  Sacrament^),  September  5,  VM\ 
HhowinK  the  tx^giuninfr  of  tlie  jaw  proloUKation  and  canino 
teeth  while  yet  (*artila^inou8. 


Head  of  female  salmon  taken  at  Sacramento 
SepU*mber  5,  IMN).  Thin  is  alHo  the  head  of 
the  male  in  salt  water. 


Two  forms  of  )tuiles, — The  illustrations  on  page  131  show  the  two  forms  of  male 
salmon,  known  as  adult  and  grilse,  that  are  found  in  the  headwaters.  Those  here 
shown  were  nearly  of  the  same  length,  though  it  is  v(>ry  rare  to  find  as  small  a  speci- 
men as  the  upper  that  has  the  adult  form,  and  the  lower  was  a  rather  large  grilse: 
(See  also  plat^  13,  photographs  of  these  same  specimens.) 

The  differences  are  obvious.  The  grilse  simply  fails  to  develop  the  character- 
istics of  the  breeding  nmle,  viz,  the  i)rolonged  and  hookinl  jaws,  the  large,  hooked 
teeth,  the  deep,  slab-sided  body,  and  red  color,  and  retains  its  salt-water  appearance 
except  in  the  loss  of  flesh.  Grilse  weigh  from  a  half  pound  up,  and  intergrade  with 
the  adults  both  in  weight  and  api)earance;  specimens  with  a  length  of  00  centimetc^rs 
(35.5  inches)  are  occasionally  found.  I  have  seen  two,  which,  from  their  olive  color, 
could  be  distinguisheil  as  sea-run  fishes,  that  were  only  13  inches  long. 

At  Battle  Creek  fishery  in  1900  the  males  were  nearly  all  grilse,  though  there 
were  almost  as  many  of  the  adult  males  as  there  were  females.     The  great  prepon- 
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derance  of  the  p-ilse  over  the  adult  males  and  females  is  due  to  their  l)eiug  too  small 
to  l)e  taken  bv  the  nets  of  lawful  mesh. 

The  cause  or  eau.ses  that  lead  to  the  pro<luetiou  of  the  grilse  form  are  not  known. 
Mention  is  made  in  another  place  in  this  ivport  of  the  sexual  maturing  of  the  male 
pari-s  that  remain  in  fresh  water  during  their  first  summer.  It  it  ix)ssil)le  that  this 
stunts  them  and  causes  the  production  of  grilse.  If  grilse  were  simply  young  indi- 
viduals that  followed  the  adults  into  fresh  water,  we  would  ex^wct  to  find  females 
among  them.     The  two  forms  can  not  Ik?  distinguishe<l  except  in  breeding  fishes. 

The  dwarfed  form  of  the  female  is  pra<*tically  unknown.  Among  many  thousand 
specimens  handled  at  l>attle  Creek  fi.shery  only  (Uie  dwarfed  specimen  was  found. 
This  was  10  inches  in  total  length  and  weighed  '2  pouuils.      Its  ova  were  mature. 


-rco' 


Two  si>t'Ut  uu4l»*  ^^ahnon.  adult  and  ^rrilM*  f«»nus,|found  dead  on  the  rac"k  at  Battle  (Ye**k  fishery  t  K*tober  2S.  191B). 
L«"nxrth  fr<»nj  hind«'r  t*dir«*  of  oyo  tt»  \nis*'  of  tail,  lar^rer  sjie^Mnieu  oin)  mm.,  smaller  4-55  mm.;  w«'i|»ht,  larjjer  speci- 
men. H.l«»»  ifrani^'  smalU-r  1.2i«»  jLcram.*-. 

('omjyfinitin-  stittoncnt  of  m'iijht  ami  hmjth  af  thv  smtuf  in   adnjf  and  tjrilst*  salmon  of  ffw  samr 

hixly  h*ngth. 
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Ktmti- 
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Wti 
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yrht  in  \ 
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2.:i75 

1,425 
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1.^75 
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7.tk5(J 
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79 

92 

99 

«l 

95 
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1  22> 
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44) 

49 

4W 

5o 

51 

54 

.57 
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41 

57 
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47 
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Herm<iphr<Kiitfs. — 1  »rii  inilpbli^'l  I(»  Mr.  J.  I*.  HnhoCH-k,  (if  lh«  Ciilifornia  Fifih 
CoiiimiHMidu,  ami  t-o  Mr.  ("Imiiilierlaiii  for  two  h»rnmp)ii'iKlito  SHliiion.  Mr.  (!hain> 
borlaiii's  HiK«-iiiiuii  was  dinooverwl  I»y  llio  )*imwniiiK<-r<*WHt  Itattlt'Ci-et^k  imt<'hery  in 
Doci'iiiiber,  HUMIjllio  other  s[)i>i-iTnfii  was  ilisoiiverod  liyMr.  F.  A.  Cdlcswhilisclcaninn 
fish  for  till'  canntsry  at.  Iflack  ]>iaiiioiid,  and  wa.-*  taken  in  that  vi<-inity  in  May,  liiOl. 
The  mt'ompanying  illustraticm  n-priwents  Iho  Hlavk  Diamond  specimen. 

Th«  gmiital  organs  nf  l.lie  two  si)euiiiieiis  are  esmrritially  the  aamo  in  stnietnn'. 
Thero  is  l>nt  one  x>ai)',  as  in  onliiiary  individiiHlH,  but  each  organ  is  dvvulopetl  I>ar11y 
us  («Htis  and  x>ai'tly  i\n  ovary.  One  organ  in  the  IMack  I>iamon<i  si^eeinien  has 
about  n  inches  of  tlio  aiiterir>r  portion  well  develo^iod  a.s  a  testis,  and  iiwarly  mature. 
IiuniiMUattily  Iit^hiiid  this  arc  a  few  ova  that 
are  almut  as  lar^e  as  ova  ordinarily  are  in 
salmon  lakeii  in  thisi>artof  the  river.  Thp 
ne.tt  4  or  .1  inelies  of  tlie  organ  eonsists 
meivly  of  tlie  supporting  meniliraiie  and 
seminal  duel,  with  half  a  dozen  ova  devel- 
opeil  in  one  plaee.  Then  follows  a  portion 
alH»ul  -l  inelies  long  (leve!oi)ed  as  t«stiti. 
TJie  usual  seminal  duct  loads  i>ost«'riorly. 
'lliv  ottier  organ  of  ttiis  speeimen  also  has 
the  anterior  portion  develoi>ed  as  testis, 
while  all  of  tlie  |H)sterior  i>ortion  is  ovarian. 
While  the  ova  iii'c  of  normal  sixe,  the  local- 
ity being  considered,  tlieir  nunilH'r  is  not 
over  one-fonrlli  us  gi-eat  as  wcnild  bo  pro- 
ducwl  by  n  similar  portion  of  a  normal 
o\jiry. 

The  liattle  Creek  speeimen  i»  similarly 
developed.  Some  of  the  ova  are  att^aclied, 
while  others  are  fi-e<-,  as  if  the  lisli  ha"!  Ix-en 
only  jiarlly  riiie.  All  are  variable  in  size, 
but  none  of  normal  apiH'arance  are  as  large 
as  the  averagi^  ova  t^tiken  at  ISattle  t'n-ek. 
Many  of  the  ova  evidently  were  dead  at  llie 
time  the  lish  was  taken,  and  .s<nne  of  these 
were  abnormally  large.  I  uiiderslainl  that 
some  of  the  free  ova  were  sperinati/x'd  with 
le  organs,  but  none  of  tlium  lived.     Tt  is  not 


lent  me,  and  I  do  not  know 


milt  from  tin'  testis  portion  of  the  s 
known  whether  they  were  fertilized. 

The  genital  organs  (uily  of  these  si>eeimeii 
the  condition  of  the  eloa<Ml  openings. 

litliifiri'  iiniiilifi- '//  midt'S  anil  ffinulefi. — lu  measuring  aud  weighing  salmon  at 
Black  Diamond,  on  August  20  and  31,  lIHJi),  it  was  noticed  that  the  females  were 
more  numerous  than  the  males.  To  determine  whether  thi.-j  was  merely  a  [teeuliarily 
of  thei^ateh  of  those  two  days,  5Ir.  ]■'.  V.  Ilnbter,  the  weigher  for  the  Itlack  Diamotid 
eaimery,  was  employed  to  make  notes  of  the  relative  nnmlRM'  of  males  and  feuuih-s 
during  the  season,  with  the  following  result. 
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Table  Hhoiring  rW«/iiv  numlH'r  of  male  a lu!  female  salmon  taken  at  month  of  river. 


Dat4\ 


Mali-s.      F».*inal*»»». 


Date. 


Males.      Feinali***. 


Auf;.  21 . 
Auk- 22 
Aui?.25. 
Auf?.  2K 
Anf;.:d< 
Aui;.  21). 
AuK-30 
AnK-81. 


74 

l.V 

^7 

113 

4 

•» 

I'l 

«M 

7.{ 

211» 

i:*i 

2IU 

121 

at 

7i; 

121 

S<^pt.  1     

S'pt.  3 

Si'pt.  4 

Sept.  5  - 

Sept.  0     

Sept.  7     

Sept.  s 

S«'pt.lo 

Ti>t«l     .. 
PeriM'iit 


1ii3 

214 

i:fit 

\Ki 

101 

\n\ 

124 

If  Si 

i:^ 

11«5 

Ki:; 

I4«( 

i:»i 

l*< 

241 

31ii 

1 .  7>''.« 

:.».545 

41 

5J> 

During:  OotolKM*  aii<l  Xovenihor,  1!mmi,  Mr.  Arthur  SiMjj:is4»ii  <*aii^ht  7«*i  male  and 
32  feinalo  salmon  on  si>o<)n  hooks  at  Jelly  Ferry. 

The  followinjj:  is  a  statement  of  tlie  relative  mimlHM-of  males  and  females  taken 
in  the  seine  at  Battle  ('n»ek  fisherv  in  I'.mm): 

Table  showing  relative  nnmln^r  of  salmon  taken  at  Battle  Creek  fitOtery, 


I 

1 

1 

Date. 

Males. 

Feinali's. 

% 
14 
2i» 
10 

4 

M 
11 

I)nte. 
<Kt.2:j 

Nov.    1  ( river » 

Males. 

2:« 

73 
12 

Feinalesi. 

'    Oct.  12.. 

Oct.  14. 
Oit.  2l>. 

Oct.  23.. 

» 

>i\ 

1^7 

45 

2^ 

ai 

22 

175 

Ill 

1 

28    i 

IH 
4 
6 

Nov.  19 

Total 

Percent 

5 

i.iirr 

w 

2 

lo6    . 
12 

Rehitive  we'ujht, — The  average  weight  of  all  salmon  taken  at  Black  Diamond 
canner}'  from  August  20  to  Septeml)er  10,  T.mm),  varied  daily  from  21.3  |MJunds  to 
23.8  pounds.  As  the  largest  8i)eeimens  taken  were  invariably  males,  it  is  probable 
that  the  average  weight  of  the  males  was  greater  than  that  of  the  females.  The 
reverse  was  true  in  the  upper  river,  as  will  lx.»  seen  from  ihe  following  statement 
of  weights  of  s^ilmon  taken  by  Mr.  Sergison  at  Jelly  Ferry: 

Table  slanriutj  relatire  irrifjUt  of  male  and  ftniale  salmon  taken  at  Jellif  Ferry, 


l>ati» 

S»>pt.:y  -. 
<>rt.      1    . 

<>ft.     2... 

Weitrht 
Mal(*s. 

4.5 
S*.l» 
31.  o 
3.0 
IJ.O 
7.0 
x.o 

11.0 
12. «» 
14.0 
..        1.5 
3.0 
3.n 
3  II 
3. 5 
3.5 
4.0 
4.0 
1.0 
4.5 
5.0 
HO 
M.O 

«.o 

12.0 

:m.o 

...       4.5 

7.0 

.I>oun(L4. 
Fenialt»8. 

11.5 

H.O 
11.5 
13.0 

x.o 

10.  o 
13.5 

Date. 

Oct.   7   .. 
Oct.    H. 
()it.    W.- 
Oct. 10.. 
Oit.l2.. 

Oit.  13.. 
Oit.  14. 

Oi-t.  If... 

ih\.  17. 
o»t   IS.. 

0«t.  22.. 

t>.t.2:i 

<Vt.24.. 

Wei^'lit 
Males. 

10.0 
....     --- 

'       4.0 
12.0 

"*"    "3.0 
4.M 
.5.0 
K.O 

.  ..       fi.o 

1.0 

3.0 

4.I» 
.'i.  .5 
«.o 

7.0 
7.0 

lio 

.1. .» 

li.i» 

»*.o 
:ko 

3.5 

.      14.0 

2U.0 

4.0 

.  IhiutkIs. 
Fenuil«»s. 

Date. 

Wei>:ht .  i»oiin<L**. 
Miller.  Fenial(>s. 

<Hrt.  24.- 

Ort.  ffi 

Oit.  38 

0<'t.  27 

<Vt.  2S 

Oct.  2W 

0.t.  31 

Nov.    1 

Nt»v.    3 

Nov.    « 

Nov.  10 

Nov.  12 

Nov.  13 

Nov.  15  .... 
Nov.  2r» 

Avcrainv 

in.o 

10.0 

;«7.o 
4.0 

lli.O 
4.5 
«*  0 

4  fi 
4.0 

i4.0 
H.O 

1 

14.0 
7.0 
I'M) 
15.0 
:t».0 
l>*.o 
•J2.M 
24.0 

i 

24.0 

!    <vt.    :t. .. 

tl.O 
12.0 
11.0 
«.!» 

2i'i.i» 
:u  0 

10.0      

14.0      . 

14.5      

:ko    : 

4.5    

12.5      

ii..5 

s.o     

lit  - 

»!■.    .1                  ...         ... 

is.o 

H.O             10.5 
2{.0             13.0 
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lo.o            12.0 

"     :'e.5 

21. 0 

24.0 

1 

'    Oct.     7... 

12.  u 

HI             1(L8 

' 
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The  average  weight  of  tlie  Battle  Creek  specimens  could  not  be  determined, 
owing  to  the  selection  of  the  larger  males  for  spawning,  but  it  was  certainly  less 
than  that  given  in  tlie  Jelly  Ferry  record. 

It  will  thus  be  seen  that  throughout  the  fall  season  of  lOlXl  there  was  a  greater 
proportion  of  female  salmon  taken  by  fishermen  in  Suisun  Ha}'  and  the  lowei*  river. 
On  the  other  hand,  tlie  small  males,  l)eing  t(X)  small  to  1m»  taken  in  the  reguhition  net 
of  the  market  tishermen,  were  greatly  predominant  in  the  headwaters.  The  (evidence 
here  given  does  not  indicate  that  more  of  one  sex  is  produced  than  of  the  otlu^r. 

This  point  should  be  considered  in  making  laws  governing  salmon  fishing.  The 
small  males  are  not  desirable  for  propagation,  either  natural  or  ai'tificial,  an<l  on 
account  of  their  great  numl)er  they  are  a  nuisance  at  the  (Tovernment  fisheri(\s. 
They  are  simply  so  much  valuable  food  wjisted.  The  prc^sent  law  prohibits  the  use 
of  nets  that  w^ould  catch  them,  and  it  should  be  amended.  As  there  are  no  small 
femah\s,  the  small-mesh  net  would  not  affect  the  supply  of  bre(Mling  females.  A 
law  prohibiting  the  taking  of  small  fishes  is  of  value  only  wh<»n  the  small  fishes  are 
gi'owing  fishes,  l^ut  the  small  salmon  that  come  in  from  tlu^  ocean  are  not.  growing 
fishes.  None  of  the  salmon  ever  return  to  salt  water.  Their  sol(»  value  lies  in  adding 
so  many  pounds  to  the  market  supply  or  in  rei)roducing  their  kind  on  the  spawning- 
beds.  A  large  fish  is  worth  more  on  the  markets  than  a  small  fish;  but  so  are  large 
cattle  worth  more  on  the  market  than  .small  cattle,  yet  a  stock-raiser  would  never 
think  of  selling  his  fine  cattle  and  keeping  only  the  runts  to  breed  from.  It  would 
be  l>ett^r  for  the  j^almon  as  a  species,  and  then^foi-e  better  foi'  th(*  salmon  industry, 
if  the  present  minimum  net-mesh  were  made  tlie  maximum.  A  small-mc^shed  net 
does  not  catch  so  many  large  fishes,  which  would  allow  the  larger  individuals  to 
reach  the  spawning-grounds.  The  salmon  will  certainly  deteriorate  in  size  if  the 
medium  and  larger  sizes  are  taken  for  the  markets  and  only  the  smaller  with  a  few 
of  the  medium  allowed  to  breed. 

NATURAL   PROPAUATION. 

Spaivning  habits. — Salmon  in  spawning  usually  take  a  position  at  the  upp<M*  (»nd 
of  a  riflfle  where  the  current  is  strong  and  wluM-e  there  nro  gravel  and  col)l)Iestones 
among  which  the  eggs  may  lodge.  After  selc^cting  tlie  plac<»  the  female  <^\trudes  a 
few  eggs  and  then  moves  away.  The  male  immediately  tak(*s  her  exa(*t  position,  or 
perhaps  a  point  one  or  two  feet  downstream  from  it,  and  extrudes  a  small  quantity 
of  milt.  In  about  iive  minutes  the  process  is  repeated,  the  female  always  taking  the 
position  first  occupied.  This  they  continue  day  and  night  foi*  over  a  w<H'k,  usually 
nearly  two  weeks.  I  have  observed  salmon  spawning  at  night,  but  have  inner  been 
able  to  watch  one  pair  until  spawning  was  complet(Hl.  HraiuhMl  salmon  No.  lU,  pre- 
viously referred  to,  was  only  eight  days  in  spawning,  although  souk^  <*ggs  had  Ixhhi 
extruded  l>efore  it  was  taken.  Two  weeks  is  the  spawning  time  usually  assigned  l>y 
persons  living  in  the  vicinity  of  salmon  streams,  which  is  probalily  about  right. 

On  account  of  the  difficulty  in  seeing  eggs  under  water,  it  has  becMi  impossible 
to  determine  the  rate  at  which  ova  are  deposited.  Tln^  mot  ions  of  the  fish  show  just 
when  ova  are  being  extruded,  but  observation  at  a  distance  of  5  feet,  with  thc^  aid 
of  a  field  glass,  has  failed  to  disclose  the  eggs. 

The  female  at  irregular  intervals  turns  over  on  her  side  and  digs  hov  tail  into 
the  gravel.  If  the  gravel  is  fine  thei'e  is  often  a  <*onsiderable  hillock  thrown  up, 
leaving  a  hole  G  or  8  inches  deep  and  2  feet  across.     This  digging  is  probably  not 
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for  the  purpose  of  covering  the  egjrs,  nor  to  make  a  spaee  for  them  to  lie  in,  but  by 
the  violent  exercise  to  loosen  the  eggs  from  tlie  ovaries.  If  the  purpose  were  to 
cover  the  eggs  it  would  be  repeated  every  time  any  were  d<»posited.  Gravel  does 
not  drift  so  far  as  the  eggs,  and  if  siich  were  the  purpose  it  woul<l  not  ]>e  accom- 
plished. Besides,  it  is  almost  imimssible  to  cover  t^ii^f^s  with  gravel;  the  eggs,  l)eing 
almost  as  light  as  the  water,  slide  away  from  tlu»  gravel.  Mon*  than  that,  a  covering 
of  over  an  inch  of  even  fine  gravel  kills  them.  The  hillock,  by  forming  an  eddy  at 
the  bottom  of  the  stream,  prevents  many  eggs  from  floating  away  and  Inking  devoured 
by  other  fishes,  but  such  are  liable  to  be  covered  too  deeply  and  kille<l  in  that  wa\'. 
Some  of  the*tine  sedinu^nt,  howc^ver,  may  s<»tfle-on  the  v^f^i:^s  and  t4Mid  to  make  them 
invisible  to  egg-eating  fishes.  The  '*nest''  can  hardly  1m^  nm<le  as  a  place  for  the 
eggs  to  lie  in,  for  the  current  always  carries  them  Inflow  it. 

Th<»  presence  of  the  other  sex  is  not  necessary  to  excite  either  to  spawning 
efforts.  1  have  set»n  the  femalt*  spawning  alone  at  Battle  Oeek  fishery,  and  other 
persons  have  reixjrted  similar  observations  from  otluM-  places.  In  SeptemlH^r,  1000,  I 
saw  a  male  spawning  alon<»  near  Sims,  the  female  having  l)een  killed  by  a  sportsman 
in  order  to  get  trout  bait.     Like  observations  have  been  reiK)rt4Ml  by  other  i>ersons. 

Percenffuje  of  fertUizufion. — As  one  pair  of  s;ilmon  dei>osits  an  av(»rage  of  t),(X)0 
eggs  the  increase  would  Ix*  enormous  unless  there  was  great  loss  at  some  i>eriod.  It 
is  usually  supposed  that  the  greater  part  of  this  loss  is  due  to  a  lack  of  fertilization 
of  the  ova.  The  great  care  necessary  to  secure  perfect  fertilization  artificially  has 
led  fish-culturists  to  supix)S(i  that  the  iKM*centage  of  fertilization  under  natural  con- 
ditions must  ne<*essarily  l)e  very  low.  Inartificial  fertilization  the  ova  and  milt  are 
mixed  togeth(»r  in  a  vessel,  insuring  a  coating  of  milt  or  spermatized  water  over  each 
ovum.  In  natiiral  spawning  the  ova  are  caught  in  the  eddies  among  th<»  rocks, 
either  near  tlu»  nest  or  within  a  few  yards  l>elow  it.  A  few  seconds  aft<»r  the  ova  are 
spawned  a  small  quantity  of  milt  is  disseminated  in  the  ciirrent  to  l)e  carried  against 
them.  It  seems  very  imlikely  that  a  large  percentage  could  lx»  fertilized  under  such 
conditions.     The  following  ex[>eriments  throw  some  light  on  thr  (pn^stion: 

To  determine  the  i)ercentage  of  fertilization  under  as  nearly  natural  conditions 
as  }>ossible  a  l)ox  was  built  4  feet  wide,  14  feet  long,  and  b')  inches  diM'p,  and  a  strong 
current  of  water  turne<l  through  it.  Alxmt  5  inches  of  gravel  was  put  in  the  upi)er 
three-fifths.  A  pair  of  salmon  were  placed  in  the  box  <)ctol)er  2S,  1S<»7.  A  female 
not  quite  ripe  was  selected,  in  onler  to  allow  a  few  days  to  Ix^come  accustomeil  to 
the  place.  Pickets  nailed  to  the  side  prevented  the  fishes  from  jumping  out.  By 
Novem})er  '1  they  seemed  to  Ix*  at  home  in  the  box,  and  their  actions  indicatc»d  that 
they  were  ready  to  spawn.  A  f(*w  eggs  were  deposite<l  the  next  day.  On  the  4th 
the  male  died,  having  become  almost  entirely  covered  with  fungus  in  the  one  week. 
Another  was  put  in  immediately,  but  the  spawning  was  interrupted,  as  it  requirtKl  a 
day  or  two  to  get  used  to  the  place.  The  female  died  November  12,  having  dei)osited 
but  few  eggs.  No  cause  of  death  could  lie  ascertained.  Of  the  51-  ^^^  deposited, 
343  were  killed  while  l^eing  deposited.  Of  the  remaining  1  ♦'»'.»,  12!»  or  7<>  per  cent  were 
fertilized.     In  the  secoml  attempt  82  jK^r  cent  were  fertilized. 

In  189S  a  pair  of  salmon  were  put  in  a  ravine  with  simply  a  rack  to  prevent 
their  going  <lown.st ream.     No  eggs  were  deiH)sited. 

So  far  as  the  numl)er  of  eggs  killed  is  concerned  this  experiment  is  not  a  fair 
test.  The  level  floor  of  the  box  made  few  eildies,  aiul  the  eggs  were  washed  into  the 
corners  and  killed.     The  percentage  of  fertilization  would  eeilainly  be  no  greater 
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than  under  ontin^dy  natural  conditions.  Wo  would  expect  the  death  of  the  male 
and  the  introduction  of  a  new  one  to  cause  some  eggs  to  Ix^  left  unfertilized. 

November  18,  1807,  I  dug  up  five  or  six  nests  in  ccmiparatively  still  watcM*  where 
fishes  had  been  seen  spawning  for  a  month.  The  siind  and  gravel  were  thrown  into  a 
screen  and  carefully  sifted,  but  no  eggs  were  found;  Imt  on  stirring  tlie  gravel  and 
cobblestones  in  a  strong  curriMit  and  setting  the  screen  below  so  as  to  catch  floating 
objects,  lii  eggs  were  secured;  1 1  w(»re  alive  and  all  fertilized,  4  al)out  »l  days  old  and 
the  others  about  28  days.     1  could  see  no  indication  of  fertilization  in  the  dead  eggs. 

In  November,  1808,  in  order  to  obtain  eggs  naturally  spawne<l,  1  pla<*ed  a  scit^en 
obliquely  in  the  wat<M'  2  or  3  f<»et  below  where  salmon  were  spawning.  The  scr<»en 
was  covered  witli  small  cobblestones,  that  the  eggs  might  lodge  among  them  and 
be  protected  from  spawn-eat  ing  fisln^s.  The  first  trial  was  unsuccessful.  The  second 
secured  48  eggs;  30  were  dead  wiien  found.  All  of  the*  live  eggs  were  fertilized,  tlie 
others  could  not  Ik*  t^^sted. 

The  exp(»riment  with  the  screen  is  not  a  fair  test  for  the  numb(»r  killed,  as  the 
screen  caught  much  gravel  whicli  pressed  th(»  eggs  against  the  wires,  and  without 
doubt  killed  many  more  than  would  have  been  killed  imder  natural  conditi(ms.  The 
1807  experiment  in  securing  eggs  from  the  stream,  when  15  j)er  cent,  were  dea<l,  was 
a  fair  test,  but  the  number  of  eggs  was  to(j  small  to  warrant  delinit*^  conclusions. 
In  both  experiments  all  live  eggs  were  feitilized.. 

In  November,  lOOO,  30  eggs  were  se(»ured  from  natural  spawn ing-beils  in  Battle 
Creek,  25  of  them  evidently  fertilized,  and  1  certainly  not  f(M*tilized.  The  condition 
of  the  others  could  not  1h»  satisfactorily  determined,  as  they  were  killed  in  securing. 

At  anothei*  time  a  fish  was  artificially  spawned  in  the  creek  on  natural  spawning 
beds,  a  screen  being  pbieed  below  to  catch  the  eggs.  A  male  was  held  in  the  same 
position  immediately  afterwards  and  milt  expressed.  The  test  was  not  ([uite  fair, 
for  although  there  was  ju'obably  a  larger  (juantity  of  milt  than  isdiscliarg(»d  at  once 
naturally,  yet  there  was  also  a  larger  number  of  eggs.  The  (*ggs  being  cauglit  by  the 
screen  and  tliereby  remaining  closer  to  where  the  male*  was  stripped  was  of  no 
advantage,  as  the  life  of  milt  in  water  is  ample  to  allow  it  to  come  to  rest.  If  they 
had  been  farther  away  it  would  have  given  time  forth(»  milt  to  l)ecome  more  thoroughly 
disscmiinated  through  the  water.  The  eddies  caused  by  our  standing  in  tin*  water  and 
holding  the  fish  prevented  the  eggs  and  milt  from  floating  off  in  a  natural  manner. 
In  two  trials,  35  per  cent  were  fertilized  in  the  first,  and  .50  p(»r  cent  in  the  s<»c()n(l. 

These  variousexperiments indicate ahighpercentagiMu  natural  fertilization, prob- 
ably over  80  per  cent.  It  is  significant  that  all  live  eggs  found  that  liad  b(»en  spawned 
naturally,  excepting  on(^,  wen»  fertilized.  The  fertilization  of  dead  eggs  could  not  be 
determined,  though  they  wen^  no  more  liable  to  be  unfertilized  than  live  ones. 

Morinlily  atnoNtj  ova. — These  experiments  also  point  Xo  a  high  but  indetlnite 
mortality  from  being  covered  by  the  gravel.  The  great(»st  loss,  how<n(^r,  is  probably 
due  to  spawn-eating  fishes.  In  the  middle  portion  of  the*  river,  as  at  Hattle  Cn^ek, 
when  salmon  are  spawning,  great  numbei's  of  otlier  fishes,  mostly  the  split-tail 
(Pogoiiu'lifhijs),  gather  about  to  feed  on  the  spawn.  Fifty  or  more  split -tails  may 
often  b<»  seen  lying  a  few  feet  downstream  from  a  spawning  salmon,  and  although 
each  fisli  may  eat  but  few  eggs,  all  together  they  pro])ably  destroy  a  large  p(»r- 
centage  of  the  eggs  spawned  in  the  middle  portion  of  the  river. 

Trout  have  been  t^ikcMi  near  the  spawning  platform  at  Battle  Creek  station  with 
the  st-omach  an<l  throat  gorged  with  eggs,  tlie  waste  from  artificial  spawning,  and  3 
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ova  were  found  in  the  stomach  of  a  trout  taken  in  Mill  Cn^ek  Doe«*ml>er  1, 1001,  several 
days  after  any  artifi(*ial  spawuinj^  had  l>een  done  at  the  stat  ion.  As  there  were  several 
salmon  spawnin«i:  in  the  ereok  at  that  time,  there  is  little  doubt  that  the  ejrgs  were 
se<*ured  from  natural  s[)awniiig-l>eds.  Trout  are  adapted  to  catching  floating  objects 
ami  are  doubtless  very  dest  ructive  to  salmon  spawn  where  the  salmon  breed  naturally. 

Other  fishes,  such  as  the  hitch  (Zy/r////V/),  hardhead  {Mylopliarodon)^  and  sucker 
(Cdfosfoi/tu.s).  hav<»  not  Ix^cn  found  to  eat  salmon  spawn,  though  they  probably  do; 
the  black-fish  {Orfhofloit)  has  not  even  been  found  near  the  spawning- 1 >eds.  A  large 
Sacramento  pike  (JVj/fhorh&'iJfi.s)  that  had  secunnl  spawn  from  natural  spawning- 
beds  was  taken  in  the  river  near  the  m<uith  of  l>atth»  Creek  in  lOCKJ. 

Xofurnl  rersu.s  (irfifiridl  propnijftfion, — Probably  the  most  important  problem 
V€*t  remaining  unsolved  in  connection  with  the  natunil  historv  of  the  salmon  is  the 
efficiency  of  natural  propagation.  If  we  could  segregate  a  certain  number  of  fishes 
in  a  small  stivam,  then  put  a  fine  screen  across  Indow  when_»  they  are  to  simwn,  and 
later  catch  all  the  ah»vins  and  fry  pnxluced,  wc  could  solve  the  problem.  Hut  a 
small  stream,  su<*h  as  could  be  exiM*rimented  with,  is  liable  not  to  have  an  average 
number  of  fish(\s  to  pn\v  upon  the  spawn  and  alevins,  and  the  conditions  would  not 
be  entirely  natural.  The  following  statement  represents  approximately  the  com- 
l)arative  value  of  natural  an<l  artificial  propagation: 


Pen^ntaj^e  of  Ums  in  | 


It4?ms. 


pn>pH^tion. 


Natural      Artificial 


X<»t  siKiwn»Hl 

l'nfertili/f<l  

Killf^l  ^*«•to^t•  liut<hin^ 
Alevins  JciINm! 


I 

i:> 

'•13 


"1 
2 

8 

r2 


Total  lo^^^ 


W 


\.\ 


'1 10  to  'J*  jmt  <  ♦Mit  if  unsiKiwutnl  t'^^s  aiv  not  remo\  ♦m1  l»y  u^MUtiuinal  st**  tion 

'•  No  d»:'tiii)t**  d.ita 

«'At  U'ii^t  .*i«ii>.T  « i»nt  if  aU'VMiH  jii«'  plant»*<l 

From  the  foregoing  it  will  l>c  seen  that  the  heavy  loss  in  artificial  propagation 
has  iM^en  in  not  spawning  all  th<*  <*ggs  and  in  planting  alcvms  both  of  which  can  be 
reuKMlied,  as  is  elsewhcn*  shown  in  this  n»port.  The  total  loss  in  artificial  propaga- 
tion should  not  In*  15  per  cent. 

There  is  a  much  greater  loss  when  alevins  are  plante<l  artificially  than  when 
thev  hatch  out  naturallv 

(a)  From  a  given  numl>er  of  ova,  as  those  pioduee<l  by  one  fish,  which  is  the 
basis  of  the  pen'entage,  there  are  more  alevins  to  l)e  destroye<l  m  the  case  of  artifi- 
cial propagation.  In  natural  propagation  they  have  lx*en  already  largely  < lest royed 
]x*fore  they  bfM'ome  alevins,  and  there  aie  not  s7  p(*r  cent  left  to  be  destroyed,  as  in 
the  case  of  artificial  propagation. 

{b)  l>ut  even  with  a  given  nuinlx»r  of  alevins  the  percentage  is  greater  in  artifi 
cial  plant iiiir      It  is  not  possil)le  to  scatter  tlnMii  as  well  in  artificial  phinting  as  in 
natural  propagation.      No  amount  of  <*are  will  prevent  their  collecting  in  bunches, 
which  has  not  l><*eii  se<»n  in  natural  propaL^atioii 

Something  of  I ht»  value*  of  artificial  propagation  can  1m»  learne<l  from  an  experi- 
ment tried  at  Clackamas  hatchery,  Oiegon.  In  March,  IHIm;,  5,<K)0  .salnuni  fry  2.5 
inches  long  were  marke<l  by  <*uttingofT  the  adi|M)se  fin.  The  eg^A  from  which  the 
fry  were  hatched  were  S|)awne<l  at   Bainl  hatchery  in  September,  18'.>5.     Mr.  Hab- 
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bard,  siij^erinkMident  of  Clackamas  hatcherj',  who  tried  the  experiment,  reported 
that  375  of  the  marked  fishes  were  taken  in  1898.  The  smallest  weighed  10  pounds, 
tlie  largest  57  pounds,  and  the  average  was  27.7  ]K)unds.  Besides  tliese,  5  were 
taken  in  the  Sacramento  River  in  1808.  A  few  more  were  taken  Inith  in  the  Colum- 
bia and  in  the  Sacramento  in  1891)^  and  also  in  1900.  The  1900  specimeiLs,  however, 
may  have  been  of  those  marked  in  the  Sacramento  in  1898.  From  those  5,()(X)  fry  -.5 
in<*hes  long,  costing  less  than  a  dollar  to  produce,  fish  weighing  over  5  tons  wei*e 
taken.  That  means  tliat  for  every  female  fish  strippe<l  at  the  hat<*hery  the  fishermen 
should  catch  about  5  tons  three  years  biter.  About  4(K)  of  the  5,000  marked  fishes 
were  report<*d  taken.  We  have  no  means  of  knowing  how  many  came  back  to  fresh 
water  and  e«cai)ed  the  net«,  or  how  many  were  caught  but  not  noticed. 

INJURIES  AND   DISEASES. 

Qeneral  effects  of  spawning. — Not  withstanding  their  long  journey  from  the  ocean, 
the  salmon  reach  their  spawning-grounds  in  good  condition.  Tliey  are  not  nearly 
so  fat  as  when  they  left  the  ocean,  but  all  their  bruises  aro  received  after  arrival  at 
the  spawning-grounds.  This  fact  has  alrea<ly  been  noted  by  Evermann  (Bulletin 
United  Stiites  Fish  Commission  1890,  p.  191). 
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Spawned-oiit  female.    Battle  Creek,  Oftober  30,  IflOO. 

As  spawning  progresses  the  abdominal  walls  of  the  female  contract  and  she 
becomes  as  thin  as  the  male.  Her  craudal  fin  is  worn  off  to  a  mere  stub.  All  fins  of 
both  sexes  become  more  or  less  frayed,  the  skin  wears  off  the  sides  of  the  tail  and 
the  prominent  portions  of  the  bofly,  such  as  the  edges  of  the  jaws  and  bases  of  the 
fins.  Fungus  nearly  always  attacks  the  gills  and  the  various  bruised  places  and 
frequently  destroys  one  or  both  eyes. 

It  has  lH*en  supposed  that  the  exertions  of  spawning  completely  exhaust  the 
female  and  that  she  dies  immediately  u])on  its  completion.  It  would  seem  rather 
strange  if  there  were  just  enough  energy  to  spawn  all  the  ova,  and  that  with  the 
extrusi<m  of  the  last  one  the  fish  should  die  at  once.  Observaticms  indicate*  that 
the  female  has  considerable  energy  left  after  spawning  all  of  the  ova,  and  that  she 
(•ontinues  on  the  spawning- beds  for  som<^  time  thereafter.  The  injuries  are 
ivceived  only  after  most  of  the  ova  have  been  spawned.  She  probably  does  not 
know  when  the  ova  have  all  be<»n  extrude<l,  and  her  instinct  comi)els  her,  when  once 
spawning  has  begun,  to  continue  the  spawning  efforts  as  long  as  energy  lasts.  The 
complete  extrusion  of  the  ova,  sinc^  it  is  not  noticed,  is  merely  incidental. 

In  19(X),  14  spent  females  were  taken  alive  on  natural  spawning-lnnls;  7  of  them 
had  extruded  all  ova,  in  one  specimen  there  was  1  ovum  yet  unspawned,  in  two 
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there  were  2  each,  and  in  the  others  there  were  3,  58,  0*2,  and  107,  respeetivel}'. 
If  they  died  immediately  after  sx^awnin^  the  hist  ovnm  we  would  not  have  found 
sucli  a  hirge  proportion  of  live  speeimens  comph^tely  spawne<l  oiit;  and  if  spawning 
completely  exhausted  them  we  wcjuld  not  have  found  them  on  rilHes  but  in  the 
more  quic^t  water.  In  one  instance  wIkmi  only  one  female  was  taken  she  was 
entindy  spawned  out  and  had  lK»en  seen  spawning  just  befoi-e  the  seine  was  hauled. 
Of  eoui'se,  it  is  possible  that  the  last  ova  were  spawned  just  l>efore  hauling  the 
seine,  but  in  any  case  the  lish  was  far  fi-om  beiufr  in  a  dying  conditicm.  (See  plate 
IG  and  fig.  A,  plat*'  15.) 

Spent  salmon. — A  few  sample  field  notes  on  the  condition  of  silent  salmon  found 
dead  at  I^attle  Creek  in  VM\0  are  hen*  given.  Several  hundred  similar  sj>ecimens 
were  examined  during  the  season. 

The  following  notes  refer  to  spent  femal<*s: 

Septeinl)er  -M).  Nearly  si^iwned  out.  Nuiiierons  ])arasites  (coi>epod8)  and  a  small  patch  of 
fungiis  on  each  gill.  Top  of  head  \\'ithont  fnnj^is.  but  with  skin  worn  off.  No  fnngns  on  body. 
Fins  and  skin  in  j^ood  condition. 

Octol)er  10.  But  two  eggs  left  in  Ixxly  ca\nty.  Gills  aljout  one-fourth  covere<l  with  fungus: 
several  gill  parasite's.     Skin  worn  off  caudal  fin  and  the  rays  alnnit  half  worn  off. 

Octolx^r  l.*».  All  but  1(»  eggs  spiwntMl.  Die<t  in  shallow  water.  Caudal  fin  entirely  worn  off, 
but  fish  otherwise  in  go<Hl  condition.     But  little  fungus,     (iills  Imt  slightly  injured. 

October  2H.  Entirely  spawned  out.  excejit  2  ey^ga  yet  attiiche<l  to  ovary.  Half  of  caudal  fin 
worn  off  evenly;  other  fins  in  good  condition,  (iills  one-third  destroye<l.  Small  patches  of  fungus 
in  varioiLs  places  on  b<Kly.     One  eye  blinded. 

NovemlK'r  1 .  Specimens  Nos.  *3  and  '^  from  the  river  were  of  the  same  length.  No.  2  had  spawned 
all  but  1)2  eggs,  and  No.  :{  all  but  442.  No.  ;J  weighed  \HH)  grams  more  than  No.  2.  The  skin  was 
entirely  worn  off  the  caudal  fin  of  No.  2,  and  the  rays  half  worn  off.  Caudal  fin  of  No.  '^  in  g«x>d 
condition. 

The  following  notes  refer  to  spent  mah^s: 

Novem])er  .").  Biidly  st^arred.  one  eye  blindcMl,  skin  worn  off  edges  of  fins  and  jaws.  Another 
specimen,  not  badly  scarred.  l>lind  in  lK)th  eyes,  skin  worn  off  snout  and  e<lges  of  fins. 

NovemlH»r  T).  Skin  and  fi<'sh  worn  off  in  several  places  bt»hind  dorsal  and  on  tail  nearly  to  l)ack- 
bone:  skin  worn  off  (Mlges  <»f  fins.  jaws,  and  the  whole  snout;  Iwjth  t'yes  blinde<l:  gill  filaments 
half  destroyed  by  fungus  and  parasites. 

November  10.  ( )ne  eye  blinded:  much  scarre<l:  little  fungiLs.  Another  sp«H'imen,  blind  in  ])oth 
eyes;  skin  worn  off  jaws  and  edges  of  fins:  skin  dead  all  over  tail  and  caudal  fin:  nearly  every  gill 
filam«'nt  with  one  or  more  parasitic  cojx'P'mLs,  and  many  sloughed  off  for  cme-third  their  length. 

Disefisfs  of  intestine. — The  intestine  of  the  spawning  salmon  is  frequently 
inhabite<l  by  tapeworms,  which  som(»times  completely  lill  it  and  ext<'nd  into  the  ca»ca, 
but  1  have  never  found  tbom  in  the  stomach.  Thcv  were  much  more  abundant  in 
1808  than  in  llMX).  In  addition  to  the  tapeworms  the  intestine,  especially  posteriorly, 
is  filled  with  a  visci<l,  gnnMiish  ycdlow  fluid.  No  examiimtion  of  this  lias  b<M»n  made, 
but  it  is  probably  formed  by  the  disintegration  of  the  lining  of  the  intestine,  a 
catarrhal  <les<iuamation  such  as  has  Ix^en  found  in  the  Scottish  salmon. 

Funtjus. — Fungus  as  relate<l  lo  salmon  dt»s<M-vcs  special  investigation.  Nearly 
all  the  salmon  that  reach  the  vicinity  of  l>attle  Creek  fishery  during  SeptemlxM'and 
October  become  affected  with  fungus,  which  grows  in  velvety  patcdies  on  various  part.s 
of  the  iMKly.  The  points  most  commonly  affected  are  the  top  of  the  head,  the  gills, 
fins,  and  eyes.  Of  31  specimens  noted  on  the  racks  at  Battle  Creek  fishery  during 
October  IG,  17,  and  18, 1900,  5  were  blind  in  both  eyes  and  14  others  blind  in  one  e3^e, 
as  a  result  of  fungus. 
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The  following  extra<*t«  from  my  field  notebook  indicate  the  rapidity  of  growth 
of  funguH,  and  show  a  condition  rather  worsen  than  the  average,  though  by  no  means 
exceptional.  The  two  descriptions  refer  to  the  same  specimen;  fii'st,  on  September 
30,  when  it  w^as  caught  and  Uigged  and  n^tumed  to  tlie  creek;  and  second,  on  October 
4,  when  it  was  found  deml  against  th<»  rack: 

Septem])er  30. — Male,  rijie,  weight  2,8()0  grains.  A  notch  in  left  pectoral,  a  slit  in  dorsal: 
caudal  with  a  few  small  dead  siM)ts,  one  worn  through:  3  imrasites  on  left  gill,  7  on  right:  whole  top 
of  head  and  upper  edgt*  of  iK.H*toral  fins  covere<l  ^ith  fungus:  skin  i^artly  worn  off  ^dd(*s  of  tail. 

Octol)er  4. — Fungus  covering  following  iK)rtionH  of  fish:  whole  top  and  sides  of  head  to  below 
eyes,  lower  jaw,  l>ac!k  in  front  of  dorsal,  edges  and  liases  of  pect4>ral  fins,  upjier  side  of  ventrals,  a 
spot  behind  right  iiectoral  and  one  on  l)ack  1)efore  >idiiK)s(»  fin.  half  of  adipose  fin.  siH>t  Ix^hind  left 
pectoral,  left  side  l>elow  dorsal  nearly  to  lat<^ral  line  and  half  way  to  a<liiM>s<>  fin.  l»ase  of  anal  on 
left  side,  and  Ix^lly  In^hind  ventrals.  Left  gill  with  seven  streaks  of  two  or  thnn*  dead  filaments 
each:  a  little  fungus  on  e<ich  dead  portion:  a  small  pat<'h  of  fungus  at  tip  of  gill  matting  together 
the  filaments  of  all  the  arches.  Riglit  gill  with  a  i)atch  of  fungus  at  tip  matting  togi^ther  filaments 
from  all  the  arches,  and  another  anteriorly  on  the  inner  arches.  Skin  of  tail  and  most  of  caudal 
fin  dead;  some  of  caudal  rays  gone. 

There  wei-e  woi*se  cases  of  fungus  than  the  one  here  descrilxMl,  but  tliis  shows 
what  can  grow  in  four  days.  Another  siHM»imen  that  was  in  good  (condition  when 
tagged  NovemlK^r  1  was  "half  covert»d  with  fungus"  when  si*en  last  on  the  8th. 

The  i)est  almost  disapp^^ared  in  I)ecenil)er.  Figures  I)  and  E  of  plate  15  show 
the  extent  to  which  salmon  are  sometimes  affected  with  fungus. 

Gill  panLsifes, — Anotlier  common  jiest  of  the  salmon  in  fresh  water  is  a  parasitic 
copeiMHl  which  attaches  itself  to  tlie  gill  filaments.  There  are  usually  not  very  many 
on  one  fish,  but  sometimes  the  gills  an»  almost  destroyed  by  them.  Plate  15  sliows 
an  extreme  example.  Tlie  gills  sometimes  d(»cay  without  being  affected  with  fungus 
or  parasites,  as  wjis  found  in  a  specinuiu  at  l^attle  Creek  fishery,  OctolHT  7,  IIKH),  in 
which  one-thii*d  of  the  gill  filaments  were  d(»ad.     (See  also  plate  1.*}.) 

Dist'dsed  ova, — In  all  of  the  females  found  dying  during  S«»pteml)er  and  October, 
1900,  the  ova  were  more  or  less  diseased.  Sometimes  theiv  were  only  a  few  addled 
and  misshaiK»n  ova  crowd (m1  into  the  interstice's  of  the  healtliy  ova,  but.  sometimes 
almost  all  were  addltnl.  Occasionally  there  were  a  few  abnormally  large  ova,  half  an 
inch  or  more  in  diameter,  and  in  a  specimen  taken  OctoU^r  12,  IIKK),  nearly  all  were 
in  this  con<lition.  In  anotlnn*  taken  alM)ut  th<^  same  time  half  w<»re  of  this  charac- 
ter, while  the  normal  ova  had  l)een  spawned.  In  another  a  thinl  of  the  ova  were 
addled,  and  the  others  had  absorbed  water  and  w(mh»  turgid.     See  fig.  C,  i)lat(^  15. 

LeiKjili  of  life  of  fall  salmon  after  reavhimj  spairninfj-t/rounds. — S(4)tember  30, 
1900,  numlH^nnl  metallic  tags  were  attached  U)  3  male  salmon,  which  were  then 
released  in  the  pool  betwe(»n  the  ra<^ks  at  Battl<»  C'lvi^k  fishery;  1  of  th(»se  was  found 
dead  Octoln^r  5,  having  survived  5  days.  Octoln^r  22,  3<*,  othci-s  wero  tagged  and 
released  in  the  ik)o1;  27  of  these  were  seen  at  various  times,  som(M)f  th(Mn  (luite  fre- 
quently, up  to  NovcMubcr  1,  and  5  of  th(»ni  wore  found  <lead  within  that  time,  the 
maximum  time  being  10  days.  On  Octoln^r  25  30  were  tagg(»d  and  ndeas<Ml  in  the 
creek  below  tlie  racks;  S  of  thes*^  were  found  dead  on  the  racks  up  t-o  NovcmiiImm-  10, 
a  pturiod  of  10  days.  Four  were  taggc^d  and  rel<»ased  in  the  mouth  of  the  cnM»k, 
about  2  miles  below  the  fishery,  on  Novcmln^r  4.  One  of  th<»se  was  s<'en  on  the  5th 
and  again  on  the  Sth,  wh(»n  it  wjis  almost  deiwl,  a  pcM-iod  of  4  <lays.  November  9,  39 
were  tagged  and  released  in  the  rfvt»r  Inflow  the  mouth  of  Battle  Creek;  3  wei-e  seen 
at  the  fishery  on  the  10th,  7  days  aftc^rwards. 
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Altogether  12  tajrpnl  lishos  were  seen  after  dyinjr,  and  lln^  average  time  that 
they  lived  after  tagging  was  11  days.  The  longest  time  was  l»i  days;  some  had 
pmhably  been  in  the  ereek  a  few  days  when  tagged,  though  the  freshest  wen»  selecte<l. 
Two  wet*ks  is  a  very  fair  rstimatr  of  Ihe  length  of  life  after  reaching  the  spawning- 
gi-onnds.  Branded  sjieeimen  No.  lil,  a  ft^nale,  lived  but  s  days  after  reaching  the 
spawning-grounds. 

DKATH. 

The  salmon  of  the  genus  Onrorliyurhus  appaivntly  has  no  instinct  whatever  to 
return  to  salt  water  after  spawning.  Worn-out  spt'cimens  aiv  sometimes  S4M*n  drift- 
ing down  stream  and  have  been  found  as  far  down  as  Sacramento,  though  it  is  b}' 
no  means  certain  that  such  have  been  on  spawning-beds.  In  such  castas  they  are 
simidy  tin)  weak  to  stem  the  current  and,  a<'conling  to  a  Sacramento  fisherman, 
"not  fit  to  look  at.''  Dead  Siilmon  raivly  float,  though  thecurn*nt  sometimes  washes 
them  along  the  bottom  a  short  distance  T  havt^  seen  ilead  salmon  lie  for  several 
days  in  rapids  and  have  seen  them  in  all  stages  of  decay  in  sti-ong  currents.  Of  the 
200  or  more  dea<l  salmon  that  wen*  marked  and  thrown  over  the  upjyer  nick  at 
Battle  Cit*i»k  fishery  in  11mm»,  only  -  were  carried  to  the  lower  mck,  which  was  a  half 
mile  further  down  stream.  In  small  streams  the  water  is  often  crreatlv  eontaminat«<l 
by  the  ilead  fish,  and  the  stench  is  a  great  nuisance  to  people  living  in  the  vicinit}'. 

Thegivat  variation  in  size  of  spawning  siilmon,  together  with  the  (occasional  pres- 
ence of  certain  scars,  such  as  a  broken  nose,  has  led  many  people  to  doubt  whether 
they  all  die  after  spawning  once.  The  variation  in  size  amounts  to  nothing  as  an 
argument,  when  we  know  that  with  alnuit  On  nlarkiMl  fishes  known  to  be  of  the  same 
age,  taken  in  the  Columbia  Hiver  in  ls!»s,  the  variation  in  size  was  from  10  to  57 
pounds.    The  broken  nose  could  Ik*  received  at  many  oth(»r  times  than  when  spawning. 

It  is  somt»iimes  thought  that  if  a  spawned-out  salmon  would  float  down  stream  to 
salt  water  it  would  revive,  but  such  is  not  the  t'ase.  Humpback  and  <log  salmon 
often  spawn  in  small  creeks  and  brooks  that  empty  directly  into  the  ocean,  yet  they 
die  like  other  species.  Tlu»y  have  be<»n  seen  dying  and  dead  in  braekish  water. 
The  investigation  of  the  bluebaek  salmon  or  redfish  in  Maho  in  is:»*>  (see  bulletin 
Uniteil  States  Kish  Commission  is'.ni,  p.  lHi>),  when  a  net  was  pla<*ed  across  the 
mouth  of  a  small  stream  <'ontaining  about  a  thousand  salmon,  proved  that  that  ii>\H^' 
cies  has  no  tendency  to  n»turn  to  salt  water  after  spawning.  Lake  Karluk,  Kadiak 
Island,  Alaska,  is  but  about  iM.)  miles  from  the  <K'ean  and  is  a  g]*eat  spawning-place  for 
the  bluebaek  s^ilmon.  The  outhM  is  shallow  near  the  inr>uth,  and  if  the  salmon 
ever  went  back  the  Indians  would  be  sure  to  see  them,  but  they  do  not.  In  June, 
1807,  the  shore  of  the  lake  for  miles  was  lined  with  the  bone-^  of  the  salmon  that 
had  died  six  to  eight  months  previously. 

The  fact  that  all  salmon  of  the  genus  Onrorhtjitrhu.^  die  very  shortly  after 
S|)awning  once  can  not  Ix*  questioned. 


/ 


i 


/ 


TRAP  IWR 


NOTES 


ON 


FISHES  FROM  STRIiAMS  AND  LAKIiS  OF  NORTHHASTFRN  CALIFORXIA 

NOT  TRIBUTARY  TO  THI:  SACRAMHNTO  lUSIX. 


Xaiuralist,  Uttiied  Siaivs  Fish  Commission  Steamer  A ibaiross. 


143 


NOTHSON  FISHHS  FROM  STRHAMS  AND  LAKFS  OF  NORTHFASTKRN 
CALIFORNIA  NOT  TRIBUTARY  TO  TIIF  SACRAMFNTO  BASIN. 


Hv  CLOriXSLF.Y  RITTER. 
Naturalist,  Uniteii  States  Fish  Cottimission  Stcauwr  Aibairuss. 


The  fishes  foriniufi:  the  ]>asis  of  Iho  followin^r  rei)ort  were  eolleel^d  in  ISUS  and 
1809  while  studying  the  distribution  of  the  fish<\s  of  the  Saerauiento  Basin.  The 
colleetion  was  studied  at  Leland  Stanford  Junior  l"nivei*sity,  where  siK»eial  faeilities 
for  study  and  comparison  were  afforded  by  thi*  iehthyolo^ieal  museum. 

The  localities  from  wliich  the  colleetion  was  obtained  represi^nl  four  basins,  now 
distinct,  though  at  one  time  probably  tributary  to  Lake  Lahonton.  These  basins 
are  GrasslH)i)i>er  Lake,  Eaj^le  Lake,  Honey  Lake,  and  Truckin*  Uiver. 

Grassho[)[)er  Lake  is  an  alkaline  pond,  with  no  outlet,  at  the  soutln^rn  end  of 
Grasshopper  Plains,  in  Lassen  County,  ami  contains  no  lislies.  A  siHicies  of  Agosia 
was  found  to  be  abundant  in  a  spring  emptying  into  the  lake. 

Eagle  Lake  also  has  no  outlet,  tlie  lowest  point  in  the  surrounding  wat^^i-shed 
being  over  oo  f«M»t  a1)ov<»  tlie  surfac<»  of  th<'  lake.  Its  water  is  slightly  alkaline, 
though  very  cU»ar,  and  near  tlu*  shore  supports  thi<*k  aquatic  vegetation.  Only  two 
spi»cies  of  lishes  were  obtai!ic<l,  the  Eagle  Lak(»  whitr-lish  (Rufilus  (tllniceits)  and 
a  sucker  {CJi(ismi.s((s  rhntnbfrJuini)  here  dcs<*rib4Ml  as  new.  A  trout  is  known  to 
inhabit  the  lake,  but  none  was  obtained. 

Two  stivams  were  lishcd  ifi  Iloncv  Lake  J>asin — Willow Cri»ek  and  Sus*in  Iliv4»r. 
The  former  rises  at  th<»  lowest  |)oint  in  tlie  Eagle  Lake  watershed,  an<l  its  upjx'r 
part  is  a  rough  mountain  stream.  It  was  IisIkmI  about  1*)  miles  north  of  Susanville, 
when*  it  passes  through  an  extensive  meadow.  Sus;in  Kiver  rises  on  the  eastern 
slo[H»  of  Lassen  Uutte,  ainl  above  Susanville  is  a  mountain  torrent.  Its  lower  part 
lies  in  the  plains  adjacent  to  Honey  Lake  and  is  dry  during  partof  the  year. 

Colh»ctions  were  ma<le  in  three  streams  of  Truckee  i>asin — Little  Truck<»e  Kiver, 
Sage  II(Mi  Creek,  and  Prosser  Creek.  The  former,  a  <*onsiderable  stivam,  15  to  .*>() 
feet  wide,  witli  w^vy  ro<*ky  bottom,  drains  Weblwr  Lake  and  Indepen<lence  Lake, 
and  was  fished  a  short  distance  below  the  outlet  of  tin*  latter.  Sage  Hen  Creek  is 
tribut^iry  to  Little  Truckee  liiver.  It  is  but  a  small  stream,  flowing  tlirough  a  nar- 
row wo(KhMl  vallev.  Prosser  ("reek  is  tributarv  to  Truck<»(»  River  and  <lrains  the 
tjible-land  north  of  Truckee.  It  was  fished  near  Prosser  i>ar,  when*  it  is  a  meadow 
stream  from  <>  to  10  feet  wide  and  <>  inches  to  0  feet  deej). 

The  fish  fauna  of  these  watei-s  is  very  limited.  Thn^t^  sin^cies  are  describe<l  as 
new.  The  colU»ction  consists  of  l»  native  and  -  intnMluced  sp<»ci(»s,  distribute<l  as 
follows:  One  siK»cies,  Agnsni  nthusfd,  is  common  to  thret*  of  the  four  basins  and  is 
probably  to  l)e  foun<l  in  the  other  basin.  Eagle  Lake.  Anoth(»r,  Rutiiu^s  oUcaceuSy  is 
found  ill  all  the  basins  except  that  of  Grasshopi)er  Plains.     Chasm  iates  chamherlaini^ 
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of  KaKlt^  I«iike,  is  iiol.  fuiiiid  eWwl«>rv.  lloiicy  I>Hk«  ami  TruckwUivcr  lHwiii«liHve 
fi  DHtivo  upwncs  ill  coiiiitioti — Piiiil4>.sl<-us  hihunlon,  C<do.ihi>nux  tahoensi.t,  Itiililus 
olii'fuviiti,  Atjtm'm ruhuxln, mid  CiiltuHhiliUnijU.  Siihiio in'tleuti  in fotiiid  in  Iwtli  biUiiiiK, 
but  it  haH  Iwen  iutriHliiccil  into  Triirkee  BtiHiii,  ami  [xiHHihly  into  Ilnney  Luke  Itamii. 
Le.iu-hsi-uaeijrefjuin  iu  also  known  f  i-oni  llont-y  I^akc  liaisin,  and  Cori'ijiinux  williiunstini 
and  StUnio  heiiahawi  fmui  Tru<!kce  lianiii.  S'.dvelinun  foiittnall»  haw  l»eon  iiitro- 
dueed  into  the  latter  luisin. 


PantOBteua  lahoaton  Riiltir,  mw  fiHvicn. 

Hi'Hii  4,.'".  inleiiKth,  ili'ptli  '>.'>:  I'yc  (i  in  biwl:  D.  Hii.r  II:  A.  7:  wales  17-f*l  tolHl-12.4:  to. "id 
liefiini  ilorwil.  Body  terete,  i.'aniliil  iki]iiii<-1i-  but  little  i'(>mi>reiwe(1:  iiitiirorliitiil  Hli){htly  couves.  or 
flat,  vdilth  of  Imiie  'i.A  in  bittil:  eye  iHwtcrior.  :l  in  xiiunt.  'J.r>  in  intenirliitul  HjiiU'e.  l.r>  in  ilixtanee 
botwe<'n  eyt'  ami  npiN-r  i-nd  of  (filliiiH'iiin^:  Kiimit  ctgnul  to  luilf  of  lieiiil,  limailly  runnilctl  Ixith  ver- 
tically luiil  hi >ri2on tally.  iiTDJtt'tiui;  iH'ymiil  the  larffe  iiionth:  4  towh  of  {lapilla-  on  uiiper  lip,  4 
RiwHai-riitwMymphyaiMof  lower  liji.  1(1  iiiipillie  in  »niil)li<inertiwfriini('i>rner  of  niiintlitii  inner  i-orner 
(if  liilie  of  lower  li]!:  ixlliiuun  tin>u<1er  lluiii  iiiterorliital.  tnjnul  t»  (liittani-e  Iietwe«>n  pnpilii:  fontanelle 
prewiit.  Imt  lexH  tliati  Imlf  wiiltli  nf  pupil  in  ii  ti-ineh  Mtn-ciiueUL  ilorxal  inxerted  friini  49  to  !i2 
bnndrt>(U1iH  *if  Uxly  frtiui  tip  of  Ninnt:  vetitnils  inserted  under  ninth  ray  of  dimal,  halfway 
U'tween  tip  of  Miiint  and  ti[)  »f  niidille  caudal  rays:  caudal  1.3  in  hfiul,  deeply  enutrtnnate.  not 
forked;  ixvtoral  1.:i  in  hi.'ail:  tai-iKht  i)f  doraatl  alxiut  1.4  in  beial.  the  Itane  eipial  to  Mnoiit.  margin 
nlifthlly  eiuarKinate;  ventrals  l.T  tt»  l.S  in  litMul.  Very  dark,  almost  black  above,  abruptly  iMiler 
lu'low,  lower  fina  slij-luly  dn^ky.     Maxiunun  length,  alNiut  6  inches. 

lloM-ly  reluteil  tii  l^tHttmtrnn  yiHiTiKnin.  but  M-itli  the  fiillowinK  differences,  deteniiiueil  by 
(^nniiariMin  with  siMi-iinens  of  that  siM-cieH  of  the  iwnie  i>ize  fn>in  Pnivn.  Utah.  The  Pnivo  Hi>eci- 
utena  have  the  dorsal  10  or  II  inntewl  of  It  or  10.  its  dew.' ril>e*1  by  Jordan  &  Kvei 
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Foniul  in  atmiKlauce  in  Snsan  Riwr.  and  alw.  in  Little  Tmckei-  River  and  Prowwr  (.'nvk. 
Tj-jieB  (No.  OUJS7.  V.  S.  Nat.  Ma»,l  fnan  Susan  River,  collected  by  Rutler  mid  fhamlxrlain. 
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Oatoetomus  tahoensis  Gill  &  Jordan. 

Head  4.4  in  length,  o  to  tip  of  middle  caudal  rays;  depth  4.8  in  length;  width  of  head  throngh 
opercletj  eiiual  to  its  depth;  eye  .")..>  in  head.  2.5  in  snout,  2.7  in  interorbital  sjjace,  1.7  in  distance  from 
eye  to  upj^er  end  of  gill-oi)euing  (by  eye  is  meant  the  orbital  opening,  not  the  eye-ball  nor  socket): 
interorbital  (Inme)  2.3  in  top  of  head;  width  of  isthmus  li.H  in  head,  a  little  less  than  distance 
between  eye  and  gill-oiieninfr.  e<inal  to  width  of  opercle,  and  also  etinal  t4)  distance  between 
comers  of  mouth.  (Measurements  made  on  a  7.3  inch  8j>ecimen.)  D.  11;  A.  7;  scales  17-^  to 
105-16.  Body  rather  slender,  profile  steep;  snout  blunt;  mouth  large,  with  full  lips,  covered 
with  rather  coarse  i>apilla?  which  do  not  l)ecome  much  smaller  toward  margin  of  lips;  upi>er  lip 
with  about  six  rows  of  much-i-rowdeil  i)apillie;  lower  lip  with  two  rows  across  sjTuphysis,  and 
about  8  i>apillie  in  a  longitudinal  row  through  lol»es;  j^)osterior  margin  of  lower  lip  reiw.*hing  ver- 
tical through  posterior  nostril.  Orbitiil  rim  but  little  develoiKxl.  middle  ridge  of  .skull  broad,  the 
interorbital  s^mce  rather  high  and  rounde<l.  Insertion  of  dorsal  in  middle  of  body,  its  length  1.4 
in  its  height.  Insertion  of  veutrals  under  fifth  ray  of  dorsal.  L«*ngth  of  caudal  1  to  1.1  in  head, 
rather  deei)ly  forketl,  middle  ray  1.0  in  longest.  Anal  reaching  i>ast  base  of  caudal,  its  height 
equaling  length  of  cautlal;  length  of  ventraLs  e(iuaLs  height  of  dorsiil;  i)ectoral  a  little  shorter  than 
caudal.  Lieast  depth  of  caudal  innluncle  2.0  in  head.  Lateral  line  complete,  straight.  Peritoneum 
black.    Color  nearly  black  abovt*.  slightly  mottled  with  i)ale  yellowish  below. 

Taken  in  Willow  Creek.  Susiin  River,  Little  Truckee  River,  and  Prosser  Creek.  Description 
based  on  specimens  from  Susan  River. 

Chasmistes  chamberlaini  Rutter.  new  species. 

One  young  example.  1.7  inches  long,  and  a  dried  head  3.3  inches  long,  which  can  not  be  referred 
to  any  hitherto  descril>etl  species,  were  obtained  at  Eagle  Lake.  Eye  7  in  head,  3  in  snout,  2.H  in 
interorbital  bone.  2  in  distance  from  eye  to  upper  end  of  gill-ojiening.  Prenia.YJIlary  spines  form- 
ing a  prominent  hump,  maxillary  incline<l  about  40  ,  falling  far  short  of  anterior  nostril,  its  length 
from  free  end  to  tip  of  snout  just  e<iual  to  snrmt  in  front  of  nostril,  3.2  in  head;  lower  jaw  3.5  in 
head.  Interorbital  (Ixme)  2  in  head,  considerably  arched  transversely;  a  low,  shaq)  longitudinal 
ridge  along  middle  suture,  showing  even  in  the  young  exami^le.  Na.sal  spines  verj*  i)rominent; 
fontanelle  closetl,  coveretl  by  a  thin  l)one.  ^lucus  canals  prominent,  but  probably  intensifie<l  in 
drieil  si^ecimen.  Lips  thin,  two  rt)ws  of  papilhe  on  upi)er;  lower  incised  to  lia,se.  lobes  small,  with 
scattered  papilhe.     (The  al>ove  data  fn>m  the  drieil  head.) 

Cross  s^'ries  of  s«.-ales  1)3;  D.  10;  A.  7.  Origin  of  dorsiil  in  middle  of  Ixxly,  veutrals  inserted 
under  sixth  or  seventh  ray  of  dorsiil.  Pe<--toral  broad,  reaching  two-thinls  distance  to  ventrals. 
Ventrals  sianely  reaching  vrnt.  the  outer  two  rays  longest.  Anal  l«>w,  when  depressed  reaching 
halfway  to  caudal.     Caudal  i»eilnncle  l«»ug  and  slender. 

Hjis  smaller  scales  thim  any  other  s^nvies  of  the  geniLs.  The  dorsid  and  anal  are  the  same  as 
in  C.  cojH  i\  but  it  differs  from  that  s^nvies  in  the  broiid  int»'rorbital  and  the  jKipillose  lii)s,  in  addi- 
tion to  the  small  s<alt*s.     The  sharj*  ridge  nn  inten>rbital  als4»  s^-enis  t<>  be  a  distinctive  cliaracter. 

Nametl  for  Mr.  F.  M.  ChamU*rlain,  of  the  V.  S.  Fi.'^h  Commission  steamer  .!//></ /ro.sx. 

T>i>e  (No.  505SS  C.  S.  Nat.  Mils.  ).     ColltH^-ti-^l  in  Eagle  Lake  by  Rutter  and  Chaml)erlain. 

I«euciscus  egregius  ((^irard). 

The  spei^*imens  h«*re  nott.Nl  are  not  tjuite  so  de*'p  as  spe<-'imens  from  Winnemucca,  Nev.,  but 
otherwise  can  not  1k»  distinguished.  They  have  two  re<l  striiH*s  along  side,  with  a  darker  striiie 
between.  Lower  part  of  cheek  yellowish,  with  some  yellow  along  e<lge  of  Kdly.  Scales  in  lateral 
line  55  to  r»:3.     D.  s  «ir  U;  A.  8  or  9.     Common  in  Willow  Cre**k  and  Susan  River. 

Butilus  ollvacous  (Cojie).     Kagle  IaiKt  W'hitr-Jish. 

This  species  was  met  ^^ith  in  Eagle  Lake  and  Willow  Creek,  where  it  attains  a  length  of  8  inches. 
Head  3.3  to  3.7  in  lio«ly;  depth  3.7  to  4.5:  eye  4.4  to  5  in  head:  insertion  of  dorsal  0.5; J  to  0.57  of 
body  from  snout.  Scales  I5-5x  in  (>4-><:  D.  S;  A.  ><:  teeth  5-4  or  5-5.  Body  elongate,  little  com- 
pressed, little  elevate<l,  regularly  curvt^l  from  <K-ciput  to  dorsiil,  highest  over  tip  of  i^ectoral.  Head 
long;  mouth  «»bli<iue;  jaws  even,  the  lower  forming  a  distinct  though  verj' obtuse  angle  with  lower 
profile.  Premaxillary  on  level  with  lower  half  of  pupil.  Top  of  head  .slightly  i-oncave.  Lateral 
line  but  little  dtn-urv-ed.  Tip  of  depresse<l  dorsiil  over  fnint  of  anal.  Caudal  peduncle  long,  but 
little  tapering,  its  length  from  anal  e<iual  to  head  l)ehind  front  of  eye.  its  thickness  over  end  of  anal 
equiU  to  sn<mt.  This  species  differs  from  Rutins  In'minr  in  the  finer  scales  and  in  haring  the  same 
umuber  of  rays  in  the  anal  that  it  has  in  the  dorsal,  B.  bioulur  haNing  one  fewer  in  the  anaL 
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AgoBia  robiuta  Rntter,  new  species. 

Body  heavy,  highest  above  iiisertiun  of  pectorals:  the  ventral  outline  cnrred  almost  as  mneh 
as  the  dorsal.  Head  a. 8  to  4  in  body;  snont  blunt,  but  little  overlapping  the  preniaxillary  and 
never  extending  beyond  it;  mouth  oblique,  barbels  uanaJIy  absent,  i)resent  on  lU  to  oO  per  eent  of 
specimens  from  uny  one  luuility.  FinsHmall;  D.  8;  A.  T;  iMtctural  about  eqnal  hi  head  behind  nostril. 
variable;  caudal  moderately  forked,  middle  rays  twu-thirds  length  of  lougent;  mdimeutaiy  caudal 
rays  formin({  prominent  heels  along  upper  and  lower  edgeiiof  tail;  margin  of  anal  slightly  rounded, 
the  anterior  rays  not  all  produced,  not  extending  beyond  posterior  raya  when  fin  is  depressed. 
Lateral  line  nearly  always  incomplet«,  but  with  scattered  pores  frequently  extending  to  buse  of 
candal;  scales  ,16  to  77,  varying  about  13  in  any  one  locality.  Usually  two  dn^hy  lateral  stri)>eB,  the 
tipper  extending  from  snout  to  caudal,  the  lower  branching  off  from  the  nppcr  behind  the  head 
and  ending  along  base  of  anal;  cheek  abruptly  silvery  below  lateral  atripe;  tinged  with  onmge 
about  lower  jaw,  upper  end  of  gill-opening,  and  at  base  of  lower  fins. 

Type  (No.  505K9  U.  S.  Nat.  Mus.).    Collected  in  Prosser  Creek  by  Rntt<!r  and  Atkinson. 

Taken  in  Spring  Creek,  Willow  Creek,  Sosan  River,  Little  Truckee  River,  and  Proeeer  Creek. 


Ooregonua  williamaoni  Giranl. 

Abundant  in  streams  tributary  to  Trnckti.'  River.    A  '■  native  whit«t-fiMh."  probably  tliis  (<]>ecies, 
is  reported  from  Bigler  (Taboe)  and  Ditnner  hikes  in  the  California  Fish  CommiBsiou  Retx>rt  for 
1883-84. 
Salmo  heoaluiwi  (Oill  &  Jordan).     Lake  Taliitc  Trout. 

Occurs  in  only  the  Truckei^  Basin,  and  titkon  in  Little  Truckee  River,  Sage  Hen  Creek,  and 
Proesor  Creek.     The  black  spots  of  sides  much  larger  and  fewer  tlian  in  fiiilnio  irhUim, 
Salmo  irideuB  Uibbons.     Hin'nbiiip  7Vou{. 

Readily  distingninhod  from  the  alwve  by  the  very  small  and  numerous  black  «pot«,  »h  well  as 
by  the  »lM«>ace  of  the  red  blotch  un  inner  edge  of  mandibles.     IntTodncetl  into  TmckiHt  Basin,  and 
possibly  also  into  Honey  Lake  Baaiii.    It  was  olwerved  in  Susan  River  and  Proseer  Creek. 
SalvelinuB  fontinalie  (Mitchill).    Bniok  Trtntt. 

This  Bi)ecioa  has  been  introdnfiil  into  Prosser  Creek,  where  Bi>ecimen»  wore  token. 
Cottua  beldingrii  Bigenmann  &  Eigenmann.    Illob. 

Palatine  teeth  wanting;  no  prickles  on  skin;  lateral  line  broken  under  posterior  rays  of  dorsal, 
sometimes  a  few  pores  on  caudal  )>eduncle,  nsnally  none.  Top  of  he^ul  covered  with  mumte 
pimples.    Dorsal  spines  fl  to  8.  dorsal  nkys  l.'i  to  19,  anal  rays  11  t<)  14. 

Found  in  Susan  River,  Little  Truckee  River,  Sage  Heu  Croek,  and  Proaaer  Creek. 
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BRI:EI)IN(;  HABITS  OV  THE  YHLI.OW  CAT-FISH. 


By  HU(;II  M.  smith  and  L.  G.  HARRON 


In  view  of  the  paucity  of  information  in  re^rd  to  the  spawning  habits  of  oat- 
fishes,  and  owing  to  the  |K>ssi])le  inauguration  of  rat-tish  culture  in  resix)nse  to  a  wide- 
spread demand,  we  think  it  worth  while  to  present  these  observations  on  one  of  the 
mast  imix)rtant  members  of  the  family.  The  notes  may  \ye  taken  in  conjunction 
with  Dr.  AUwit  C.  Evdeshvmer's  ''  Observations  on  the  breedinjjf  habits  of  Aiaelurus 
7ieiu///f(tfJi,**  published  in  the  Anu-ncau  X(tturalli<t  for  November,  11)01. 

On  July  8,  11*02,  it  was  observed  that  among  a  lot  of  3'ellow  cat-fish  (Ameiurus 
7iebfiloi<ui<)  from  the  Potomac  River  near  Washington,  which  had  l)een  in  the  Fish 
Commission  arjuarium  since  May  V.K  11*02,  two  had  jwiired  and  exhibited  breeding 
tendencies.  They  had  withdrawn  to  one  end  of  the  aquarium  tank  and  maintained 
themselves  there,  the  male  driving  away  any  others  whi<'h  approached.  The  other 
fish  were  thereupon  removed  and  the  two  in  cjuestion  left  unmolested.  They  were 
kept  under  daily  observation,  and  their  behavior  furnished  the  principal  data  on 
which  this  pap«^r  is  l)ased.  In  the  latter  part  of  July  another  pair  of  fish  in  the  same  lot 
showed  an  in<'li nation  to  sjmwn  and  afforded  additional  information,  as  did  also  a  lot 
of  eggs  of  the  same  species  found  in  a  pool  in  the  Fish  Commission  grounds  on  June  16; 
these  eo;irs,  which  were  alK)ut  ready  to  hatch,  were  removed  to  an  ac^uarium,  where 
two-thirds  hatrhed  the  same  night,  the  others  l>eing  dead  the  next  moniing. 

Xti<t'in4ik'fni/. — The  aquarium  in  which  the  fish  were  held  was  5  feet  long  and  16 
inches  wide  on  th<»  l)ottom  and  IS  inches  high,  the  po^^terior  wall  inclining  obliquely 
l)ackward  so  that  at  the  surface  of  X\w  water  the  tank  was  2  f<»et  4  inches  wide.  The 
front  was  of  solid  glass,  and  the  sides,  bottom,  and  back  were  of  slate.  The  lx)ttom 
was  covennl  with  gravel  and  a  little  siind  to  the  depth  of  li  or  2  inches. 

The  nest-making,  as  nuxlitied  by  the  aitificial  conditions  of  the  aquarium,  con- 
sisted in  removing  all  the  stones  and  sand  from  one  end  and  keeping  the  slate  ])ottom 
scrupulously  clean  from  all  foreign  objects,  even  the  smallest  particles  of  food,  sedi- 
ment, etc.  In  moving  the  pebbles,  which  were  mostly  f  r(»m  one-half  to  three-fouiths 
of  an  inch  in  diameter,  the  fish  took  a  vertical  or  slightly  oblique  j)osition  and 
sucked  a  pt^bble  into  the  mouth,  usually  l)eyond  the  lips  and  out  of  sight,  then  sw^am 
toward  the  other  end  of  the  tank  and  dropped  it  by  an  expulsive  or  blowing  effort. 
Sometimes  the  gravels  were  carried  only  a  few  inches  and  sometimes  the  entire 
length  of  the  acjuarium.  I'sually  the  fish  swam  horizontally  near  the  l>ottom  when 
ctirrying  a  stone,  but  sometimes  turned  obli(|uely  upward  and  dropped  it  from  near 
the  surface.  l^>th  fish  participated  in  this  operation.  The  removal  of  finer  sediment 
waseffcH'ted  bv  aciuick  lateml  movement  of  the  l)odv  which  cjuised  a  whirl  that  lifted 
and  floated  the  ])articles  }>eyond  the  limits  of  the  nest. 

The  jMiirof  fish  more  |)jirticularly  under  consideration,  during  the  first  night  they 
were  in  the  aquarium,  remov(»d  all  the  gnivel  from  over  a  space  nearly  2  feet  long  and 
li  feet  wide,  upward  of  a  gallon  of  stones  being  transferred  as  described.     After 
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the  Hccond  pair  of  iish  had  cleared  a  similar  spa<»e,  a  pint  or  more  of  jifmvel  wa.s 
scattered  on  the  neat:  the  tish  immediately  began  to  remove  the  ston(\s,  and  in  a  few 
minutes  had  completely  freed  the  nest  from  gnivel.  The  gi*avel— regjinh^d  by  bass 
and  other  tishesasdesirai)le  material  for  the  bottom  of  nests  -  may  be  rcMnoved  l»v  the 
cattish  for  two  reasons:  (1)  To  have  a  clean  place  for  the  eggs  and  young,  so  that  they 
may  Im^  better  guarded  and  agitjited  as  hereafter  descrii)ed;  (:i)  to  provitle  a  smooth 
place  on  which  to  res\;  and  against  which  to  rub  the  abdomen. 

Upward  of  twenty  years  ago  the  yellow  cat-tish  was  nmch  more  abuiulant  in 
the  Potomac  River  than  at  piesent.  The  marshes  in  Piscatnway  ( -n^ek  were  a  favorite 
j)lace  for  the  fish  to  spawn,  and  large  <|uantiti(\s  were  theie  taken  each  s(»ason  in 
spring  and  summer,  mostly  by  colored  people  living  near  the  river.  The  fish  at  that 
time  of  year  were  found  in  shallow  water  occupying  depressions  in  the  muddy  bottom, 
with  most  or  all  of  their  bodies  concealed  in  an  excavation  extending  latenillv  from 
the  rounded  depression.  The  Hshermen  easily  made  large  cat<*hes  by  wading  and 
thrusting  their  hands  into  the  depressions.  An  old  colored  man  whom  we  knew  used 
to  ref(M*  to  a  marsh  as  hivj;  '""meat  market,'"  and  would  often  bring  ashore  a  sackful 
of  yellow  cat-tish  ciiught  in  this  way.  We  are  inclined  to  bc^lieve  that  these  tish  were 
brooding,  l>ut  we  have  had  no  opportunity  of  late  years  to  examine*  them  critically. 

liehaivoi'  of  adult  fiah  hef<tre  fqxiumJiuf. — Two  days  intervened  l>etween  the 
beginning  of  the  ne.st-making  and  the  laying  of  the  eggs.  As  soon  as  the  nest  was 
made  ready,  the  fish  became  ver}"  (piiet.  During  most  of  the  time  they  rested  on 
the  bottom,  with  practically  no  body  or  tin  movement,  except  at  intervals.  The  fish 
lay  close  together,  often  parallel,  with  their  alxlomens  just  clear  of  the  bottom,  their 
weight  being  l>orne  on  the  anal  and  ventral  fins.  At  freciuent  int(»rvals  the  female 
compresscHl  her  distended  abdomen  against  the  smooth  slate  l)ottom  with  a  quivering 
or  convulsive  movement,  the  male  often  accompanying  or  following  the  female  in 
this  action,  which  is  obviously  for  the  purpose  of  loosening  the  eggs. 

The  second  pair  remained  on  the  nest  from  fluly  IS  to  S<^pteml)er  1^0,  when  they 
were  removed  to  make  room  for  other  species,  as  it  was  evident  no  eggs  would  be  hiid. 
During  this  time  they  l)ehaved  in  the  same  wa}'  as  the  other  pair  and  their  failure  to 
spawn  can  not  be  positivel}^  accounted  for,  though  such  an  out(M)me  luis  been  the 
rule  among  fish  retained  in  the  Fish  Commission  aquarium.  The  enlargem<Mit  of  the 
alnlomcn  and  ripening  of  the  eggs  go  on  to  a  point  when  spawning  seems  imminent; 
the  actions  of  the  fish  suggest  the  arrival  of  breeding  time;  l)ut  no  i^^^i^  are  laid. 
After  a  few  weeks  the  enlargement  of  the  abdomen  subsidies,  and  dissection  has  some- 
times shown  a  licpiefaction  of  the  egg  mass.  It  has  been  suggested  that  the  pr(\s(Mice 
of  alum  in  the  circulating  w.ater  has  an  injurious  Jistringent  action  on  the  mucous 
meml)rane  of  the  vent,  and  it  is  a  significant  fact  that  the  change  from  an  o[xmi  to  a 
closed  circulation,  with  consequent  elimination  of  the  alum  filt(»r,  was  scmhi  followed 
by  the  spawning  of  the  cat-tish  first  mentioned — an  unprecedented  occurrence  at 
the  Fish  Connnission  acpiarium.  The  second  pair  of  fish  had  been  in  the  alum- 
filtered  water  for  a  few  days,  some  time  before  the  spawning  season. 

Nuitihrr^  <'lutr<wU')\  and  h)cuhation  of  e(jgH,—0\\  July  5,  l)etween  10 and  11  a.  m., 
the  eggs  were  de|>osited  in  four  sepamte  agglutinated  masses  on  the  clean  Axiiv  bottom. 
Unfortunatelv,  the  fish  were  not  under  observation  at  this  time,  although  th(»v  W(»n» 
watched  for  about  fifteen  minutes  after  the  extrusion  of  the  first  two  lots  of  eggs, 
when  it  wjis  supposed  the  spawning  had  l)een  completed.  The  masses  of  eggs  were 
of  nearly  uniform  size,  about  4  inches  long,  2^  inches  wide,  and  half  an  inch  thick. 
The  newly  laid  eggs  are  one-eighth  of  an  inch  in  diameter,  nearly  transparent,  and  of 


BREEDING  HABITS  OF  THE  YELLOW  OAT-FISH.  153 

a  pale  3'ellow  color.  The  nuiiil)er  of  egg's  deposited  was  estimated  at  2jHM).  The 
incubatory  |)eriod  was  5  days  in  a  mean  water  temix^rature  of  77  F.,  the  lowest 
temperature  \ye\ng  75  and  the  highest  So  .  About  12  hours  intervened  In^tween  the 
hatching  of  the  first  and  hist  i^gg^^  Active  movement  was  observed  in  the  embryos 
4()  hours  after  the  oggs  were  hiid.  Fully  W  per  cent  of  the  oggs  liat<hed  into  normal 
frv,  a  few  weak  and  deformed  frv  and  a  few  unfertilized  or  dead  eirirs  l>einir  notice<l. 

Gnnrth  nf  ytnnuj. — When  the  fry  tii*st  emerg(»d  from  the  {^gg  they  were  al>out 
oneH|uarter  of  an  inch  in  length,  and  of  a  yellowish,  tnmsjmrent  color.  By  the  sec- 
ond dav  the  skin  of  the  back  had  begun  to  darken,  and  bv  the  (»nd  of  the  foui*th  dav 
the  entiiv  upi)er  parts  were  unifonnly  bluish  black  and  the  under  side  had  become 
whitish.  On  the  third  day  the  barl>els  at  the  angles  of  the  mouth  and  the  |>ectoral 
and  dorsjil  spines  were  clearly  visible  through  the  glass  front  of  the  aquarium. 

Until  6  days  old  they  remained  on  the*  lK)ttom  in  densely  packed,  wriggling 
mas,ses,  the  largest  lot  in  the  nest  and  sevenil  smaller  lots  in  other  ])arts  of  the 
a(|uarium.  On  the  sixth  day  they  l>eg;in  to  ri>e  vertically  a  few  inches  aUive  the 
l)ottom,  at  fii-st  falling  l>3ick  at  once,  but  gradually  remaining  longer  above  the  lM)t- 
tom.  Bv  the  end  of  the  seventh  dav  thev  were  swinuning  a^'tivelv,  and  pnicticjiilv 
all  collected  in  a  school  ju^t  l>eneath  the  surface,  whei*e  they  n»mained  for  two  days. 
They  then  ])egan  to  scatter,  and  subsec|uently  did  not  school. 

The  relativelv  large  yolk-sac  had  nearly  disapi>eared  by  the  sixth  day,  when 
they  began  to  eat  finely  ground  Imef  liver,  and  they  were  feeding  ravenously  by  the 
eighth  day.  l^tween  feeding  times,  they  passed  much  of  the  time  on  the  bottom  of 
the  aquarium  in  search  of  food,  which  they  ate  in  an  almost  vertical  iK)sition,  hea<l 
downward;  they  also  browsed  on  the  sunny  side  of  the  aquarium,  where  there  was 
a  short  growth  of  alga^.  The  early  growth  wa.s  rapid,  but  not  uniform;  on  the 
eleventh  day  their  length  varied  from  one-half  to  three-fourths  of  an  inch.  At  the 
age  of  2  months  the  average  length  was  2  inches;  but  after  that  time  the  growth  was 
ver}'  slight,  and  in  January,  ll*08,  six  months  after  hatching,  the  length  of  the  sur- 
vivors was  only  2}  to  2i  inches.  The  slow  growth  was  undoubtedly  due  to  the  fact 
that  the  frv  were  retained  in  small  troughs  where  the  conditions  w<'re  ur.natural. 

C<n\  of  *(j(jH  and  tjoHinj, — During  the  entire  hatchi?ig  [KM-iod  lH)th  i^rents  were 
incessant  in  their  efforts  to  prevent  the  smothering  of  tlu*  ^gg^^.  to  keep  them  clean, 
and  to  guard  against  intruders.  The  ^ggi^  were  kept  constiintly  agitated  and  aeratt»d 
by  a  gentl<»  fanning  motion  of  the  lower  tins,  and  foreign  [articles,  either  on  the 
bottom  of  the  nest  or  floating  near  the  ^gg^^.  were  removcMl  in  the  mouth  or  by  the 
fins.  The  most  striking  act  in  the  cjireof  the  ^gg^^  was  the  sucking  of  the*  iygg  masses 
into  the  mouth  and  the  blowing  of  them  out,  this  l>eing  re|M»ated  s(»vei-al  times  with 
each  <'luster  l)efore  another  lot  was  treated. 

The  male  was  jKirticularly  active  in  watching  for  intruders,  and  savagely  atta<*ked 
the  hands  of  the  attendant  who  l)rought  food,  and  also  rushed  at  sticks  or  other 
objects  introduced  into  the  aquarium.  Practicjilly  the  entire  work  of  dc»fense  was 
assumed  by  the  male,  although  the  female  lycjisionally  ivarticipated. 

During  the  time  the  fry  were  on  the  lK)ttom  the  attentions  of  the  pjirents  were 
unrelaxed,  and,  in  fact,  were  increascnl,  for  the  tendencv  of  the  different  lots  to  Invome 
st»ttered  had  to  Ix*  corrected,  and  th(»  dense  j)acking  of  the  young  in  the  corners 
s(*emed  to  o<^casion  nuich  concern.  The  masses  of  frv  were  constantlv  stirred  as  the 
eggs  had  Ijcen  by  a  flirt  of  the  fins,  which  often  sent  dozens  of  them  3  or  4  inches 
upward,  to  fall  back  on  the  pile. 
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The  vc*r\'  younjf  fry  w<*n?  also  taken  inti>  the  mouths  of  the  parents  and  blown 
out.  esfx»4rially  those*  which  lM»<*anie  M'paratiKl  from  the  main  lot  and  were  found  in 
the  Hand  and  sediinent.  The  old  Anh  would  take  in  a  mouthful  of  try  and  foreign 
|)artieIeH,  retain  them  for  a  moment,  and  expel  them  with  some  force.  After  the 
younj^  }M»^n  tf>  swim  and  iK^rame  watt4»red,  the  |)arent8  continued  to  suck  them  in 
and  mouth  them,  and,  as  subsequently  developed,  did  not  alwaj's  blow  them  out. 

An  interesting^  habit  of  the  parents,  more  especially  the  male,  oliserved  during 
the  first  few  <lays  after  hatching  was  the  mixing  and  stirring  of  the  masses  of  young 
by  nutans  of  th<^  liarlnds.  With  th<Mr  chin  on  the  liottom,  the  old  fish  approached  the 
c/>rn(»rs  when*  the  frv  were  lMink(*d,  and  with  the  Invrln^ls  all  directed  forward  and 
flexed  where  th(»v  touched  the  Isittom,  thoroughly  agitiited  the  ma<s  of  fry,  bringing 
th<^  d<»eix?st  individuals  to  th(».  surface.  This  act  wa*<  usually  rej^eated  several  times 
in  (juick  suca^ssion.  The  care  of  the  young  may  l>e  said  to  have  ceastnl  when  they 
lN!gan  to  swim  fn»(»ly,  although  lK>th  jKirents  (*ontinueil  to  show  solicitude  when  the 
atU^ndant  approa<*lied  the  a<|uarium  from  the  rear. 

When  12  days  old,  about  1,500  of  the  fry  were  removed  from  the  acfuarium 
to  relieve  crowding,  and  phu-ed  in  a  hat<*hing-t rough  such  as  is  employed  for  salmon 
and  trout.  For  som<»  unknown  (*ause,  alK>ut  1,(MM)  of  these  died  during  the  first  three 
days.     The  oth<»rs  survived  with  little  or  no  loss,  and  are  still  on  hand. 

The  fry  which  were  left  with  their  parents  continued  healthy,  but  their  numlwr 
steadily  de(Teas(»d.  Th(»re  being  no  way  for  them  to  escapi\  and  a  closely  woven  wire 
screen  jin^venting  inroads  from  the  exterior,  it  was  susjxH'ted  that  the  old  fish  were  eat- 
ing their  young,  though  they  were  liberally  fed  at  suit^ible  intervals.  They  were  kept 
un<ler  <*lose  observation  during  the  day,  and  were  seen  to  be  fond  of  mouthing  the 
fry,  more  esiM»cially  the  weak(»r  ones  -a  habit  which  at  this  stage  seemed  unnecessary. 
They  wcm-c,  fre<iu(»ntly  seen  to  follow  leisurely  a  fry,  suck  it  in  their  mouth,  retain  it 
for  a  while,  and  then  exi)el  it,  sometimes  only  to  capture  it  agtiin.  There  was  no 
motive  pursuit  of  the  fry,  and  the  tendcuicy  seemed  to  l)e  to  spit  them  out.  In  one  or 
two  instances,  however,  it  app(»ared  that  fry  taken  into  the  mouth  were  not  lil>erate<l, 
the  fe<»,ding  instinct  becoming  pammount  to  the  parental  instinct.  After  all  the  fr}- 
which  had  b(»en  left  with  their  parents  had  disapi>eared — in  al>out  <>  weeks  after 
hatching  -  18  fry  from  the  trough  wt^e  placed  in  the  iMiuarium  one  evening,  and  only 
2  of  these  had  survived  on  the  following  morning. 

i>uring  the  entire  period  covered  by  these  observations  liver  and  beef  were  fed 
regularly  to  th<»-  brood  fish<»s,  and  at  no  time  did  their  appetites  fail.  There  was 
ai)j)arently  no  int(»rferenc(^  wMth  deglutition,  or  closure  of  the  (esophagus,  such  as 
has  be(»n  obs(»rv<*d  in  some  other  cat-fishes,  as  half-inch  cubes  of  meat  were  readily 
ingested  during  the  entire*,  time  the  fish  were  under  ol)servation. 

Krfrrnaf  Ht',rual  clnmuirrH  />/*</y/////.v.— Besides  the  fullness  of  abdomen  which  the 
mass  of  eggs  gives  to  the  fenuile,  there  wiis  in  lK)th  ])airs  of  fish  under  consideration 
another  external  feature  by  which  the  sexes  could  be  distinguished.  This  was  the 
shajM^  of  the  snout  and  interorbital  region,  which  in  the  males  were  noticeably  fiatter 
and  broader  than  in  the  f(»mal(\s.  The  males  in  both  these  eases  w^ere  about  12  inches 
long  and  were  an  inch  longer  than  their  partners. 
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By    A..    K.    13H:A.RD?^I^EV, 

PmfessDr  of  /iioiotj^w  CoioraJo  S/a/r  \orfnaf  St'hool. 
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THE  DESTRUCTION  OF  TROUT  FRY  BY  HY1)R.A. 


By  A.   K.  BEARDSLEY. 
Professor  of  l)iolof^y\  Colorado  State  Norma!  School. 


The  following  observations  were  made  during  an  investigation  at  the  United 
States  Fish  Commission  hatchery,  Leadville,  Colo.,  in  August,  11H)2.  On  August  4, 
some  eggs  of  the  black-spotted  trout  in  a  numlx^r  of  the  hatching- troughs  were  just 
hatching,  while  in  others  the  young  tish  were  several  days  old.  Eiich  trough  was 
separated  by  screens  into  three  divisions.  The  first  division — that  into  which  the 
water  enters  from  the  supply  pipes — contained  no  i^)^^i>^  these  having  all  been  removed 
several  days  before  on  account  of  the  great  mortality  of  the  young  fishes  hatched  in 
this  division  of  the  troughs.  In  the  second,  or  middle,  division,  the  newly  hatched 
fry  were  dying  in  ^considerable  numJ)ers,  some  Jicfore  leaving  the  ^^y[,  trays.  In  the 
third  division  of  these  troughs,  as  well  as  in  the  troughs  not  directly  fed  from  the 
supply  pii)es,  the  death  rate  was  merely  nominal. 

These  facts  clearly'  indicated  that  the  aiuse  of  the  mortality  was  directly  connected 
with  the  water  supply,  which  was  found  to  l>e  derived  chieHy  from  two  sources. 
The  main  supply  pipes  were  feil  from  Kock  Creek,  and  an  auxiliary  set  of  pipes  led 
from  a  spring  near  the  hatchery.  Connectetl  witli  the  main  pipes  wjis  a  branch 
leading  from  the  third  or  lowest  of  the  Evergreen  lakes.  Tliis  was  closed  at  the 
time,  only  a  small  (juantity  of  water  coming  through  leaks  around  the  gate  at  the 
head  of  the  pi|)e. 

The  water  from  the  main  piix\s  wits  clear,  containing  very  little  si»diment,  and  with 
a  temi>erature  of  48^  F.;  that  from  the  spring  was  very  clear  and  pure,  without 
sedmient,  its  temj^erature  l>eing  43  F.  There  was  very  little  sediment  in  the 
hatching- troughs.  In  this,  however,  microscopical  examination  disclosed  the  pres- 
ence of  great  numbers  of  a  very  trans|xirent  hydra,  which  had  been  discovered  by 
the  attendants  at  the  hatcherv  a  few  davs  l>efore,  when  the  sun's  ravs,  just  l>i»fore 
sunset,  had  fallen  oblicjuely  into  one  of  the  troughs.  In  the  dim  light  of  the 
hatchery  this  hydra  was  (juite  invisible,  but  by  placing  a  large  mirror  outside  of 
the  building  so  as  to  throw  a  l>eam  of  sunlight  through  the  window,  with  a  hand 
mirror  reHecting  this  l>eam  so  as  to  throw  it  into  the  trough,  the  hydras  could  }>e 
plainly  seen  as  slender,  whitish  threads,  1  to  2  centimeters  in  length  and  o.l5  to  o.30 
millimeter  in  diameter,  fixed  l)y  one  end  to  the  ])ottom  or  to  the  side  of  the  trough, 
and  bearing  a  crown  of  5  or  G  long  tentacles  around  the  mouth  at  the  free  end.     The 
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hydi'as  were  found  quite  equally  distributed  through  the  first  division  of  all  troughs 
supplied  directly  from  the  main  pi^ws.  A  careful  count  of  the  number  on  several 
square  inches  in  different  troughs  gave  an  average  of  131  hydras  per  square  inch 
(20+  per  square  centimeter).  Comparp-tively  few  were  found  in  the  middle  division 
of  the  troughs,  most  of  them  having  fixed  themselves  before  reaching  the  first  screen. 
Very  little  animal  life  other  than  hydra  was  found  in  the  sediment  of  the  troughs. 

Since  no  other  cause  for  the  mortality  of  the  young  fishes  could  be  discovered, 
and  as  the  hydi'as  were  exceedingly  abundant  and  are  well  known  to  be  armed  with 
great  numbers  of  dart  cells  or  nettling  cells  which  secrete  a  fluid  that  quickly  causes 
paralysis  in  small  crustaceans  and  other  minute  forms  of  animal  life,  it  appeared 
that  the  injury  was  probably  due  to  the  hydi-as.  In  so  far  as  the  writer  is  aware,  no 
injury  to  fishes  by  hydra  has  heretofore  been  known.  The  following  ex{)eriment 
was  therefore  instituted  to  determine  what  injury,  if  any,  was  to  be  attributed  to 
this  cause: 

Five  iKMikers,  each  of  250  cubic  centimeters  capacity,  were  filled  with  water  from 
the  supply  pijies;  in  each  of  the  first  four  of  these  was  placed  the  sediment  from  21 
s(iuare  centimeters  of  the  l)ottom  of  the  first  division  of  one  of  the  hatching-troughs, 
containing  about  430  hydnis;  the  fifth  beaker  was  intended  as  a  control,  and  contained 
water  only.  Five  trout  newly  hatched  and  apparently  in  good  health  were  taken 
from  the  hatching- trays  and  placed  in  each  beaker.  Nos.  1  and  2  were  filled  with 
water  from  the  spring  and  were  placed  in  running  water,  so  that  the  tempemture  was 
nearly  constant;  Nos.  3, 4,  and  5  were  filled  from  the  main  supply  pij)es.  No.  4  having 
})een  kept  over  night  in  the  office,  and  all  three  were  set  on  a  shelf  in  the  hatching- 
room.  At  the  end  of  the  exi)eriment,  Nos.  1  and  2  were  at  nearly  the  siune  tem- 
perature as  at  the  beginning,  while  Nos.  3,  4,  and  5  had  acquired  the  temperature  of 
the  hat4?hing-room. 

The  following  table  shows  the  result  of  this  exi)erimcnt: 


Tfmpemtiiro  at  )M>KinninK  «>f  exiHTi- 
nieiit. 

Hour  o(  bi'ifinnliiK 

Kesult  at  U.  I')  a.  in 


13^  F. 


9.i:<  n.  m 
1  <l*'a<l . . 


U)  a.  Ill 4  (load 

IO.ir>  a.  in !  4  dead 

10.:iU  a.  Ill Ti  dead 

TemiH'niture  at  end  of  exiK-Tiiiient..  44°  F.. 


•2. 


43°  F. 


9.ir)a.ni 
1  dead  . . 
1  deiul . . 
4  dead  . . 
r>  detid . . 
44^  F.... 


3. 


4. 


I 


4H°F 1  5H°F. 


9.20  a.  m g.tKrt.m 

2  nearly  dead.'  3  dead". 

3  dead '  4  <ieiMl . . 

4  tlea«! 4  dead  . . 


h  deafJ . . 


de^id 


WV .V)OF. 


ft. 


48°  F. 

9.23  a.  m. 
odead. 
0  dead. 
0  dead. 
0  dead. 
5ft°F. 


'•One  of  tliese  had  burnt  the  yolk-sae  in  its  Ntruj;gh*s. 


In  this  experiment  25  per  cent  of  the  trout  were  killed  by  hydms  in  less  than  30 
minutes,  (JO  per  cent  in  45  minutes,  80  per  cent  in  60  minutes,  and  KM)  per  cent  in  75 
minutes;  those  trout  which  were  least  active  in  the  beginning  of  the  experiment  were 
the  on(»s  that  survived  longest,  probably  because  they  came  in  contact  with  a  smaller 
number  of  stinging  cells  of  the  hydra.  With  the  aid  of  a  lens,  the  hydras  could  be 
seen  with  their  mouths  closely  api)lied  to  the  surface  of  the  fish,  particularly  on  the 
yolk-sac!;  in  some  cuses  more  than  a  dozen  hydras  were  seen  attached  to  a  single  lish. 
Soon  after  the  fishes  were  placed  in  the  beakers  most  of  them  were  seen  to  struggle 
violently,  one  of  them  bursting  its  3'olk-sac  in  its  struggles  and  dying  unmediately; 
these  struggles  recurred  at  intervals,  but  with  diminishing  intensity,  until  death 
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supervened.     The  tive  trout  in  the  l)eaker  without  hydra**  were  kept  in  the  })eaker 
until  the  next  day  and  were  then  found  to  he  all  alive  and  in  good  health. 

No  other  cause  of  injury  havincr  hoen  dij>covered  after  the  most  careful  search, 
the  destructive  effects  of  the  hydras  n\yon  the  fishes  in  the  foregoinj^  ex[x»rirnent  were 
taken  as  conclusive  evidence  that  these  were  the  cause  of  the  unusual  mortalitv  of  the 
trout  f rj\  This  fact  being  demonstrated,  a  t.-areful  examination  of  all  the  sources  of 
water  supply  to  the  hatchery  was  made.  The  lower  of  the  three  lakes  was  first 
visited.  This  lake  is  quite  shallow,  l)eing  al)out  12  feet  (4  meters)  in  depth  in  the 
deepest  part;  along  the  lK)rders  there  is  considemhle  aquatic  vegetation,  consisting 
of  sedges  and  cat-tails;  here  the  hydnis  were  found  in  immense  numl)ers,  clinging  to 
the  submerged  stems  and  leaves  as  well  as  to  the  green  filamentous  alga  which  was 
growing  abundantl v  on  the  bowlders  which  are  scattered  over  the  l)ottom.  The  other 
lakes,  and  Rock  Creek  for  a  distance  of  alK)ut  half  a  mile  alK>ve  the  head  of  the  supply 
pipe,  as  well  as  the  spring,  were  examined  in  turn,  but  although  very  careful  search 
was  made,  no  hvdras  were  found  in  either  of  these  waters. 

The  temj^erature  of  the  water  in  each  of  the  three  lakes  at  I  foot  bi>low  the 
.surface  was  taken  August  S,  al)out  2  p.  m.,  and  was  found  to  Ik*  as  follows:  Upper 
Evergreen  Lake,  00-  F.;  Middle  Evergreen  Lake,  (M  ;  Lower  Evergreen  Lake,  05^. 

The  leaks  alK>ut  the  head  of  the  pipe  leading  from  the  lower  lake  were  immediately 
stopped  and  no  water  from  the  lake  is  now  entering  the  hatcher}'. 

The  natuml  causes  which  control  the  development  of  the  different  sj)eciesof  hydm, 
favoring  or  retarding  it,  are  as  3^et  but  little  understood.  At  one  period  hydras  may 
\ie  very  abundant  at  a  given  point,  and  soon  afterwards  entirely  disa[)ix?ar  without  any 
apparent  cause.  They  have  l>een  found  in  the  vicinity  of  Greeley,  Colo.,  during  all 
months  of  the  vear,  sometimes  in  great  abundance;  sometimes,  however,  a  whole  vear 
has  pmssed  without  a  single  one  l>eing  seen,  although  searched  for  most  diligently. 
They  oci'ur  in  lakes,  jwuds,  and  marshes,  usually  in  clear  water.  Warm  water  (tJU" 
to  SO  F.)  a[)pears  to  favor  their  nipid  multiplication,  since  they  are  usually  most 
abundant  in  summer  and  early  autunm;  cold  water  does  not  apparently  injure  them, 
however,  as  the  writer  has  freciuently  taken  vigorous  individuals  in  the  winter, 
through  holes  in  the  ice.  llydnis  reproduce  at  certain  times  by  i'g^i^,  which  f>(»ttle 
to  the  lK)ttom  and  proba]»ly  remain  dormant  through  the  winter,  but  the  usual  and 
most  rapid  mode  of  nuiltiplication  is  by  budding.  Little  buds  arise  from  the  side  of 
the  parent,  soon  ac<|uire  a  mouth  and  tentacles  like  the*  parent,  and  after  a  time  break 
loose  and  lead  an  indejx^ndent  existence.  In  the  lake  most  of  the  hydnis  examined 
were  bearing  from  two  to  six  buds,  showing  that  the  conditions  there  were  favorable 
to  their  rapid  nudtiplication.  In  the  hatchery  troughs,  on  the  contnirv,  very  few 
were  found  bearing  buds;  and  these  were  probably  recent  arrivals.  The  conditions 
within  the  hatchery  do  not,  therefore,  appear  favorable  for  their  increase,  and  it 
only  remains  to  rid  the  troughs  of  them  in  the  most  practica])le  manner. 

As  the  hydra  is  very  tenacious  of  life  and  may  even  be  cut  into  several  pieces 
without  serious  injury,  each  piece  developing  the  lost  parts  and  iK'coming,  in  a  few 
days,  a  complete  hydra,  it  is  not  probable  that  it  can  be  destroyiHl  in  the  troughs 
without  injury  to  the  fish  i-'^^f>  or  young  fry.  By  removing  all  Q^i^g^  and  fry,  briskly 
scrubbing  the  lK)ttom  and  sides  of  the  trough  with  a  stiff  brush  so  as  to  cause  the 
hydi*as  to  loosen  their  hold,  then  <|uickly  tiushing  the  trough  into  the  waste-pipe, 
luost  of  them  can  l>e  removed. 
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Wiien  the  lower  diviHions  of  the  trough  contain  hatching  eggs  and  fry  that  can 
not  readily  be  removed  witiiout  injury,  the  first  or  upper  division  (in  which  nearly 
all  the  hydniH  will  have  fixed  themselves)  may  be  cleaned  by  shutting  otf  the  supply 
pipes,  placing  a  t<»mporary  partition  between  the  upper  and  lower  divisions,  and, 
after  a  brisk  scrubbing,  (|uickly  siphoning  otf  the  water  and  floating  hydras  from  the 
upper  division  of  the  trough. 

As  the  water  now  entering  the  hatcheiy  is  taken  from  liock  Creek  and  from  tlu^ 
spring,  both  of  which  are  free  from  hydnis,  it  is  proljable  that  loss  from  this  <'ause 
will  cease  as  soon  as  all  the  h^^dras  now  in  the  hatching  troughs  and  supply  piixjs  can 
be  removed. 

It  was  imj)ossible  to  find  charactei's  other  than  those  of  color  and  size  by  which 
to  differentiate  this  hydra  sp(»cifically  from  the  well-known  //.  fnxca  Linnanis.  It 
differs  from  that  common  form  only  in  ])eing  of  larger  size  and  in  the  entire  absence 
of  coloration.  Among  the  large  number  of  individuals  observed,  l)oth  in  the  troughs 
of  the  hatchery  and  at  the  lake,  not  one  showed  a  tnice  of  fuscous  coloration.  These 
differences  appi^ar  to  be  constant,  and  I  pro^iose  the  minni  jxd/ u/a  for  the  new  species, 
in  allusion  to  it^^  lack  of  color.     It  mav  1^  descrilxid  as  follows: 

Hydra  pallida  BeardHley,  new  Hjtei'ieH. 

CfuirdctfTit. — Bfxly  cylindrical,  1  to  2  cm.  in  length  and  .15to.8<)inni.  in  diameter;  tentacleH  5  or  li, 
when  fully  extended  two  or  three  tinu^a  as  long  atj  the  Unly;  color,  milk-whit<;  in  reflected  light, 
whitihili  and  tran^ilncent  in  trannmitttHl  light. 

Differs  from  ty])ical  ILidm  fu^a  in  Ix'ing  nomewhat  larger  in  average  size  and  in  the  entire  alwence 
of  fuscous  coloration. 

Tijpe  locality. — United  States  fish-cultural  station,  Lei4<lville,  Colorado. 
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DESCRIPTIONS  OF  NEW  GENERA  AND  SPECIES  OF  VISHES  FROM  THE 

HAWAIIAN  ISLANDS. 


By  DAVID  STARR  JORDAN  and  BARTON  WARRKN  EVERMANN. 


During  the  investigations  of  the  aquatic  resources  of  the  Hawaiian  Islands  carried 
on  by  ua  in  1901  under  the  direction  of  the  Hon.  George  M.  Bowers,  United  States 
Commissioner  of  Fish  and  Fisheries,  very  large  collections  of  the  fishes  and  other 
animals  occurring  in  the  waters  of  those  islands  were  made. 

A  detailed  report,  covering  the  entire  aquatic  fauna  of  that  group  of  islands,  is 
now  in  preparation,  which,  it  is  hoped,  will  be  ready  for  t -ublication  wuthin  the  year. 

Among  the  fishes  collected  are  man\'  species  which  appear  to  be  new.  Descrip- 
tions of  57  of  these  are  given  in  the  present  paper.  Illustrations  of  these  new 
species,  together  with  more  extended  notes  regarding  their  abundance,  distribution, 
habits,  and  commercial  value,  will  be  given  in  the  general  report  to  follow. 

The  types  of  all  the  new  species  have  been  deposited  in  the  United  States  National 
Museum,  and,  when  possible,  one  or  more  cotypes  have  been  donated  io  each  of  the 
following  museums  and  institutions:  Museum  of  Leland  Stanford  Junior  University 
(L.  S.  Jr.  Univ.  Mus.),  U.  S.  National  Museum  (U.  S.  N.  M.),  Reserve  series  of  the 
U.  S.  Fish  Commission  (U.  S.  F.  C),  Museum  of  Comparative  Zoology  at  Cambridge, 
Mass.  (M.  C.  Z.),  American  Museum  of  Natural  History,  New  York  City  (Am.  Mus. 
Nat.  Hist.),  Academy  of  Natural  Sciences  of  Philadelphia  (Ac.  Nat.  Sii.  Phila.), 
University  of  Indiana  (Mus.  Ind.  Univ.),  Field  Columbian  Maseum,  Chicago  (Field 
Col.  Mus.),  California  Academy  of  Sciences,  San  Francisco  (Cal.  Ac.  Sci.),  and  the 
Bernice  Pauahi  Bishop  Museum  at  Honolulu  (Bishop  Mus.).  When  possible,  we  have 
given  in  this  paper  the  nimibers  which  the  types  and  cotyix\sbear  on  the  records  of 
the  various  museums  to  which  they  have  been  assigned. 

The  majority  of  specimens  here  described  were  obtained  by  us  in  the  market  or 
directlv  from  the  fishermen  at  Honolulu,  Oahu  Island.  Others  were  obtained  in  the 
market  or  from  the  fishermen  at  Hilo,  island  of  Hawaii;  others  at  Kailiia,  island 
of  Hawaii;  others  on  the  reef  at  Waikiki,  near  Honolulu,  and  one  at  Heeia,  Oahu 
Island. 

Family  CARCHARIID.^.     The  Sand  Sharks. 
1.  Carcharias  phorcys  Jonlan  <fc  Kveriiiaim,  lU'w  Hjjecies. 

Head  4.S  in  len^rth;  depth  ti.o;  witltli  of  heail  1.75  in  it.**  lenjrth;  depth  of  head  1.8;  pnont  a))oat 
2.2  in  head;  intemrbital  pj>aee  2.2;  sjuioe  l>et\veen  tip  of  nnoiit  an<l  front  of  numtli  2.5;  width  of 
mouth  2.5;  eye  H  in  interorbital  Pi>aet^;  intemasal  si)aee  l.S;  leaist  depth  of  caudal  j>eduncle  a  little 
over  4.S;  eaudal  o.5  in  IkkIv;  pei-toral  5.75. 

Bo<ly  elongate,  rather  robuM,  tlie  tail  comprestse^l;  h(»ad  elongate,  gomewhat  narn)w  and 
depressed;  snout  long  and  narrowly  pointe<l  when  viewed  above,  the  tip  rounded;  eyes  small,  their 
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poHterior  inaivins  about  mid  way  In^tween  tip  of  Huout  and  tir»t  j?ill-<ii>eninj^;  nicrtitatiii}?  iiit^inbrane 
well  developtHl;  mimth  large,  very  convex,  the  antt»rior  margin  of  mandible  U'low  fnuit  rim  of  orl)it; 
teeth  in  upper  jaw  narrow,  with  broad  baseH,  compreHHe<l,  serrate,  not  notche<l,  an«l  with  4  or  5  InuuI 
cuBps  behind;  tCHith  in  mandible  rather  long,  |H)inte<l,  an<l  not  serrate,  the  e<lgea  nmooth;  nontrils 
without  flaj»,  inferior,  and  nejin»r  eye  than  tip  of  nnout;  interorbital  npaee  broa«l  and  convex,  the 
u[>per  profile  of  the  heail  rihting  gradually  in  a  nearly  Htraight  line  to  back  of  he^;  gill-openingn  of 
miwlerate  length,  the  [K)tft<?rior  over  the  Uwt.^  of  the  ix'ctoral;  [)eritonemn  white  or  pale;  bo<ly  very 
finely  roughene<l  when  8troke<l  forwanl;  height  of  lirnt  dorsal  lens  than  dei)th  of  IkkIv,  its  origin  a 
little  nearer  tip  of  Hnout  than  r)rigin  of  second  dorsal;  origin  of  second  dorssd  nearer  origin  of  first 
dorsal  than  tip  of  caudal,  the  fin  small  and  alxjut  over  the  anal  so  that  the  origins  of  the  two  fins  are 
opposite;  caudal  long,  with  a  notvh  at  it«  tip,  det^p,  the  lower  1o1h.>  2.25  in  the  length  of  the  fin; 
pectoral  with  margin  of  fin  slightly  concave;  ventrals  small,  their  origins  a  little  nearer  l>ase  of  lower 
caudal  lolie  than  origin  of  jiectoral;  bac^k  convexly  ridgeil,  broader  Ixjtween  the  dorsals;  base  of  caudal 
with  a  pit  alH>ve  and  l)elow. 

Color  in  alcohol,  jmle  brown,  the  lower  ]>arts  ]>ale  or  whitish  with  a  bn>wn  streak  the  color  <»f  the 
back  along  side  from  gill-oi>ening  to  origin  of  ventral;  tijw  of  dorsals,  tnlge  of  caudal,  and  tii>  of  [hh*- 
toral  blackish. 

This  descTiption  is  basinl  U])on  the  typi^,  No.  50til2,  V.  S.  N.  M.  (field  N<».  03747),  a  sjKH'imen  27.5 
inches  long,  obtained  by  us  at  Honolulu.  The  collwtion  contains  4  other  exanii>U»s,  all  from  Hono- 
lulu, which  we  take  as  cotypt»s.  They  are:  No.  12715,  L.  8.  Jr.  Univ.  Mus.  (field  No.  03745);  N(». 
12715,  L.  S.  Jr.  Univ.  Miu.  (field  No.  0;J74<5);  No.  — ,  M.  C.  Z.  (field  No.  0:}748);  and  No.  1(W5,  Bishop 
Mus.  (fiehl  No.  03749). 

We  have  examined  2  other  si»ecimens,  each  alxMit  29  inches  long,  obtained  l)y  Dr.  Jenkins  in  1889, 
and  one  fuitus  obtained  by  us  at  Honolulu. 

Family  OPHICHTHYH)J{.     The  Snake  Eels. 
2.  Microdonophis  fowleri  Jonlaii  Sc  Kvermaiin,  new  si»ecieH. 

Hea<l  alKUit  5  in  trunk  measuri^l  from  lip  of  snout  to  vent;  tail  shorter  than  head  an<l  tnmk  by 
the  length  of  the  former;  eye  nearly  l.fi  in  snout  or  1.5  in  interorbital  sjuice;  snout  <>  in  head;  inter- 
orbital space  aUmt  ().75;  mouth  2.75;  ])ect<»ral  a  little  over  4.25  in  head. 

Body  elongiUe,  cylindrical,  the  tiiil  ta]>ering  gnwlually  t«>  a  conical  horny  inmit;  head  <'ylindrii-al 
and  iwinted;  snout  moderately  long  and  jKjinU'<l,  slightly  fiattentMl  aUive,  j>roji?i!tiiig  over  and  In'ytmd 
the  mandible;  eye  elongate,  small,  anterior  and  su[HTior,  alnnit  midway  in  length  of  mouth;  mouth 
lather  large;  lips  somewhat  fringinl;  teeth  large  and  cjinini'-like  in  front  of  jaws,  and  on  vomer  in  a 
single  row;  tongue  small,  adnate  to  floor  of  mouth;  anterior  nostrils  in  short  tuln'S  near  tij>  of  snout, 
the  iK)sterior  with  broad  flaj)S  on  the  lij>s  and  o]H'ning  downward;  interorlntal  sjmce  concave,  eaeh 
su))nu>cular  ri«lge  slightly  elevati^l;  ()eritoneum  silvery;  skin  iH.Tfectly  smooth;  liinKl  with  muoms 
pores,  a siiries  of  which  encircle  hea<l  al>ove an<l  alxMit  midway  in  it*!  length;  lateral  line  well  develoiKnl, 
pores  alxjut  140;  origin  of  dorsal  slightly  in  advance  of  gill-ojH.Miing  or  base  of  jH.H:toral;  inrtonil  small, 
the  rays  just  alwve  the  middle  the  longi'st,  fin  roundt^l;  <lorsal  fin  long  and  low,  iti;  height  alHiut  ^Mpial 
to  length  of  snout;  anal  similar  to  <lor8al,  its  height  a  trifle  less. 

General  color,  when  fresh,  white,  renden»d  somewhat  sIuuUmI  on  upjK'r  jmrtioiis  by  very  minuU'. 
ix>ints  (seen  only  with  a  giKxl  lens)  of  gray;  biick  an<l  up|)er  surface  with  numerous  round  brown  s{>ot£ 
and  alx)ut  17  indistinct  transverse  dark  brown  crossbands  which  do  not  extend  over  tlie  dorsal;  the 
interspaces  In'tween  the  spotw  on  the  head  yellow,  the  i>ectoral  bright  lemon  yellow;  t»nd  of  tail  for 
about  1  inch  from  point  bright  yellow;  sj>ots  on  margin  of  dorsal  brown,  with  yelh>w  iMinlers;  a  ImukI 
of  yellow  runs  from  under  one  eye  backwanl,  upward,  across  the  top  of  hea<l,  and  down  under  the 
other  eye;  the  transverse  series  of  pori^s  which  encin;les  the  hc^d  aboveand  alnuit  midway  in  its  length, 
with  bla(^k  margins,  and  also  a  similar  series  over  hea<l  along  tlit^  margin  of  mouth,  and  then  uj>,  Iwick 
of  eye,  over  head;  jK>res  of  lateral  line  without  black  margins. 

This  spt.tcii^  is  l)ased  U{M>n  a  single  siK'cunen,  the  tyiH',  No.  50<)13,  V.  S.  N.  M.  (field  No.  013431), 
ar  example  23  mchea  long  obtained  by  us  in  the  market  at  Honolulu,  July  21. 
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Family  MUR^XID.^.     The  Morays. 
3.  Mursena  kailuse  Joniaii  &  Kvennann,  now  gpeck'S. 

Head  7  in  total  lenjrth;  deptli  11.5;  eye  14  in  heatl;  snout  t>;  interorhital  12;  gape  2.75. 

Body  short,  stont,  anil  nuMlerately  conipresstnl;  <lii*tance  fn)in  tip  of  snout  to  vent  le«H  than  that  from 
vent  to  tip  of  tail  l»y  a  distance  e<jual  U\  two-thinls  length  of  head;  hea<l  very  small  an<l  jK)inted;  snout 
long,  qua<lrate,  the  jaws  (Hpial,  the  lower  i'urve<l  w>  that  the  mouth  doi-s  not  completely  cloee;  lips 
thin,  the  teeth  showing;  each  side  of  upf>er  jaw  with  a  single  series  of  unetjual,  sharpish  canine-like 
teeth,  inside  <>f  which  is  a  single  deprt»ssihle  fang-like  tor>th  near  middle  of  side;  front  of  median  line 
with  2  long,  sharp,  fang-like,  tlepn*s.sihle  teeth;  shaft  of  vomer  with  a  single  series  of  short,  movable 
teeth;  each  side  of  lower  jaw  with  a  single  series  of  uniHpial,  sharp  canines,  those  in  front  largest;  eye 
small,  midway  lK*tween  angle  of  mouth  and  tij»  of  snout;  anterior  nostrils  each  in  a  i>ointe<l  filament 
whoee  length  is  alM>ut  half  that  of  eye,  situate<l  at  tip  of  snout  just  alnive  lip;  posterior  nostrils  each 
with  a  long  filament,  t»<|ual  to  snout  in  length,  and  situates!  just  al>ove  anterior  e<ljri*  of  eye;  inter- 
orhital space  very  narrow  and  flat;  gill-oi>ening  small,  nearly  circular;  dorsal  fm  very  low  anteriorly, 
increasing  mu<-h  in  height  on  tail;  anal  low. 

(tround  color  in  life,  dark  brown,  with  fine  yellt)W  an<l  blackish  spots  and  reticulating  lini'S,  the 
yellow  prtnlominating  on  anterior  part  of  IkmIv;  end  of  tail  dark  purplish  brown;  c<lge  of  dornal  and 
anal  dull  <lark  re<l,  with  short  pale  Iwrnls  lK>nlere<l  with  tlarker  and  with  small  jwile  sp<:»t8  interspersed; 
ground  color  of  cheek  and  throat  yellow,  with  \^\q  sjM»t^  l>onlere<l  with  black;  jaw  orange  re<l,  with 
pale  black -tHlgrtnl  bars;  tii>s  of  jaws  bright  coral  re<l;  tij>s  f>f  nostril  rdarai»nt«  bright  re<l. 

Color  in  alcohol,  Iw^ly  with  a  ground  color  of  light  irrayish  brown,  marki><l  with  fine  whitish  lines 
or  specks,  and  j>rofusely  covereil  with  numerous  small,  round,  white  si>ot>*,  each  o<*ellattHl  with  black; 
among  these  are  s<'attere<l  larger  black  spots  and  blotches;  white  spots  smallest  on  back  and  largest  on 
belly,  where  some  areas  large  us  eye;  a  broad,  dark  brown  bar  over  najie,  extending  on  side  to  level  of 
eye;  top  of  head  and  snout  with  fine  white  si>ots;  side  of  snout  with  a  well-<lefine<l  vertical  white  bar 
about  midway  between  eye  an<l  tip;  a  short  white  line  downwanl  to  mouth  from  front  of  eye,  an<l  a 
similar  longer  one  downwanl  and  backward  fnim  j>osterior  lower  angle  of  eye;  lower  jaw  croese*!  by 
'.i  V-shaf»e<l  white  luirs  oiK'uing  forwanl  and  lK)nlere<l  by  darker;  tip  of  jaw  with  2  oblicjue  white  Ixirs 
separate<l  by  a  narmw  brown  Hue;  hist  V-shape<l  white  l>ar  extending  acros?  angle  of  mouth  and  fonu- 
inga  large  white  area  at  ba*se  of  upjK^r  jaw,  In-hintl  whirh  the  angle  of  the  mouth  is  dark  brown;  inside 
of  mouth  mottknl  brown  and  white;  na.s;d  tilaments  mottltHl  with  brown  and  white;  throat  light  bn>wn, 
with  large  white  sfM)ts,  souh*  of  whirh  unitt*  to  f(»riii  ol»long  s[M»ts  <»r  lines;  gill-o|>ening  not  surroun<led 
by  dark;  anal  fin  dark  brown,  «ross<'«l  l>y  alniut  'JS  short  white  l>ars;  i)ost(*rior  jjortion  of  tail  cn:>sse<l 
by  al>out  12  distinct  but  somewhat  irntriilar  vtTticjil  white  bars,  whirh  extend  u|M)n  tlorsal  and  anal 
fins;  tip  of  tail  bn)wnish  black,  with  1  <»r  2  whitish  s|K*tks.     Only  one  sj>ecimen  known. 

Ty[H%  Xt».  .VH)14,  r.  S.  N.  .M.  (tield  No.  <K>701»),  a  si)ecimen  V.)  inches  long,  obtaine*!  .August  9, 
1901,  by  Messrs.  <  roMsljorough  and  Sindo  at  Raihia,  Hawaii. 

4.  Gymnothorax  vinolentus  Jon  Ian  i"fe  Kvermann,  new  sp<H'ies. 

Head  7.2  in  total  length,  .'>.<>  in  di.*Jtan<*e  froui  tip  c»f  snout  to  vent;  depth  14.5  in  total  length;  eye 
14  in  hi'ail;  snout  (J.4;  gai>e  2;  interorbital  sji;  vent  a  little  nt»arer  tip  of  snout  than  tip  of  tail. 

Iknly  hmtr.  but  stout  autl  not  gn»atly  comi»n»sse<l;  tail  m<Mlenitely  stout  and  compre«»ed;  head 
much  swollen  al>ove;  snout  long  and  slender,  the  anterior  profile  iu*<*ending  somewhat  al>nii»tly  fn»m 
inten^rbital  n^ion;  mouth  large,  extending  U'vond  eye  a  distance  e<|ual  to  eye  and  snout;  lower  jaw 
pn^jei-ting.  strongly  curve<l,so  that  the  mouth  dtn»s  not  comi>l<'tely  close;  eye  small,  over  anterior  half 
of  gai>e;  interorbital  narrow,  alM»ut  half  greater  than  diameter  of  orbit;  anterior  nostril  in  a  tul)e  whoee 
length  is  l.iJ  times  eyt\  situat<*<l  near  tip  of  snout;  j>osterior  nostril  slightly  anterior  to  vertical  at  front 
n{  orbit,  oval,  surrounded  by  a  narrow,  raise<l,  Hatteneil  flap  whosi.'  diiuneter  is  twt>-thirds  that  of 
orbit;  lips  rather  thin,  not  roveriui:  the  teeth;  gillH>iH»ning  small,  its  length  U*ss  than  diameter  of 
orbit.  Teeth  in  a  single  s<'rii's  on  ea<*h  side  of  upfH'r  jaw,  the  jM^sterior  ones  short,  sharp,  and  close- 
set;  the  anterior  ones,  al>out  12  in  numU'r,  slender,  sharp  canines  of  une<|ual  length;  inside  of  tht»se  is 
a  series  of  5  or  fJ  long,  slender,  depre.*^ible  canines;  meilian  line  «»f  nM>f  of  mouth  with  2  long,  sharp, 
depressible  canines  in  fnmt,  and  a  thinl  somewhat  farther  Iwck;  vomer  with  a  single  seriea*  of  short, 
blunt  t<.*eth;  lower  jaw  with  a  single  series  of  rather  close-set,  short,  backwanlly  directe<l  canines, 
somewhat  ct)mpresse<l,  inside  of  which  ant«*riorly  are  3  or  4  much  longer  depressible  <!anines  on  each 
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side.  Origin  of  doriaal  midway  l)etween  gill-opening  and  angle  of  mouth;  height  of  dorsal  2  in 
distance  from  tip  of  Hnout  to  jwsterior  e<lge  of  orbit;  anal  much  lower  than  dorsjal. 

Color  in  alcohol,  rich  purplish  brown  or  wine-color,  almost  uniform  over  entire  IhmIv  and  hea<l; 
side  of  head  with  about  7  shallow  longitudinal  grooves  which  are  darker- than  ground -I'olor;  im<lc»r  nide 
of  lower  jaw  yellowish  white,  blotched  with  brown;  throat  blotcheil  with  yellowish  white  and  ]>rown; 
gill-opening  rather  paler  than  surrounding  parts;  iKxly  everywhere  witli  numerous,  l)ut  very  (»bst'ure, 
dark  points,  posteriorly  with  numerous  narrow  vertical  dark  lines  api>earing  as  shallow  gnnives  in  the 
skin;  dorsal  and  anal  fins  uniform  dark  brown,  not  white-edged;  tip  of  tail  not  white. 

The  only  specimen  of  this  si>ecies  which  we  have  is  the  tyjK*,  No.  5()H1.>,  V.  S.  N.  M.  ( Held 
No.  03726),  2t)  inches  long,  obtained  by  Messrs.  Croldsborough  and  Sindo,  at  Kailua,   Hawaii. 

5.  Oymnotliorax  steindachneri  Jordan  <.^  Kvennann,  new  sperics. 

Head  7.3  in  length;  dej)th  9.5;  eye  9.5  in  head;  snout  5;  interorbital  7.2;  gape  2;  tlistance  from 
from  tip  of  snout  to  vent  U'ss  than  distance  from  vent  to  ti^)  of  tail  by  more  than  half  K'ngth  of  heail. 

Body  moderately  long  an<l  slender,  much  comi)resseil;  head  small;  snout  small  and  jK»inte<l,  the 
anterior  dorsal  profile  concave  alwve  the  eyw;  the  nape  and  sides  of  hea«l  mu<'h  swollen;  gai>e  long, 
extending  far  behind  eye;  lower  jaw  shorter  than  the  upi)er,  curve<l  so  that  the  mouth  d<K^  not  tjuite 
completely  close;  lips  moderately  thick,  entirely  covering  the  teeth  in  the  close<l  mouth;  eye  small, 
about  midway  between  tip  of  snout  and  angle  of  mouth;  teeth  on  sides  of  upi)er  jaw  in  a  single  series, 
rather  close-set,  short,  compressed,  triangular  canines,  thost*  in  front  s<'arcely  enlarginl;  vomer  with  a 
single  row  of  bluntly  rounde<l  teeth;  each  side  of  lower  jaw  with  a  single  series  of  rather  strong,  back- 
wardly  directed  canines,  the  anterior  ones  somewliat  enlarge<l,  tliose  on  tij)  of  jaw  movable;  anterior 
nostril  in  a  long  tube,  its  length  about  half  diameter  of  eye,  situated  near  tip  of  snout  just  al)ove  lip; 
])08terior  nostril  without  tulK",  just  al)ove  anterior  edge  of  eye;  i>ores  on  sitles  of  jaws  inconsi>icuous. 
Origin  of  dorsal  fin  al)Out  midway  l>etween  gill-opening  and  angle  of  mouth,  its  height  alniut  (Mpial  to 
length  of  snout;  anal  similar  to  soft  dorsal,  but  much  lower;  tail  moderately  slender  and  pointe<l;  asi^ries 
of  inconspicuous  ]K>res  along  middle  of  side;  gill-oj>ening  a  long  oval  slit  ex<*iHMling  diameter  of  orbit. 

Color  in  alcohol,  pale  brown  or  whitish,  sprinkltHl  with  ragged  or  <lendritic  brown  spots  formtnl 
more  or  less  into  irregular  vertical  l)lotches  or  crossbands;  margins  of  tins  narrowly  creiimy  white  or 
yellowish,  that  of  the  anal  nmch  wider;  comer  of  mouth  and  space  about  gill-op<»ning  dee])  blackish- 
brown;  alxMit  5  longitudinal  blackish-brown  gnxjves  on  lower  side  of  head;  under  side  of  lower  jaw 
with  2  blackish  longitudinal  Hues  which  im^et  at  an  acute  angle  under  chin;  thmat  and  iH'lly  creamy 
white,  with  few  .scattered  brownish  markings;  sides  ami  toj)  of  head  whitish,  with  small,  sjKiringly 
scattered,  irregular  brownish  si)0ts  most  numerous  around  and  l)etween  the  eyes. 

This  species  is  related  to  O.  kidaht  (S<.'hk»gel),  from  which  it  differs  much  in  coloration,  the 
[)re8ent  8j)ecies  l>eing  nmch  paler  and  less  reticulate<l,  the  angle  of  the  mouth  with  mon»  black,  the 
gill-ojKining  being  surrounde<l  by  a  broad  black  area  (nearly  or  <juite  absent  in  Mnk'if)^  an<l  in  having 
the  white  border  to  the  dorsal  tin  much  more  distinct. 

This  8j)ecie8  is  known  only  fn)m  I^iysan  (whence  I>r.  Steinda<'hner  had  2  examples)  and  from 
Honolulu,  where  the  Alhcitrosn  obtaincnl  1  siKM'imen  in  1S91  and  tlie  Fish  Commij^sion  3  exami)les  in  VMM. 

The  specimens  from  I^ysan  which  Dr.  Steindachner  identititni  with  Mnnnm  tiaromnrginntn 
Riippell,  and  of  which  he  gives  a  gcxxl  tigure,  evidently  belong  to  this  s]H.»(»ies.  As  susj^ected  by  I)r. 
Steindachner,  the  spiHiies  is  (juite  different  from  ( i .jUivomartjiuaUiH^  of  which  siHM'ies  we  hav<»  examincMl 
several  sj^ecimens  from  Teilang,  on  the  wt»st  coast  of  Sumatra.  The  present  sjK^cies  is  therefore  known 
from  the  2  examples  which  Dr.  Steindachner  had  from  Uiysiui,  one  s|)ecimen  obtaine<l  by  thi*  A/lMjtmtm 
at  Honolulu  in  1891,  and  3  sjK.'cimens  st^'uriHl  by  us  at  Honolulu  in  UK)1. 


Field  No. I  Lciiffth. 


03775  , 

01904  I 

OIWVS  I 

131H  I 


InchfS. 

24 

14 

8 

17 


Ix)cality. 


Honolulu 

do 

do 

Honolulu  (Albutn>^*<) 


Final  dis|M>sition  of  s|»i>oiuu>n. 


TviM',  No.  riOfiKi.  I'.  S.  N.  M. 
<'otV|K?.  No.  7447,  L.S..Fr.  Tniv.  Miis. 
Cotypo.  No. 2097,  r. S.  F.  ('. 


Jlunrna  Jiavomarffiiiata  var.,  Steindachuer,  Denks.  Ak.  WIks.  Wieu,  lxx,  19U0,  514,  pi.  vi,  tig.  3  (l^iysuii);  n<»t  of  Kuii(iell. 


FI8HE8    FROM   THE    HAWAHAN    I8LAND8.  167 

6.  G^ymnothorax  gt>ldsborou^lii  Jonlan  &  Kvermann,  new  species. 

Head  nearly  '^  in  tnink  (excliii*ive  of  head  and  tail),  or  9  in  total  length;  head  and  trunk  about 
1.5  in  tail;  eye  1.75  in  snout,  1.2  in  interorbital  space;  snout  5  in  head;  interorbital  space  7.5;  mouth  2. 

Body  rather  compresses!,  the  tail  gradually  tapering  narrowly  liehind;  head  compressed,  swollen 
above;  snout  pointed,  the  tip  blunt  and  the  sides  compressed;  eye  rather  small,  a  trifle  nearer  tip 
of  snoot  than  comer  of  mouth;  mouth  large,  snout  slightly  projei'iting  beyond  maiidible;  lips  rather 
fleshy  and  conc^ealing  the  teeth  when  the  mouth  is  closeii;  teeth  in  a  single  series  in  jaws,  anteriorly 
large  and  canine-like,  and  the  vomer  with  a  single  large,  depressible  fang;  anterior  nostrils  at  tip  of 
snout  in  small  tubes;  posterior  nostrils  directly  above  eye  in  front;  interorbital  sp€U*e  more  or  leas 
flattene<l  like  top  of  snout;  gill-ojx'uing  about  equal  to  eye;  skin  smooth;  head  with  a  number  of 
mucous  pores;  origin  of  dorsal  a  little  nearer  comer  of  mouth  than  gill-opening;  caudal  small. 

Color  in  alcohol,  brown,  covered  all  over  l)ody  except  anal  tin  with  round  or  roundish  white  spots, 
those  on  anterior  part  of  Ixwiy  small,  very  small  and  numerous  on  head,  becoming  larger  on  tnmk, 
and  finally  increasing  very  much  in  size  on  tail  where  they  are  scattered  and  rather  far  apart;  reticu- 
lations around  the  light  spots  blackish  V)rown  upon  posterior  part  of  <lor8al  fin,  same  color  as  base  of 
anal;  margins  of  anal  and  dorsal  fins  whitish;  gill-opening  and  anus  boniered  with  blackish  brown. 
General  color  of  Inxly  in  life,  brown,  rather  pale  olivaceous  anteriorly,  and  covered  all  over  with  small 
wliite  spots  which  are  cl<«*e-set  and  small  on  hea<l  where  the  dark  color  forms  a  network;  spots  sptarse 
and  irregular  on  posterior  parts,  and  also  much  larger;  vent  and  gill-oj^ning  dusky;  dorsal  colored 
like  the  body,  with  a  bnjad  white  edge,  growing  broader  behind;  anal  dark  brown,  unspotted,  and 
with  a  bnwul  pale  border. 

This  species  is  known  only  from  the  type,  No.  50617,  U.  S.  N.  M.  (field  No.  03392),  a  specimen 
21  inches  long,  obtained  by  us  at  Honolulu. 

7.  (Jymiiothorax  hilonis  Jordan  &  Evermann,  new  species. 

Head  8.2  in  length;  depth  16;  eye  7  in  head;  snout  6;  interorbital  6;  gape  2.4;  distance  from 
tip  of  snout  to  vent  1.2  in  <listance  from  vent  to  tip  of  tail. 

Body  rather  short,  moderately  compressed,  the  tail  more  compressed  and  bluntly  pointed; 
head  short,  the  nape  swollen;  interorbital  space  broa^i;  a  distinct  median  groove  from  near  the  tip 
of  snout  to  origin  of  dorsal;  angle  of  mouth  posterior  to  eye  a  dLstance  equal  to  eye's  diameter; 
lower  jaw  but  slightly  curved,  shorter  than  the  upper;  front  of  upper  jaw  with  3  short,  bluntly 
pointed,  movable  teeth;  side  of  upper  jaw  with  a  single  series  of  short,  pointed  canines  directed 
backward;  shaft  of  vomer  with  short,  blunt  teeth;  lower  jaw  on  each  side  with  a  single  series  of 
rather  long,  pointed  canines,  longest  in  front  and  curve<l  backward;  anterior  nostril  in  a  long  tube, 
about  2  in  eye,  near  tip  of  snout  just  alxjve  lip;  ix)sterior  nostril  small,  round,  without  tube, 
situated  just  above  anterior  part  of  eye;  gill-of>ening  small,  its  direction  obliquely  forward  towanl 
nape;  a  series  of  4  pores*  on  ea<'h  side  of  upper  jaw;  similar  pores  on  lower  jaw.  Origin  of  dorsal 
fin  on  nape  midway  l)etween  gill-of»ening  and  middle  of  eye;  dorsal  fin  well  developed,  its  greatest 
height  somewhat  excee<ling  length  of  snout;  anal  similar  to  dorsal,  but  lower. 

Color  in  alcohol,  rich,  velvety  black  al>ove,  paler  l)eIow  where  it  is  marble<i  and  reticulated  with 
narrow  white  lines;  series  of  p<jres  on  side  of  upper  jaw  and  those  on  tip  of  lower,  white;  cheek  with 
a  few  irregular  white  sfwts;  gill-oj)ening  whitish;  side  of  body  anteriorly  with  some  small  white  specks 
and  irregular  whitish  markings;  lower  jaw  with  larger,  oblong,  white  cross-lines;  dorsal  fin  rich 
brownish  black,  the  e<ige  jK>steriorly  with  a  narrow,  irregular,  white  border,  sometimes  interrupted 
by  black;  anal  brown,  with  a  narrow  white  eiige  from  which  extend  narrow  intrusions  of  white,  some 
reaching  base  of  fin;  en<l  of  tail  with  a  few  small  white  spots,  the  tip  narrowly  whit4*. 

The  only  known  example  of  this  species  is  the  type.  No.  50618,  U.  S.  N.  M.  (field  No.  04902),  a 
specimen  9.5  inches  long,  obtiiine<i  by  ils  at  Hilo,  Hawaii. 

8.  Echidna  zonophaea  Jordan  &  Evermann,  new  species. 

Head  3  in  trunk,  or  ().5  in  total;  tail  longer  than  head  and  trunk  by  a  little  more  than  the  snout; 
eye  2  in  snout,  1.5  in  interorbital  spa<^v;   snout  6;  interorbital  space  7.75;  mouth  2.8. 

Iknly  (X)mpres8e<l,  the  tail  tapering  rather  narrowly  posteriorly;  head  deep  and  compressed, 
pointe<l  in  front;  snout  rather  long  and  j>ointe<i,  the  tip  obtusely  roundeti  and  projecting  consid- 
erably  beyond  the  mandible;  eye  rather  small,  midway   between  tip  of  mandible  and  comer  of 
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tnoutli;  iiiandibh^  Hliuttin^  coinplotely,  an'luMl  })elow  8<>  Uiat  only  tho  anterior  t(H'th  toucli  the 
front  of  tlie  jaw  alx>ve,  though  the  thick  Hewhy  \\\yn  conceal  them  all;  te<»th  molar,  thoM)  in  front 
of  jawH  iH)int4Hl;  anterior  iioHtriln  in  phort  tnlx«,  the  jM»pterior  pair  alK)ve  the  eve  with  a  plijrhtly 
elevated  margin;  interorbital  Hi>aee  ccmvex;  top  of  head  more  or  lew  swollen  or  wmvex  in  i»rofile; 
gill-opening  1.67  in  eye;  »kin  wiiooth;  head  with  a  few  ixjn»s;  origin  of  dorsal  lH*ginning  at  last 
fourth  of  siwct^  l)etween  corner  of  mouth  an<l  gill-oiH'ning;  c^uidal  nmall. 

Color  in  alcohol,  grayinh  white,  the  iKxly  an<l  tail  <to?*h(h1  by  about  25  bn)ad  rich  bn>wn  })andfl, 
extending  u{K)n  the  dorsal  and  anal  lins;  dark  lmndi:<  anteriorly  bn>adt»Ht  alK)ve  and  not  m(H'ting  acrow 
l)elly,  their  width  alK>ut  ecpial  to  the  tlistance  from  tip  <)f  snout  to  middle  of  eye;  first  brown  Iwimi 
through  eye,  second  acrosH  nain;,  the  fourth  across  gill-ojK*ning;  gray  Imnds  of  ground  color  antt»ri- 
(►rly  brojid,  and  wi<lening  nmch  u{Km  In'lly;  iK)steriorly  the  gray  bands  are  narrower  and  l)etter 
defincnl,  esp<H'ially  on  the  tins,  their  width  sciira»ly  gR»ater  than  half  that<>f  the  bn^wn  bands;  tip  of  tail 
very  narrowly  white;  l>ody  anteriorly,  especially  within  the  gray  1>ands,  j»rofuHely  covere<l  with  numer- 
OU8  small,  n)undish,  blatrk  si>ecks,  less  num(ToUBand  more  soattere<l  jMysteriorly;  no  black  8iK)tHon  head; 
angle  of  mouth  black,  with  a  small  white  bl(>tch  inune<liately  in  front  on  lower  jaw,  continucN.l  across 
under  jaw  la*  a  broad  whitish  l>and;  side  of  head  with  alxmt  4  or  5  narrow  blackish  lint»s  lH»twi»en  mouth 
and  gill-o{>ening;  n*gion  of  gill-ojH»ning  marbletl  with  dark  brown  and  whitish,  the  oiM'ning  <lark. 

One  example  (No.  0.^545)  had  much  yellow  on  the  head  and  lH*tw<HMi  the  brown  zones. 

This  H|K»cieH  is  known  from  the  tyjH^  and  .'{  coty|K»s,  all  obtaimnl  by  ns  at  Ilonolnlu. 


Field 
No. 


lA'i)»?tli. 


lurhm. 
'21 
Ki 


L<»rjility. 


Fiiml  (lbiH)^iti<iii  of  h|mmmiiu'u. 


IIoiioliilii... 
«lo 


TviM-.  No..'iOt;21.  r.  S.  N.  M. 
('oty|M',  No.  Lti'is.  r.  S.  F.  ('. 


17 <lo <'(»typr.  No.  TIls.  L.  S.  .Ir.  Tnlv.  Miis. 


ir> 


r- 


.do 


CotyiH'.  No.  :i9i..\  Field  Tol.  Miis. 


Family  MYCT0PIIII).4':.     The  Lantern -fishes. 
9.  Bhiiioscopelus  oceanicus  Jordan  iV:  Kvermann,  n(>w  s{>e<'ie.'i. 

Head  WJy  in  length;  depth  4.1;  eye  2.5  in  head;  snout  very  short,  alxMit  <>;  interorbital  ,*J.5; 
D.  about  12;  A.  alK)ut  IS;  scid<»s  2-:;5-.S. 

Hody  stnmgly  compresscMl,  {wirticularly  jK>steriorly,  wIhtc  it  tajK^rs  into  the  long,  slender  inmdal 
j>eduncle;  head  exciHiling  de{>th  (»f  Ixnly;  mouth  large,  somewhat  oblirpie,  tlu'  jaws  e<iual,  the  max- 
illary reaching  In^yond  the  orbit,  its  |K)sterior  <'nd  clul»-sha{H'<l:  eye  large;  anterior  profile  rather 
evenly  convex  from  tip  of  sn(»ut  to  nape;  teeth  dillicnlt  to  make  out,  but  a  single  row  of  minute  ones 
can  l)e  seen  on  the  e<lge  of  t»ach  jaw,  the  exterior  gnuuilar  or  short,  villiform  striiK',  if  it  exists,  U'ing 
invisible  even  with  thcwiid  of  a  good  lens;  tin^th  on  vomer  and  edges  < if  palatines  more  distinct  than 
those  on  jaws,  and  forming  a  broader  lim»  as  if  there  wen*  2  or  .*{  rows;  no  granular  fuitches  visible  on 
disk  of  ))alatine  Ixuie;  an  elevated  acute  mesial  line  si'jKirating  one*  nasal  prominenc<^  from  th<»  other; 
intemrbital  space  (hhiv^'x,  roun<l(Ml;  pn'operde  nearly  vertical,  slojiing  slightly  backwanl  from  alK)ve 
«lownwanl;  scahw  larg<»,  undulated  and  very  irregularly  and  sparingly  tootiie<l  or  cn*nat<',  and  having 
about  .'i  Iwisal  furrows;  s<'ales  of  latenil  line  conspicuous  and  mon»  jK^rsistent;  7  pliotophon*s  along  Uise 
of  anal,  5  along  lower  <Mlgc»  of  caudal  pcvlimcle,  2  at  ba.Me  of  caudal,  1  on  middle  of  side  alwive  last  anal 
photophon%  4  on  each  side  of  belly  lM'twe«'n  vcntrals  and  origin  of  anal  fin,  5  lM'tw«*cn  has**  of  ventral 
and  gill-oiHMiing,  1  on  side  above  b;t«e  of  ventnil,  a  row  of  .">  upwanl  and  bju-kward  from  fnmt  of  anal, 
1  abov«^  and  1  Ih*1ow  bas<»  of  jMftoral,  an<l  1  on  lower  anterior  portion  of  opercle:  origin  of  dorsjil 
sonu'what  U'liind  biL*H»  oi  ventmls,  the  iM>sterior  rays,  tog^'tluT  with  those  of  anal,  dividi'd  to  the  ba.'je; 
no  spine  at  base  of  <iiudal. 

('oh»r  in  alcohol,  imiform  brownish,  the  scak^,  esjKM'ially  on  nnd<lle  of  sid«',  metallic  stei'l  blue; 
top  of  h<*ad  brownish;  siile  of  head  bluish;  photophorcs  black  with  silvery  center;  fins  dusky  whitish. 

This  siK*cit»s  wjifi  re<'orde<l  by  Fowler  from  "near  the  Sandwich  Ishuuls,"  as  Ixltimnnitprhis  mrns- 
cans  (  Uichanlson),  tin*  record  lH»ing  biU<ed  ujxni  4  specimens  (Nos.  7W72  to  7i>75)  coll(>rted  by  Dr. \V.  II. 
Jones,  and  now  in  th<^  Philadelphia  Academy.  During  tlu^  Agassiz  South  l*acifi<*  I'xpedition  of  the 
AUhiIvohh  in  ISlHJ-llXK),  2  examples  of  thissiKHn(»s  wen»  taken  in  the  surface  towing  net  at  S  p.  ni.,  Sep- 
tembers, lstM.),at  latitu<lc  1()°57'X.,  longitu<h»  l:i7°  .'tr/  W.,  southeast  of  the  Hawaiian  IsUuhIs.     These 
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2  specinjens  are  doubt U'sh  identical  with  thone  reconled  by  Mr.  Fowler,  and  are  apparently  dirtinct 
from  H.  ntriiMutnA^  the  ty{>e  of  which  came  fnim  l>etween  St.  Helena  and  A«*enHion  Islands  and  others 
from  l)etween  Australia  an«l  New  Zealan<l.  Thev  are  near  R.  muhea'  Lutken,  fn>m  which  thev  seem 
to  differ  in  the  blunter  snout,  the  more  slender  tail,  and  in  having  the  ix>sterolateral  photophore 
8<^)mewhat  before  the  adiposi*  fm. 

Tyi)e,   No.  5()(i22,  U.  S.  N.  M.   (field  No.  05Sa5),   !.:'»  inches  lonjr,  collected  by  the  AltKUrftM  at 
S  p.  nl.,  Septoml)er  S,  1809,  at  the  surface  at  137''  [W  \V.,  10°  57'  N. ;  cotyj)e,  No.  27:]6,  \\  S.  F.  C,  same 
size,  <*ollcrte<l  at  same  time  an<l  phuv. 
Rhino*co)Hlu.^  (^nutntns,  Fowh-r.  I^oc.  Ac  Nat.  Sci.  Thilrt.  lyiK).  I'JS  (nmr  tho  Siindwich  lslnii(l.«<):  not  of  RichanlHoii. 

Family  SYXGNATHID.^.     The  Pipe-fishes  and  Sea-horses. 
10.  Hippocampus  fisheri  Jonlan  i^  Kvermann,  new  species. 

Eye  2.S  in  snout;  snout  2  in  heail;  D.  18,  on  4  rinps;  A.  4;  P.  15;  rinjrs  12  i  IM. 

Tail  longer  than  heail  and  trunk;  tnmk  rather  di»ep,  compresse<l,  its  width  1.7  in  depth;  eye 
small,  e<jual  to  interorbital  width;  interorbital  spa<'e concave;  ^11-openinp  small,  high;  spines  on  head 
ami  IxMly  rather  hich,  shar|);  2  rinp?  on  trunk  lietween  each  pair  of  larjrer  spin(»s;  tail  with  3  ringR 
l)etwi»en  each  i»air  of  larger  sj)ines;  cf>ronet  well  develof>e<l,  with  5  spines;  spines  over  eye  blunt;  base 
of  dorsal  alxuit  e<jual  to  snout;  anal  small,  lonjr;  j>e<'tonil  broad,  rays  rather  long. 

C<jlor  in  life,  tnmk  Ix^low  middle  row  of  rin<rs  yellowish  jrolden,  al)ove  middle  row  blackish  brown 
on  orange  ground;  knobs  orange;  lower  |K)rtion  of  knobs  on  S  to  11  rings  sjxjtte^l  with  dark  brown; 
side  and  toj)  of  tail  same  as  l>a<'k  of  tnmk;  ventral  si<le  |>:de dirty  orange;  head,  crown  and  snout  dirty 
dark  brown;  an  orangt»  band  across  snout  and  one  l>ef ore  eyes;  pale  brownish  golden  over  gills;  chin 
orange;  iris  yellowish  golden  with  8  nnldish  streaks  radiating  fnmi  pupil;  tins  i)ale;  a  red  spot  l)efore 
each  eye  at  each  si<le  of  preorbitiil  spine. 

Color  in  alcohol,  {wile  bn)wn,  up{x*r  surface  with  dark  l)rowii  marblings;  side  with  small  roundish 
dark  siK)t8. 

The  above  description  is  from  the  type.  No.  50025,  T.  S.  N.  M.  (tield  No.  0.'^*^5),  a  specimen  2.0 
inches  long,  obtaintNl  at  Kailua,  Hawaii,  where  the  s|M.'cies  was  new  to  the  nativt»s.  We  have  5  other 
examples,  ea<*h  alxjut  '.\  inrlu'.<  long,  taken  from  the  stomach  of  a  dolphiji  {Cortjjthana  sp.)  which 
was  captunnl  at  llilo,  July  IS,  1901. 

When  fresh.  No.  0;{507.  a  male,  wa**  i)ink  or  pale  cardinal  ahmg  ami  near  the  keels;  plates  on  l>ack 
ami  alK)ve  mi<l<lle  row  of  knobs  on  si<le  mottk»<l  blackish  on  pah*  re<l  ground;  plates  Inflow  middle  row 
of  knot >s  and  on  l>i*lly  |M»n'clain  white;  cgg-{>ouch  uniform  pale  canlinal-n^l,  paler  than  rest  of  iKwly; 
tail  same  pink  or  pale  cardinal,  mottli*<l  with  bhu*ki.sh  blotches;  top  of  head  and  crown  blackish  on 
pale  re<l;  clu^k,  jaw,  and  snout  pink.  Sonic  cxam{>les  had  ventral  side  of  tail  and  portion  behind 
fourth  prominent  spinr  of  tail  uniform  pale  canlinal-nMl. 

This  s|>e<'i«*s  is  name^l  for  Mr.  Walter  V.  Fisher,  of  Stanfonl  I'nivi'rsity. 

We  have  the  following  si>e<Mmens: 


V  I^'imtli.      I/H-alitv.  FMiml  tlisfMisition  of  >fH'(>iini'ii.  1 

_  _  _l 

i 

(tKV*  '2.t\       Kailim....  Typt'.  No..=i(W2:».  T.S.  N'.M.  | 

(CfiJiT      Hilo rotviM'.  No.  74.'i<».  L.  S.  .Ir.  Tniv.  Niiis. 

«ln  ....  CotViM'.  No.  JTdiJ.  r.  S.  F.r. 

Mo f'otyiM-.  No.  ;^.»l«..  Firl«l  Col.  Mu.«. 

<lo <'otv|>«».  No.  I«;s7,  Hi<i|io|»  .Mils. 

<lo CotyiM'.  No. .  .M.  ('.  Z. 


11.  Hippocampus  hilonis   Ionian  «^  Kvcnnann,  new  sfn^i'ies. 

f>e  al)out  4  in  sn<>ut;  snout  2  in  head:  D.  16,  on  :;  rings;  rings  12  :  lin.  Tail  a  little  longer  than 
heail  and  trunk;  tnmk  rather  dee]>,  c<Mnprt»ss<'<l,  its  width  2  in  depth;  eye  small,  e<jual  to  interorbital 
width,  which  isconcave,  broader  i>osteriorIy;  gill-o|»ening  high,  rather  large;  spine^on  hea<i  and  bo<ly 
very  blunt,  rounde<l,  or  obsolete,  though  fonning  knobs  of  ujore  or  le><s  e<|ual  size  along  tail;  coronet 
with  rounde<l  knol>s,  In'fore  which  is  a  short  ki»el  or  trenchant  ridge;  Ixk^eof  dorsal  alx>utl..'i5  in  snout. 

Color  in  alcohol,  dark  or  blackish  brown,  more  or  le*<  uniform. 
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This  species  is  known  to  us  only  from  the  example  desorilied  alx)ve.  It  is  closely  related  to  the 
Japanese  Hippocamjnts  ateirimiiA  Jordan  &  Snyder,  but  on  comparison  with  the  tyj>e  of  that  8f)ecie8 
was  found  to  differ  in  the  presence  of  the  keel  on  the  top  of  the  head  and  in  other  minor  characters. 
It  is  also  close  to  //.  ringniJ*, 

Type,  No.  50626,  U.  S.  N.  M.  (field  No.  03832),  a  specimen  6  inches  long,  presented  to  us  by  Mr. 
A.  M.  Wilson,  of  Hilo,  Hawaii,  where  he  obtained  the  specimen. 

Family  ATHERIXID^.     The  Silversides. 
12.  Atherina  insularuzn  Jonlan  <&  Evennann,  new  species. 

Head  4  in  length;  depth  4.75;  eye  3  in  hea^l;  snout  4;  interorbital  2.8;  maxillary  2.5;  mandible  2.2; 
I),  vi-i,  11;  A.  17;  scales  46,  6  rows  from  anterior  lyase  of  anal  upward  and  forwan.1  to  spinous  dorsal. 

Bfxly  oblong,  compressed;  head  triangular,  the  sides  compressed,  top  flat;  mouth  large,  oblique, 
maxillary  reac!hing  front  of  pupil,  lower  jaw  included;  teeth  in  rather  broad  villiform  Imnds  on  jaws, 
vomer,  and  palatines;  interorbital  sjMice  very  broa<.l  and  flat;  snout  broad,  truncate;  origin  of  spinous 
dorsal  slightly  i)osterior  to  vertical  at  vent,  slightly  nearer" tip  of  snout  than  base  of  cau<lal;  longest 
dorsal  spine  about  2.4  in  head,  rt»aching  nearly  to  vertical  at  front  of  anal;  distance  l)etween  spinous 
and  soft  dorsals  equal  to  distance  from  tip  of  snout  to  middle  of  pupil;  edge  of  soft  dorsal  concave, 
anterior  rays  somewhat  produced,  their  length  1.9  in  head;  last  dorsal  ray  about  om»-half  longer  than 
one  preceding;  base  of  soft  dorsal  1.8  in  head;  origin  of  anal  considerably  in  a<lvance  of  that  of  soft 
dorsal,  the  fins  similar,  anterior  rays  about  1.7  in  head,  base  of  anal  1.3  in  head;  caudal  widely  forked, 
the  lol)es  equal;  ventral  short,  barely  reaching  vent;  i)ectoral  short,  broad,  and  slightly  falcate,  its 
length  about  1.4  in  head.  Scales  large,  thin,  an<ldeep,  19  in  front  of  spinous  dorsal,  6  rows  between 
the  dorsals  and  9  on  mcnlian  line  of  caudal  iK^luncle. 

Color  when  fresh,  clear  olive  grivn  with  darker  edges  to  scales;  lateral  stripe  steel  blue  above, 
fading  into  the  silvery  belly;  fins  uncolortnl. 

Color  in  alcohol,  olivaceous  alH)ve,  silvery  on  sides  and  l>elow;  scales  of  liack  and  upper  part  of 
side  with  numerous  small  round  coffee-brown  spe<'ks,  disiK)sed  chiefly  on  the  edges;  median  line  <»' 
back  with  a  darkish  striin.*;  middle -of  side  with  a  broad  silvery  band,  plumbeous  above,  especially 
anteriorly,  more  silvery  lx»low;  t^)p  of  head  and  snout  with  numenms  dark  brownish  or  black  specks; 
side  of  head  silvery,  oj^nrle  somewhat  dusky,  sides  and  tip  of  lower  jaw  dusky;  dorsals  and  caudal 
somewliat  dusky,  other  fins  pale;  pe<'toral  without  dark  tip. 

This  small  fish  is  common  inside  the  reef  in  shallow  bays  everywhere  in  the  Hawaiian  Islands. 
Many  indi^^duals  were  seen  off  the  wharf  at  I^haimi  on  Maui.  Our  colle(!tions  of  1901  contain  20 
specimens  from  Kailua,  fn)m  1.5  to  3.5  ijiches  long;  43  from  Hilo,  1.5  to  2.25  inches  long;  and  1  from 
Honolulu,  2.25  inches  in  length.  Numerous  si)ecimens  were  obtained  by  the  AifnitroM  at  Honolulu  in 
1902,  1  of  which  is  taken  tw  our  tyiw  an<l  3  others  a«  coty|K»8. 

Tyi>e,  No.  50819,  U.  S.  N.  M.,  4.25  inches  long,  obtained  by  the  Allxitrosn  at  Honolulu.  Cotypes 
No.  2741,  U.  S.  F.  C,  3.9  incht*  long;  No.  2302,  -Vm.  Mus.  Nat.  Hist.,  3.9  inches  long;  and  No.  4003, 
Field  C^l.  Mus.,  3.5  inches  long,  all  (!ollecte<l  at  Honolulu  by  the  .l/6a/r(ww. 

Family  HOLOCENTRn)/E.     The  Squirrel-fishes. 

13.  Myripristis  bemdti  Jordan  <&  Kvermann,  new  species. 

Head  2.8  in  length;  depth  2.4;  eye  2.7  in  heatl;  snout  4.7;  maxillary  1.7;  interorbital  4.9;  1).  x-i, 
16;  A.  IV,  14;  P.  i,  14;  V.  i,  7;  scales  4-,32-7. 

Body  elcmgate,  (U»ep,  compressi^l,  its  greatest  depth  at  liase  of  ventral;  head  large,  compressiHl,  its 
depth  less  than  its  length;  snout  short,  blunt,  convex,  ita  width  al)out  twitre  its  length;  ujuwr  profile 
of  head  straight  from  alK)ve  nostril  to  oit'iput;  eye  large,  high,  it«  diameter  a  little  less  than  jM>sterior 
part  of  head,  and  its  upper  rim  hanlly  im{)inging  upon  upi)er  profile  of  head;  mouth  very  large, 
oblique;  mandible  slightly  projecting,  the  maxillary  not  reaching  iK)sterior  margin  t)f  eye;  distal 
expanded  extremity  of  maxillary  1.7  in  eye;  several  enlargwl,  blunt  t<»eth  on  outer  front  edgt»s  of  jaw 
and  sides  of  mandible;  teeth  in  jaws  line,  in  broa<l  bands,  also  on  vomer  and  palatines;  tongue  thick, 
pointed,  and  free  in  front;  sul)orbital  rim  narrow,  finely  si'rraU^;  lower  pixsterior  margin  of  maxillary 
with  blunt  denticulations;  lips  rather  thick  ami  fleshy;  nostrils  dosi*  t^gt»ther,  iH)sterior  very  large, 
close  to  front  rim  of  orbit;  bones  of  head  all  finely  serrate;  opercle  with  well-developed  spine;  gill- 
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opening  large,  filaments  rather  large;  gillrakers  long,  fine,  longest  longer  than  longest  gill-filaments; 
pseudobranchiie  very  large,  outtT  |)ortions  free  for  half  their  length;  dorsal  spines  slender,  first  3.4  in 
head,  second  2.6,  third  2.2,  fourth  2.2,  tenth  6.4,  and  last  3.5;  anterior  <lorsal  rays  elevate<i,  produced 
into  a  jx)int,  first  1.8,  sei'ond  1.7,  and  last  8;  first  and  second  anal  spines  short,  third  2.6,  and  fourth 
2.8;  8<jft  anal  similar  to  soft  dorsal,  anterior  ray  1.75,  thinl  1.8,  and  last  6;  caudal  forked,  lobes  pointed, 
1.2;  pectoral  rather  small,  p^jinted,  1.4;  ventral  1.6,  reaching  .65  distance  to  anus;  caudal  peduncle 
elongate,  compres.sed,  2.2  in  hea<l,  its  depth  3.25;  .sc^ales  large,  ctenoid,  deep;  lateral  line  slightly 
arched,  running  obliquely  down  on  side  along  upj)er  part  of  <.^udal  {>eiluncle;  4  rudimentary  caudal 
rays  above  and  Inflow,  slender,  sharp-pointed,  and  gratiuate<l. 

Color  in  life  (No.  0)J370).  deep  red,  with  silvery  luster;  no  stripes  on  side,  a  bloo<l-red  band  across 
gill-oi)ening  and  base  of  |)ectoral;  fins  <leep  reil,  without  white  wlgings,  <listal  half  of  spinous  dorsal 
shading  into  orange. 

Color  in  alcohol,  pale  straw-color,  fins  plain  and  paler;  upj)er  margin  of  opercle  blackish,  and  axil 
of  pectoral  l)lack;  anterior  margins  of  soft  dorsal  and  anal  whitish. 

We  take  j)leasure  in  naming  this  species  for  Mr.  Iakhs  E.  Berndt,  superinten<lent  of  the  Honolulu 
market.  Descril>e<l  from  an  example  (No.  (K{^U6)  taken  at  Honolulu,  where  the  species  is  rather 
common.     Our  collections  <'ontain  the  following  si)ecimens: 


Field 
No. 


I  Length     Ltx-alily. 


Final  dijip<j»<ition  af 
si>eoimen. 


03^46 
03370 
04J>^ 


9 

8 


(M836 

7 

01M9 

"      1 

04850 

1 

7 

(M856 

7 

04h57 

8.5 

Honolulu.    Typo.  No.  50627.  U.  S.  N.  M. 

do Cotype,  No.  16818.  Bifhop  Mus. 

do Cotvpe,  No.  .  M.  ('.  Z. 

do....    Cotype.  No. 2701.1'. S.  F.C. 

do Cotvpe.  No.  2282.   Am.   Mils. 

Nat.  Hist. 

do  ... .    Cotvpe,  No.  1489,  Cal.  Ac.  Sci. 

...  .do  ... .    Cotype,  No.  f>0rJ'2S,  r.  S.  N.  M. 
do Cotype,  No.  9801.   Miu*.   Ind. 

Univ. 


Field 
N«». 


Ots70 

04S72 

04873 

04874 
04X78 
m882 
04.S85 
04891 


Leng^th.      I>M'ality. 


Final  disposition  of 
specimen. 


9 

s 

8.5 

7 
7 
7 

h 
9 


Honolulu.    Cotype,  No.  3»47.    Field 

Col.  yius.  . 

do....    Cotvpe,  No.    24212.    Ac.     ' 

Nat.  Sci.  Phila 

do Cotype,  No.  7451,  L.  S.  Jr. 

Univ.  Mua. 

do 

do 

do ... 

do . . . 

do  ... 


14.  Myripristis  chryseres  Jordan  «?t  Kvermann,  new  species. 

Head  2.7o  in  length;  depth  2.5;  eye  2.4  in  hea<l;  snout  5.5;  maxillary  1.9;  mandible  1.8;  inter- 
orbital  5;  D.  x-i,  14;  A.  iv,  12;  scales  4-34-fi. 

B<xly  short,  stout,  and  compresse<l;  dorsal  profile  evenly  convex  from  tip  of  snout  to  origin  of  soft 
dorsal;  ventral  outline  nearly  straight  to  origin  of  anal  who.se  l>a.se  is  tH:|ually  oblique  with  that  of 
soft  dorsiil;  caudal  |>e<luncle  short  but  slender,  and  not  greatly  comj>resse<l,  its  length  from  l>ase  of  last 
dorsal  ray  to  first  short  spinous  caudal  niy  1.3  in  eye,  its  least  wi<lth  alx>ut  3  in  its  least  depth  which  is 
1.8  in  eye;  hea<l  heavy,  short;  mouth  mcxierately  large,  the  gaj)e  in  close<l  mouth  reaching  vertical  of 
mirldle  of  eye;  maxillary  very  broad,  triangular,  reaching  nearly  to  vertical  of  i)Osterior  line  of  eye, 
with  a  bn)ad,  curved  supplemental  l)order;  surface  of  maxillary  roughly  striate<l,  anterior  e<lge  near 
the  angle  strongly  dentate;  lower  jaw  .«trong,  somewhat  proje<*ting,  the  tip  with  2  rounde«l  rough 
prominences  fitting  into  a  distinct  notch  in  upper  jaw;  teeth  short,  in  narrow  villifomi  l>ands  in  jaws 
and  on  palatines,  a  small  patch  on  vomer,  none  on  tongue;  eye  very  large,  orbit  excee<ling  postocular 
j>art  of  head;  lower  eilge  of  eye  on  level  with  axis  of  l)ody;  snout  short,  2  in  orbit;  interorbital  spa<*e 
nearly  flat,  strongly  rugose;  2  long  ridges  from  preorbitals  to  na[)e;  outside  of  these  a  short  ridge 
l)eginning  alxjve  fnjnt  of  pupil,  extending  l>ackward  and  branching  upon  nape;  supraocular  ridge 
spinesi'ent  posteriorly;  sulxirbital  narrow,  strongly  dentate  below,  up|)er  edge  in  front  somewhat 
roughene<l;  ojien-ular  l)ones  all  strongly  toothed;  o|H'rcular  spine  short  ami  ol)Scure  (stronger  in  most 
of  the  cotypes);  dorsal  spines  slender,  fifth  longest  an<l  strongi*st,  its  length  2.5  in  head;  first  dorsal 
spine  somewhat  j>osterior  to  base  of  {sectoral,  its  length  2  in  eye,  spines  gradually  shorter  from  fifth; 
spa<'e  l>etween  <lorsals  very  short,  alnrnt  e<jual  to  length  of  tenth  spine;  dors:il  rays  long,  length  of 
longest  a  little  greater  than  orbit,  last  equal  to  pupil;  first  anal  spine  very  short,  se<x)nd  short  and 
triangular,  its  length  aVxmt  1.5  in  pu])il;  thinl  anal  spine  long,  strong  and  straight,  longer  than  fourth, 
its  length  equal  to  diameter  of  orlnt;  fourth  anal  spine  slender,  it«  length  1.3  in  orbit;  anal  rays  longer 
than  th<jse  of  dorsal;  <'au<lal  widely  forke*!,  IoIk's  equal,  their  lentrth  1.5  in  head;  jXM'toral  long  and 
narrow,  its  length  1.4  in  hea<l,  the  tip  reaching  past  tips  of  ventrals;  ventrals  slender,  pointetl,  nearly 
reaching  vent  and  nearly  as  long  as  ]>e4.'toraL 
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Scales  fliTialler  than  in  ^f.  rmtrdjan,  number  in  lateral  line  34  in  type,  35  to  38  in  Pome  of  the  <H)type8; 
0caleH  strongly  dentate,  an<l  striate  near  the  e<ijfe8;  a  strongly  dentate  humeral  sirale. 

Color  in  life,  bright  scarlet,  ctmters  of  the  scales  paler;  a  blat^kish-red  Imr  behind,  and  on  edge  of, 
opercle,  continued  a<«  red  (not  black)  into  the  axil;  first  «iorsal  golden,  with  rtnl  basal  blotches  on  mem- 
branes; second  dorsal  golden,  with  crimson  at  base,  spine  and  first  ray  white;  caudal  golden,  first  ray 
white  alK)ve  and  below;  anal  golden,  the  spines  and  first  ray  white;  all  the  vertical  fins  narrowly  c»dged 
with  red;  ventrals  mostly  pink,  with  golden  wash  on  first  rays;  pectoral  plain  crimson;  axil  light  rcnl. 

Color  in  alcohol,  yellowish  or  orange  white,  the  edges  of  the  st^ales  paler;  some  of  the  scales  with 
small  brownish  dustings  on  the  e<lges;  edge  of  opi'Tcle  black;  opert^le  and  cheek  somewhat  silvery;  fins 
all  jMile  yellowish,  without  dark  edges.  In  some  individuals  the  general  color  is  more  silvery,  and  in 
one  example  (No.  048()0)  the  axil  of  the  pi»ctoral  is  somewhat  dusky.  In  life  the  color  is  more  scarlet 
than  in  M.  murdjnn  an<l  the  lins  yellow,  not  red  lu*  in  M.  murdjan  and  all  other  Hawaiian  spcM'ies. 

Af;fripnj<iv<  rhri/sercH  is  relat^nl  to  M.  murdjau^  from  which  it  differs  in  the  smaller  wales,  larger  eye, 
less  bla(;k  in  the  axil,  and  the  absence  of  blat^.k  edgt»s  to  the  dorsal  an<l  anal  fins  as  in  the  life  colors 
already  note<l,  the  yellow  lins  iK'ing  the  most  conspicuous  character  in  life.  It  ri»aches  a  length  of  9  or 
10  inches  and  apjH^ars  to  Ih>  nHMlerately  abundant  at  Honolulu  and  Ililo. 

Ty|)e,  No.  50021),  IJ.  S.  N.  M.  ( fiehl  No.  03403),  a  s|KHinien  S  inches  long,  obtaini'd  at  Hilo,  Hawaii. 
The  numerous  cotypes  and  the  museums  in  which  they  have  lM»en  deposit^'d  are  indicated  in  the  f(>l- 
lowing  tabular  list  of  s{>ecimens: 


Field. 
No. 

UMigth. 
fnrfuit. 

Locality. 

Final  dis[>o»<ition  of  siK-cinion. 

Field 
N<». 

•JTiSK 

4 

Honolulu. 

CM.S4i2 

03463 

H 

Hilo 

TviK*.  No.  ftUJ'iO.  V.  S.  N.  M. 

(>1M'>:1 

U48'.!3 

M.n 

do 

('otyi»o,  No.    74r)2,    1..    S.    .Ir. 
Univ.  Mu.H. 

(M.s<)7 

(M«L»7 

H 

df» 

Do. 

<>1H(W 

(>!S33 

G 

M(»nolulu. 

(:otyi.c,  No.   '22S.i.  Am.    Mus. 
Nat.  Hi>*t. 

(MSIJ9 
(MS.S7 

IMXVJ 

mm 

4 

do 

C^itviu',  No.  2427:{,  Ac.  Nal.  S<'i. 
Phila. 

IMS.S9 

(MMK) 

048«X) 

9.5 

Hilo 

Cotviw.  No.  5(rMM).  r.  S.  N.  M. 

aiM92 

(MMIU 

9 

do 

('^)lvpc,  No.  394K,    Field   Col. 
Ikfu8. 

IxMiKth.     I^K-Hlity.      Final  disfHrsition  of  s{M><'imon. 


IH4'fu  M. 

9  '  Hilo I  Cotvpe.  No. .  M.(\Z. 

9    do I  ('^>tyi»c.  No.  *Mf2,  Ind.  Tnlv. 

I  Mus. 

s  I  Hom>lulu.    <'otypc.  No.'27(>2.  T.  S.  F.  ('. 

7    do (\»l"v|K',  No.  HIS9.  Bi.shop  Mus. 

s  ' do....    CotyiK.',  N«».  149().('al.Ac.  S<-i. 

H  j do 

7  I do  .... 

H    do 


S  ■, 


.do 


15.  Myripristis  arg^yromus  .Ionian  i<:  Kvermanii,  new  species. 

Hea<l  3.5  in  length;  depth  2.75;  eye  2.4  in  head;  snout  5;  uiaxillary  l.H;  mandible  l.(»;  interor- 
bital  3.75;  I),  x-i,  15;  A.  iv,  13;  scales  4-33-5. 

Body  rather  hmg  and  compress(Ml,  dorsal  and  ventnil  outlines  alxiut  equally  and  evenly  convex 
from  snout  to  origins  of  anal  and  soft  dorsal  lins;  head  rather  large  but  short;  mouth  moderate,  max- 
illary reaching  vertical  at  j>osterior  edge  of  pupil,  the  cxpose<l  portion  broad,  triangular,  the  upper 
edge  concave,  the  end  rouiuled  and  the  anterior  edge  with  short  blunt  teeth,  strongest  at  angle;  tip  of 
iipj)er  jaw  with  a  shallow  notch  rouglH»ne<l  at  its  outer  e<lges;  jaws  (Hpial,  lower  fitting  into  the  notch 
of  upper  and  with  2  patches  of  strong  blunt  tooth-like  tul)erclcs  at  it*<  tip;  eye  large,  its  mid<lle  above 
level  of  tip  of  upj>er  jaw;  interorbital  spa<*e  wi<le  and  slightly  convex;  2  low,  nearly  parallel  median 
ridges  from  tip  of  snout  to  nape,  diverging  slightly  at  their  middle,  another  low  ridge  from  above  orbit 
ba(!kwanl  to  nape,  and  another  backward  around  orbit;  ridgis  (m  nap<>  divergent;  suborbital  narrow, 
dentate  on  both  edges;  opercular  Inuies  all  striate  an<l  dentate  at  the  edges;  opercle  with  a  short,  fiat, 
triangular  spine;  scales  large,  rough,  striate  near  the  edges  whit!h  are  finely  t<M»thed;  a  series  of  4  or 
5  larger  m()difie<l  scaUw  across  najK',  and  a  series  of  triangular  sciil(»s  along  l)ases  of  dorsal  and  anal; 
alx>ut  10  scalers  in  front  of  dorsal;  origin  of  «lorsid  al>out  over  lower  base  of  j)ertoral;  dorsal  spines 
slender,  the  first  3.2  in  head,  third  an<l  fourth  longest,  about  equal  to  orbit;  interval  lK»tw«HMi  dor-sjils 
very  short.;  anterior  dorsal  rays  st)mew hat  produced,  their  length  e<jual  tonnoutand  eye;  e«lge  of  fin 
concave,  last  rays  nearly  3,  or  e(]ual  to  puj>il;  anal  sjunes  graduated,  the  first  very  small,  secon<l  short 
but  stout,  thinl  nnich  longer  and  stoutest,  its  length  1.3  in  eye,  fourth  still  longt'r  and  more  sh'uder; 
anterior  anal  rays  produced,  their  length  about  equal  to  that  ot  longest  <lorsal  rays,  free  edge  of  fin 
concave;  (^audal  evenly  forked,  the  lobes  espial  to  length  of  head;  {>ertoml  long  and  pointe<l,  reaching 
l>ey(md  tips  of  ventrals,  about  1.3  in  hea<l;  ventrals  shorter,  !.(>  in  hea*!,  their  tifw  equally  distant 
between  their  bases  and  that  of  first  anal  ray. 
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Color  in  alcohol,  pale  yellowish-white,  brightest  above,  more  silvery  on  si<le  and  1-X»lly;  ojiereular 
bones  with  tine  round  brownish  sfK-rks;  edjre  of  oj)ereIe  not  black,  scarcely  <lnsky;  axil  dusky  inside 
but  not  showing  alM)ve  tin;  tins  |nile  yellowish-white  without  any  <lark  on  e<lges. 

TyiH',  No.  50031,  U.  S.  N.  M.  (tiel<l  No.  04821)),  a  tine  si»eciuien  9.5  inches  long,  obtaine<l  by  us  at 
Hilo,  Hawaii. 

3/.  nrgiirviHHn  is  relate<l  to  M.  bcnnlti,  but  is  <listingui8he<l  by  the  more  slender  Ixxly,  the  al)eence 
of  black  on  the  opercle,  and  the  i>aler  axil.  It  does  not  apfx-ar  to  Ix?  abundant  and  is  repre»ente<i 
in  our  collections  by  only  8  siK.viniens.  All  the  other  si)eciiiiens  are  taken  as  tx)ty[H«.  The  data 
regarding  each  will  be  found  in  the  following  list: 


Fiehi 
No. 


04X10 

04X7J 
OIViO 


I^Mi^th. 

I>«Mality. 

F'iiial  db^iHusition  of  .specimen. 

Iitrht  it. 

9.0 

1     Ililo 

TviM',  No.  ."lUiWl,  r.  S.  N.  M. 

y.o 

Ilnliolllln.. 

<'<»lvi»o,  No.  7453.  L.  S..Ir.Univ.  Mus. 

ti.  .=» 

: i\n 

('«.lv|^.  No.  Uiyo,  Bishop  Mus. 

0.5 

«lo 

^^^tv|K^  No. 2-2^1,  Am.  Mas  Nat.  lUsi. 

y.o 

!     Honolulu.. 

CotvjK-.  No.  2703,  I'.S.  F.C. 

S.O 

do 

Co^lH.'.  No. .  M.  C.  Z. 

7.5 

! do 

CotvfK*.  No.  yKKi.  Iiid.  Univ.  Muj*. 

y.o 

do 

Cotvpf,  Nu.3lMy.  Field  V^A.  Mu.-. 

16.  Myripristis  symmetricus  Jonlan  tk  Kvennann,  new  sj)ecie8. 

Head  IV2  in  length;  <lepth  2.4;  eye  2.2  in  hea<l;  snout  5;  interorbital  3.8;  D.  x-i,  15;  A.  iv,  14; 
P.  I,  14;  V.  I,  7;  scales  4-30-6. 

B<Kiy  elongate,  deep,  coinpresseil,  gn»atest  <lepth  alx)ut  midway  lietween  origin  of  ventralsand  anal; 
upi)er  and  lower  profiles  evenly  convex;  head  comj)resse<l,  as  long  as  dee{),  its  width  1.7  in  its  length; 
snout  short,  broad,  blunt,  and  steej>;  upiHT  profile  of  head  straight  from  above  nostril  to  occiput;  eye 
very  large,  high,  hardly  impinging  uikjii  the  upin-r  protile  of  head,  its  diameter  greater  than  poetocular 
region;  mouth  very  large,  oblicjue;  mandible  slightly  projecting,  and  reaching  i»osteriorly  to  l)elow 
posterior  rim  of  jmpil;  distal  cxpandeii  extremity  of  maxillary  2.,*^5  in  eye;  8t»veral  enlarged  blunt 
teeth  on  outer  front  e<lges  of  mandible;  te<*th  in  jaws,  on  vomer,  and  palatines  very  tine,  in  l>ands; 
tongue  thick,  iK)inteil,  free;  sulwjrbital  rim  narrow,  finely  .^*rrate;  lower  {K>st4'rior  margin  of  maxillary 
smooth;  Iij>s  rather  thick  and  tleshy;  nostrils  clo.vse  together,  jxisterior  very  large,  close  to  front  rim  of 
orbit;  l)ones  of  head  all  linely  si^rrate;  oj>orcle  with  wi'll-develo|fi*<j  sj»ine;  gill-oiH'iiing  largt*,  filaments 
large;  gillrakers  long,  line,  longest  longer  than  longest  gill-tilament;  j>stm<lobran('hi:i' very  large;  dorsal 
spines  slender,  sharj»,  first  2.7o  in  head,  si^'coikI  2.1,  third  2,  fourth  \A\  tenth  6,  and  last  3.0;  soft 
dorsal  with  anterior  raVs  elevated,  pro<lnce<l  inti>  a  point  which  projtM-ts  l>eyond  ti{»  of  posterior  rays 
when  fin  is  <lepressed,  first  my  1.4  in  head,  third  l..*55,  and  last  3.7'">;  anal  sj)ines  graduati^l  to  last, 
third  enlarge«l,  2.5  in  hea<l,  fourth  2.i>;  soft  anal  similar  to  soft  «lorsiil,  anterior  rays  j)n>duced,  first  1.4, 
thini  1.3,  and  last  4.0;  caudal  elongate,  deej>ly  forked,  the  lol>es  pointe<l,  1.2  in  head,  and  reaching 
slightly  Ijehind  tiy>s  of  ventrals;  ventrals  sharp-pointed,  1.4  in  head,  spine  2.2;  caudal  (KHluncIe 
elongiite,  compressetl,  its  length  1.8  and  its  dej>th  3.2;  scales  large,  finely  ctenoi<l,  diH.'j)  on  middle  of 
side;  lateral  line  running  t)bli<juely  back,  slightly  cur\'eil  at  first,  and  jK>steriorly  along  upj)er  side  of 
caudal  {>eduncle;  4  rudimentary,  slender,  shar|>-jH)inte<l,  graduiiti*<l  rays  along  upi>er  and  lower  edges 
of  caudal;  Si*ales  narrowly  imbricate<l  along  middle  of  side. 

CoU)r  in  alcohol,  i>ale  straw-color;  fins  i^aler,  except  the  anterior  dorsal  and  anal  rays,  which  are 
grayish;  margin  of  oiKjrcle  alxjve  blackish;  axil  of  jn^ctoral  black. 

This  specit^s  was  found  lx)th  at  Honolulu  and  Hilo,  but  does  not  apfK-ar  to  lie  abundant.  Only  4 
specimens  are  in  our  collections: 


Field 
No. 


OlMVi 
04>6I 

01924 


Ix*n>?tli. 


l.,4K'alitv 


Final  di-iMisiticn  of  sin't-iinen. 


5. 5     Hilo TyiH',  No.  riO»»J,  r.  S.  N.  M. 

5.5    do CotviK".  No.  74.54.  L.  S.  Jr.  I'niv.  Mu.**. 

5.5    <lo f'otviK^'.  No.  2704,  ['.  S.  F.  ('. 

5.0  ,  Hom)Iulu OitviH.',  No.  3y.'j0,  Held  Col.  Muv. 
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17.  Flammeo  scythrops  Jonlan  <k  Kvermann,  new  specii*?. 

Head  (measun^l  Ui  end  of  flaj))  2.75  in  length;  depth  3;  eye  .Sin  hea<l;  .snout  4;  maxillary  2.1; 
mandible  1.8;  interorbital  5;  D.  xi,  13;  A.  iv,  9;  tk'ales  5-4t^7,  5  rows  on  cheek;  Br.  7. 

Body  oblong,  rather  Hlender;  dorsal  outline  gently  and  rather  evenly  rurve<l  from  tip  oi  snout  to 
origin  of  Ht)ft  dorsal,  more  nearly  straight  from  tip  of  snout  to  na{>e;  ventral  outline  U^kh  eonvex;  head 
long;  snout  long  and  pointe<l;  maxillary  broad,  with  a  strong  supplemental  l>one  whost*  lower  e<lge 
forms  a  broad  angle;  end  of  maxillary  slightly  concave;  lower  jaw  long,  much  projecting,  tip  promi- 
nent; mouth  large,  not  greatly  oblique;  maxillary  nearly  reaching  vertical  at  i>osterior  line  of  pupil; 
lips  broad,  rounded,  and  soft;  eye  large,  lower  edge  of  i)upil  on  axis  of  Ixxiy;  interorbital  si>m'e  with  a 
broatl,  shallow  groove  between  low  ridges,  one  on  each  side;  space  Ix^tween  ridge  and  eye  with  short, 
curve<l  ridges;  nape  on  each  side  with  a  grouj)  of  8  or  10  short,  sharp  ridges,  diverging  bat'kwanl  and 
ending  in  short,  sharp  spines;  posterior  part  of  supraocular  with  a  patch  of  short  spines;  suborbital 
dentate  on  it«  lower  e<lge;  prtMDrbital  with  2  blunt  prominences  in  front,  a  strong,  reiMirvinl  spine 
lx?low,  ridges  and  spines  on  its  upper  surface;  opercular  lx)nes  all  strongly  striate,  the  stria*  ending 
in  short  spines;  entire  surface  of  interoi)ercle  striate;  operde  with  2  strong  sjnnes,  the  lower  the 
stronger,  its  length  1.6  in  orbit;  preoperde  with^  very  strong  spine  at  angle,  it«  length  nearly 
e<iualing  diameter  of  orbit,  its  surface  striate,  and  its  base  with  a  series  of  small  spines;  under  surfiu*e 
of  dentary  somewhat  roughened;  surface  of  articular  In^ne  much  rougher;  jaws  each  with  u  bnwd 
band  of  villifonn  teeth,  the  outer  series  on  upjKT  jaw  stronger;  a  narrow  series  on  each  palatine  and 
a  patch  on  vomer;  scales  moderate,  the  surfaces  usually  nearly  smooth,  the  edges  linely  ttK)tlKHl;  a 
series  of  strongly  striate  scales  across  nape,  and  a  strong,  striateii  plate  at  shoulder;  lateral  line  well 
developed,  little  arched,  with  alxmt  45  i)ore8;  bases  of  soft  dorsal  and  anal  each  with  serii»8  of 
modified  triangular  scales;  caudal  with  small  scales  on  base  an<l  line  sc-ales  on  membranes,  extending 
well  toward  tips  of  outer  rays;  origin  of  spinous  dorsal  in  aiivance  of  base  of  ixt^toral  or  over  middle 
of  upijer  opercular  spine;  dorsal  spines  in  a  broad,  <leep  groove,  UKKlerately  strong,  middle  one 
longest,  2.3  in  head,  first  a  little  shorter  than  snout,  tenth  more  than  half  eye;  dorsal  rays  longer 
than  spines,  longest  2.2  in  head;  first  anal  spine  very  short,  second  about  3  tiiiK»s  as  U)ng;  third 
anal  spine  very  long  and  strong,  but  little  curvtHl,  reaching  past  lyase  of  anal,  its  length  1.5  in  head; 
fourth  anal  spine  shorter  and  mon^^  slender,  its  length  2.25  in  head  and  etjualing  longest  anal  rays;  last 
anal  ray  nmch  shorter,  IM  in  eye;  pectoral  long  and  slender,  1.2  in  head,  the  tij>  nearly  reaching  vent; 
ventrals  shorter,  etjual  to  snout  and  eye;  (»udal  forked,  the  lol)e«  eipial,  not  strongly  divergent,  their 
length  about  e<iualing  that  of  third  anal  spine;  rudimentary  caudal  spines  5  alK>ve,  4  Ixlow,  strong 
and  sharp. 

Color  in  life,  hea<l  red  above,  paler  on  sides,  nearly  white  IhjIow;  tips  of  jaws  rich  re<l;  side  of 
l)ody  with  about  10  or  12  narrow  yellow  strijK's  sej)arated  by  red  or  rosy  stripes  of  about  siime  width, 
thos<>  l)elow  paler  and  somewhat  purj)lish;  un<ler  parts  purplish  or  [>inkish  white;  the  strifH^s  U^gin- 
ning  at  edge  of  opt»rcle  and  ceasing  at  biise  of  caudal  peduncle,  which  is  rich  re<l  aU^ve,  lK?coming 
paler  on  8i<le  and  below;  membranes  Ixitween  the  first  and  third  dorsal  spines  rich  bloinl-rtMl,  thosi* 
between  other  spines  white  at  Iwise,  each  with  distal  i)ortion  lemon-yellow  in  front  and  red  U'liind, 
last  2  or  3  membranes  with  little  or  no  yellow;  dorsal  spines  pale  rosy,  nearly  white;  soft  dorsal,  anal, 
IHJctoral,  and  ventral  with  rays  rosy,  membranes  pale;  vi'ntral  with  a  little  yellow  at  base;  anal  spines 
somewhat  dusky;  caudal  rich  ])l(K)d-red,  jyaler  distal ly;  eye  nn],  a  narrow  yellow  ring  around  pupil. 

Another  example  (No.  0:^041 ),  much  fadeil,  was  bright  red;  stripes  on  side  e<iually  bright  golden; 
fins  red;  edges  of  dorsal  membranes  pale;  no  markings  evident  on  fins. 

Co\oT  in  life  of  another  examj)le  (No.  03451),  side  with  10  or  11  longitudinal  golden  or  yellow 
bands;  spinous  dorsal  more  or  less  white;  membranes  Ix^twcn^'u  first  an<l  third  dorsal  spines  more  or 
leas  deep  vermilion,  except  the  upper  marginal  portion  lH»hin<l  second  sj)ine,  which  is  white;  a  re<l 
blotch  along  margin  of  membranes  just  U^fore  each  of  the  other  dorsid  si>iiies. 

Color  when  fresh  of  another  s|KH*imen  (No.  034tK)),  violet-rose  with  10  strijyes  of  bright  g(>lden  on 
side;  dorsal  re<l,  mottled  with  golden,  the  first  two  spim^a  deep  red;  soft  dorsiU  an<l  other  fins  rather 
light  red  without  e<lgings,  and  Si-arcely  darker  behind  thinl  anal  spine;  pertx)ral  and  ventnds  pink;  a 
red  dash  across  cheek,  spa<;e  above  and  Indow  whitish;  temporal  region  d<H'{>  red;  iris  rtsl. 

All  thest^  colors  fade  in  alcohol  and  the  fish  Inn'omes  a  jmle  yellowish  white,  the  longitudinal  lines 
on  side  showing  faintly  as  duller  and  brighter  strijH^s  of  yellowish  white;  fins  all  whitish  or  yellowish 
white,  membranes  of  spinous  dorsal  whiter. 
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The  above  description  from  the  type,  No.  50633,  U.S.N. M.  (field  No.  03488),  a  specimen  9  inches 
long  obtained  by  il**  at  Honolulu.  An  examination  of  our  laqore  j«eries  of  n>types  shows  but  slight  vari- 
ations, the  characters  appearing  quite  stable.  In  some  examples  the  upper  oi>ercular  spine  \»  the 
larger,  in  others  the  2  are  equal;  in  2  examples  we  find  3  oi>en"ular  spines. 

This  species  ha.s  been  several  times  calle<l  Ihtloceutrum  nrgenlmm.  The  species  des<*ribed  under 
that  name  by  Quoy  *?t  (Taimanl  irom.  New  (iuinea  reseml)les  this  in  the  slender  Ixxiy  and  general 
coloration,  but  differs  in  having  the  lower  jaw  included,  eye  much  smaller,  mouth  smaller,  and  the 
preopercular  spine  weaker.     It  was  pmbably  intended  for  some  species  with  the  lower  jaw  include<l. 

JlolocnUrns  Here  Lesson,  from  Tahiti,  is  more  likely  to  l>e  the  prt»sent  fish.  It  is  figured  as  elon- 
gate, with  the  spinous  dorsal  low  and  the  opercular  spines  equal.  The  plate  is,  however,  too  rough  to 
permit  certain  identification  and  approa<-hes  almost  as  closely  to  HoUM-ciUruJi  diploj-iphuj*  as  to  Flammeo. 

This  is  one  of  the  most  abundant  spiH^ies  in  the  markets  at  Honolulu  and  Hilo.  It  reaches  a 
length  of  8  to  10  inches.  Our  cx)llections  contain  the  following  specimens,  a!l  of  which,  except  the 
first,  are  taken  as  cotypes: 


Field 
No. 


Length.     Locality 


0&488 
09(M1 
0&t5] 
08190 

01925 
(H926 
CM927 
01928 
01949 
Of9&l 

04956 

04957 
04^H 
04959 
04964 


9.25 
8.00 
8.50 
8.50 

8.IS 
10.00 
9.00 
9. -25 
6.25 
8.75 

8.75 

7. -25 

S..T0 

7.50 
9.00 


Honolulu. 

do 

do 

HUo 


do  — 

<lo 

do 

do  — 

Honolulu. 
do 

do 

t     •     •     ■     •  V4"    r      •     •     •     ■ 

do 

do 

do  — 


FinAl  dl*.pos.iiit)n  of  speii- 
men. 

Field 
No. 

Lenjrth. 

LocHlity. 

Final  disposition  of  spei'i- 
men. 

Type.  No.  ottJSi.  V.  S.  N.  M. 

OlVMo 

8..T0 

Honolulu. 

Cotype.  No.  7456.  L.  S.  Jr. 

Cotype. 

Univ.  Mug. 

Coiype.  N<».  — .  M.  ('.  Z. 

OVJ^\ 

N.50 

do 

C<»t>-pe.  NO.2705.U..S.  F.C. 

Cotype.  No.   74-'>5.    L.  S.   Jr. 

04yr;7 

7.50 

do 

Cotype.  No.  •2705.U.S.  F.C. 

Univ.  Muii. 

im*K> 

8. -25 

do 

Colvpi',    No.    24214,    Ac. 

Do. 

Nat.  St±.  PhilA. 

ho. 

i>49i;y 

7.  .50 

do 

Cotype.    No.   2285.    Am. 

Col\-pe.  No.  1491.  CjiI.  -Vf..<<i. 

Mus.  Nat.  Hist. 

('ot>-pe. 

U19T0 

^..^0 

do.... 

Cotype.  No.  7456,  L.  S.  Jr. 

Cotyjie.No.SSirr.  Field  Col.Mu'^. 

Univ.  Mus. 

Coty^K.'.   No.  71.>;.   L.   .>.  Jr. 
I'niv.  Mu*. 

04971 

7.75 

do.... 

Do. 

01972 

7.75 

do 

Do. 

Cntvpe,  No.  9>OI.  Ind.  Univ. 

W97:i 

8.75 

do 

Ik). 

M'us. 

(M974 

8.75 

do....i 

Do.                       ; 

Cotype. 

04975 

8.00 

do.... 

D«>. 

Cotype.  No.  1«»1,  Bu^hop  Ma*;. 

0497f. 

5.  W 

do 

Do. 

Cotvi)e. 

04y77 

7.00 

do 

ivo. 

Cotype.  No.  50<»4.  U.  S.  N.  M. 

Oiy^H           9. 00 
LXX.   1900.   492   . 

do 

Honolulu  ar 

Do. 

Lchiier.  l)enk>.  .\k.  Wi-v*.  Wien, 

id  I^y!<ant:  not  of  Cuvier  Ac 

Valeiiciennei*. 


18.  Holocentrus  xantherythms  Jonlan  ^^:  Eveniiann,  new  sj)ecies. 

Head  2.S  in  length;  depth  .S:  eye  3  in  head:  snout  4;  maxillary  '2.7;  interorbital  5;  D  xi-14; 
A.  IV,  10;  scales  4-47-8. 

Bo<ly  elongate,  compressed,  greatest  depth  alx)ut  l)ase  of  ventral;  upper  pn>file  steep;  lower 
profile  nearly  horizontal;  head  compresse<l,  its  depth  alxuit  1.2  in  length,  width  2.25;  eye  lar^,  high, 
impinging  ui>on  upper  profile  in  front,  anterior,  and  a  little  less  than  fM>stocuIar  region;  snout  short, 
pointed,  its  upper  profile  obliquely  straight;  jaws  rather  large,  sul)e<:jual;  maxillar\'  reaching  l)eyond 
front  margin  of  pupil  or  to  first  third  of  eye,  its  dii«tal  exj^nded  extremity  2.7  in  eye;  supplemental 
maxillar}'  largt*;  lips  rather  thick,  fleshy;  teeth  small,  short,  in  rather  broad  l>ands  in  jaws  and  on 
vomer  and  palatinet^;  tongue  elongate,  pointeil,  free  in  front;  nostrils  close  together,  i)osterior,  a  deep 
cavity  in  front  of  middle  of  eye;  interorbital  space  brr»ad,  very  slightly  concave;  preorbital  with  a 
large  spine  in  front,  its  margins  serrate;  suborbital  nam)W,  with  finely  serrate  margin;  preopercle 
with  a  large  dagger-like  spine  at  lower  angle;  oi>ercIe  with  2  similar  spines  cm  upper  margin,  upper 
one  much  the  larger;  lx)nes  of  head  with  serrate  margins;  gill-opt-ning  rather  large,  filaments  and 
peeudobranchijc  well  develope<i;  gillrakers  short,  comprt*sse<l,  few,  and  much  shorter  tlian  longest 
filaments;  fleshy  axillary*  flap  small;  dorsal  spines  shari>-jK;)inte<l,  first  3.2  in  head,  sei'ond  2.8,  third 
1.9,  last  7;  anterior  dorsal  rays  high,  second  2.4  in  head,  thinl  2.2,  last  6.5;  thinl  anal  spine  ver>' 
large,  not  reaching  beyond  sr»ft  rays,  1.7  in  hea<l,  fourth  2.25;  anterior  anal  rays  longes^t,  first  1.75  in 
head,  seix^nd  1.9,  last  6;  caudal  rather  small,  dt*eply  forktni;  j)ei'toral  small,  l.(>  in  head;  ventral 
sharp-pointed,  1.4,  spine  2;  caudal  pe<luncle  elongate,  i*ompre<s<eil,  its  length  2.1  in  head,  depth  4; 
scales  rather  large,  ctenoid;  lateral  line  nearly  straight,  running  obli^juely  down  along  upper  side  of 
caudal  peduncle. 
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Color  ill  life  (No.  029S9),  t>ri};ht  iv<|,  l)t»lly  iimri*  or  k»SM  Hilvory;  alxnit  10  narrow  Inii^itmlinal 
silvory  HtrijH»H;  upptTina**!  pinkish;  Hi«U»  of  heiui  nilwry  with  piukiwh  shadtv;  a  white  ntrijK^  fnmi 
preorhital  to  Uuh»  of  pri'oi)en*ular  spino;  npinous  dofHiil  ilet'p  hmI  witlioiit  streakn  or  hhuk  inarkinj:,  a 
white  sjMit  Itehind  tin<t  and  wvtimi  spines  at  Imtje,  tii>s  of  thini  to  seventli  sjiines  whitish;  soft  dorsal, 
anal,  i-amlal,  and  iM.vtoml  plain  ])ink;  anal  with  nienihrane  of  third  spine  and  first  H)ft  ray  deep  red; 
ventral  pink,  spine  an<l  first  soft  ray  white,  siTond  soft  ray  det^p  nnl  anteriorly,  iM»steriorly  w  hitish. 

Another  example  (No.  (KiUM  ),  was  row*  nnl  when  fresh,  with  aUmt  10  very  faint  Ii>i:ht  rosy  streaks 
alon^  n)W8  of  .»*eak»s,  tlK»se  nineh  k»ss  di.'ttinet  than  in  other  siKHties;  elwek  rosy  with  one  hnKid 
obliiiue  white  tmnd;  dorsal  plain  rhI,  the  tnend>rani«  fading  to  white,  no  light  striiies  on  dark  aresu<; 
other  fins  ]>lain  light  red;  membrane  of  fourth  anal  spine  not  darker;  iris  ))ink. 

Another  exani)>Ie  (field  No.  (KMliT),  di»ep  i-rimson  when  fn»sh,  with  10  narn)w,  shari>Iy  defined, 
white  strijH»8  along  rows  of  soaU»s;  an  oblique  white  strijH*  Ih'Iow  eye  fn)m  snout  to  baw*  of  preojKireular 
8pine;  dorsiil  clear  <Uh.»p  re<l,  (*loude<l  with  tlarker;  st>ft  dorsal,  caudal,  and  anal  light  bright  rt^l; 
mend>rane  l)etwivn  thini  an<i  fourth  anal  spines  blootl-nul;  jKH'toral  dwp  nil;  veutrals  rt^l,  s]>mes 
white,  their  niembnuu^  bltMHl  rinl. 

Color  in  aln»hol,  pale  bn)wn  or  bn)wnish  while,  waslu*<l  more  or  less  with  silvery  or  brassy 
white;  side  w  ith  9  or  10  longitudinal  white  strijK»s;  fins  pale. 

This  siHM'ies  h*  n*latetlto  IhtUHriUnmcmifir^  differing  mainly  in  tlu»  pnwMUf  of  two  well-* levelojKHl 
spines  on  the  up{KT  margin  of  the  oiM>rele.  It  is  one  of  the  most  abundant  of  the  family  in  Hawaiian 
waters.     It  is  represi'nteii  in  our  eolkrtions  by  40  examples,  jis  follows: 


Kiuul  diK{H).siUon  i>f  nikm*!-      '    Fivhl 
iiu'ii.  No. 


Inrfnit. 


UUtil  I 


(i        ,  Honolulu.    Tvi»0.  No.  THKir).  r.  S.  N.  M.  '     (MJ-JT 

»i.  n    I dt» Cot  VIM',  Nt».  .'HNiiu;,  r.  S.  N.  M.  ' 

.>.:>   I iio cotViH.'. N«».27(n..  r.  s.  F.  r.  i    oi«,»mi 

!.:>    ilo....    t'otviK'.   No.   -.VJol.  Ficlil   C«»I.  OU>:is 

>fu^.  (HOoy 

.\lV»    «lo i'otv|K\  No. 7I.'»7,  L.S.Jr.  I'niv.  OlVh»0 

,                             Mu-i.  I    iU\H\\ 

r..ri    «lo ,           l>o.  ,1     IM'.MO 

,'».  7:>    «lo ColvjK'.  N(».  Iti'.rj.  Hishi»|.  M \is.  OUW) 

.•..7:>    ilo....    <'otvjK'.  No. .  M.r.  /.  '    OIJ.W 

."»         do C«ilviH',    Ni>.   JJv;.    Am.  Mus.  !    iM'l'M 


lA'iiKth.    l^K'iiIily. 


IlU'tltlt. 

0. 5 


Nnt.  II iM. 


I 


01-211 


.\7.>    do....    CotviK'.No.jrjl  \  .\r.  Nat.Sri.    j    Oiy7K 

I     IfcVJd') 


(i.  > 


•tyiK'. 
I'hila. 
..do  ....    CoiyiM-.  N«».  •.•7;r..  r.  s.  F.  c. 


•  I.  •! 

.').  ."> 

r    **T 

it,  it 

x  7:> 


Final  «ll*«|Ntsiti«iii  uf  .K|HM'i- 
lacn. 


Honolulu.    ('oiv|H'.Nu.ifcs<i\  Intl.  Tniv. 
Nfns. 

do ,  ('oiyiK',N«>. ir.rj.r«I..Vr.S'i. 

W.lh  [ di» 

<i.  2.'>    <lo 

do 

t  •  •  •  •  *  ft'  '  •  ■  •  • 

Kuilua  ... 

Ilontilulu. 
«lo 

KaiUm  ... 

do 

•t.l'y  I  liointlulu. 
."). r»      <lo  . . .. 


I 


.Vnd  ir> other  o.xauipii's  from  llunolulu.  Rin^'inK  in  K>nis'ili  from  1  U)  <!..'»  inches. 


19.  Holocontrus  ensifer  Jordan  iV:  ICvermann,  new  sfteeii^s. 

lleiid  o  in  length;  depth  *J.7;  eye  ;►  in  head;  Hin>ut  ;».r»;  maxillary  lMi5;  inten>rl>ital  '»:  1>.  xi,  15; 
A.  iv,  11;  r.  I,  14;  V.  i,  S;  scales  4-17-8. 

Binly  elongate,  compn»ss4Ml,  gri'atest  depth  at  ventml  fin;  uj^ht  profile  <ltHide<lly  more  convex 
than  lower;  head  compri'ssed,  much  k)nger  than  deep,  |M)inted,  its  width  a  litth'  more  tlian  half  ita 
length;  eye  nuMlenite,  alMUit  1.2  in  i»ost»H*ular  part  of  head,  an«l  ^lightly  impinging  u|M»n  upjK'r  profile; 
snout  pointinl;  mouth  imxlerale,  oblitpie;  maxillary  broad,  with  large  supplemental  Imuic  di.<tally, 
t»<|ual  to  half  diameter  of  eye;  lips  tliiek,  fleshy;  teeth  minute,  in  broad  bands  in  jaws,  and  <»n  vomer 
ami  i»alatint»s;  tongue  pointiil,  free  in  front;  n(»stri Is  close  together,  iM>sterH>ra  large  cavity  with  s^^v- 
end  small  spiniv  pngi't-ting  over;  pn*orbital  with  2  large  strong  spines  aii<l  alnjul  <>  strong^'i  rations  on 
its  margin;  sulK»rbital  rim  narrt>w;  bones  of  hea«l  all  mon»  or  less  linely  serrate,  the  ojH'rcle  alH>veand 
pnHH»ercle  K'low  i»ach  with  a  long,  strong,  dagger-like  spine;  interor)»ital  spate  broad,  very  slightly 
concave;  a  fleshy  axillary  flap;  gill-oiK'uing  large,  filaments  nio(U«nitely  long,  much  longer  than  gill- 
rakers  which  an»  eompn»sseil  and  not  very  numenuis;  ps4'U<lol»nin<'hiji'  large;  spinous  dors;il  long, 
UKMubnuie  lK'twiH»n  spines  not  much  incisiMl,  fii>t  2.2,  setond  2.1,  thini  2,  Uinl  4.2;  anterior  do rssd  rays 
longi-st,  fourth  l.S,  last  7.r>;  thini  anal  spine  largt'sl,  1.7''»,  fourth  2.:{;  soft  anal  similar  to  soft  tlorsal, 
thini  spine  not  niiching  Ivyond  rays;  caudal  nitluT  small,  forked;  |N'ctoraI  !.:>;  ventral  1.4,  spine  2; 
caudal  |K»<luncle  i'ompn*:*H'<l,  its  length  2.2,  tleptli  4;  srak»s  nither  large,  <tenoid:  lateral  nne  an-lieil 
a  little  at  first  ami  running  down  oblu|uely  on  upper  side  of  taudal  ikmIuiicIc. 
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Color  in  life,  bright  re<i;  side  with  atx>ut  S  yellow  longitudinal  liand^:  spinour?  <lonfal  vennilion 
tingeil  with  yellow:  soft  dorval  n»?*y  with  fnmt  uiaivin  white  and  l»eliind  thisaUiw,  re<l:  anal  whitish 
with  red  lK*tween  thini  spine  and  tirst  ray:  eaudal  re<l,  niargine*!  aUive,  and  along  the  einargination 
with  whitish;  ptx-toral  whitish  with  ri**!  lines:  ventnil  n>sy  with  front  margin  white. 

Another  example  ttieM  No.  t>34o4K  in  life  had  yellow  ami  rwl  lon^ntudinal  liands  alK>ve  and  yel- 
low and  white  below:  spinoik'  dorsal  vermilion,  other  tins  ixfl  with  white  Ininlers.  Another  (field 
No.  0:^472 »,  was  brilliant  s<iirlet  reil  with  11  golden  slreiiks  alontr  rows  of  Si-ales,  upi>er  4  broadest,  and 
third  and  fourth  ni<")sl  distinct  and  obli^jue:  a  white  or  goMen  streak  am »ss  ehet^k ;  tins  plain  searlet 
without  dark  i>atehes.  CoU»r,  when  fresh,  of  anotluTsiHH-imen  ( tieM  No.  (UU^*,  bright  re<l  verging  to 
scarlet;  side  re^l,  with  4  golden  stri|»es  along  luiok  and  ^  silver  striiK*s  l»elow  these,  golden  and  silver, 
ver}*  bright;  head  crimson:  a  white  l>and  on  cheek:  spinous  dorsal  det*p  sc-arlet  with  crims<»n  etlge; 
soft  dorsal  light  crimson  with  a  white,  then  a  dark  crims«»n  eilgi*:  cau<lal  bl<HKl  re<l.  etlge<i  alxive  and 
below  with  white,  posterior  part  of  tin  abruptly  fiale:  anal  with  i»ale  spim^,  then  bh»od  re<l,  then 
pinkish;  ventral  with  white  spine,  then  dark  re<l,  then  pink:  i:»ei'toml  light  re<l,  axil  deep  reii. 

Color  in  alcohol,  jiale  brown  or  bn.)wnish  white,  the  longitudinal  liands  on  sides,  together  with 
scales  on  cheeks  and  oj>ercle,  silvery:  tins  |»ale. 

This  sjtecies  was  obtaineil  by  ib«  at  Honolulu  and  Kailua,  and  api>e:irs  to  Itecoiiinion  at  the  former 
place.     The  collections  otntain  the  following  s|H*cimens: 


Field' 


OM7-2 

(M9L>9 

01930 

04981 

I  04960 


I 

l>enKth.,   Lm-ality.      Fiiml  ili-|»iisitiim  of  >|nfim«*n. 


fm'htf. 

(i  '  Honolulu.    TypK*.  No.  .TOi37.  r.  S.  N.  M. 
6     KailuH  ...    Coiyjie.    Nt>.   74•^\    L.    S.    Jr. 

I'niv.  Mu*i. 
K.T5     Honolulu,    retype.  No.-TU^i.  l'.  S.  K.C. 

S.5    I ilo 0»lvf»e.  No.  ItftKJ.  Bi>hoii  Mu>. 

S       ! do TotyiK'.  No. .  M.  «'.  Z.     • 

S.T5  j do ,  CmIvik.'.    No.   i>7.   Am.  Mus. 

Nat.  Hist. 

i 


^^y]'^       UuiiXh.      l>HMlity. 


OI»M 


Finnl  dis|Mi!*ition  <if  >peei- 
men. 


Inrh*  n. 


H<»n<»lulii. 


Cotype.   No.    24ilfi.     \v. 

Nat.  .<ci.  I*hil«. 
y.7.'»    do Cotypt*.    No.    yNJ6.     Ind. 

rniv.Mu*. 
v^.5     do C'ot.viK*.    No.  3*»2,   Field 

Col.Mu?. 


Family  CAK.WGID.-E.     The  Pampanos. 

20.  CarangxLs  elacate  .Ionian  iV  Evennann,  new  sj»ecies. 

Head  o.6  in  length;  ilepth  8.4:  eye  4.5  in  hca<l:  .^nout  ."^.S:  intcrorbital  .S.Siu  snout:  maxillary  2.1; 
preorbital  S.5:  mandible  !.!♦:  1>.  vii-i.  19:  .\.  ii-i,  IH;  S4Uti'S  l*s. 

Bo^ly  slender,  compressiil.  imt  gn»atly  clevatc<l:  snout  rather  short,  protile  asiendinir  to  na|«  in  a 
gentle  curve,  slightly  trenrhant:  m<juth  larirc,  >lightly  oblique:  lower  jaw  «<imewhat  projecting;  max- 
illary reaching  iKi.'^terior  ctige  of  orbit,  its  width  at  tip  l..>  in  orbit:  supplemental  maxillary'  well 
developer!,  its  width  .S.2o  in  entire  width:  gai>e  reaching  vertical  of  iK>sterior  e«lire  of  pupil;  villifonn 
teeth  on  vomer,  palatines  and  tongue,  tln»>e  on  jaws  in  a  single  n.>w,  small  and  somewhat  c-auine-like; 
eye  largi',  anterior;  adijH>st»  eyelid  stn>ngly  develoi)e<l  l»ehin<i;  supraoi'ular  region  with  two  ridges, 
extending  to  humeral  region,  the  lower  the  stronger;  jx>sterior  lialf  of  Ixnly,  lieginning  at  origin  of 
soft  donal,  long  anil  gently  taj>ering  to  caudal  peiluncle:  caudal  iKNhuicle  nmch  depn^ssetl,  its  least 
depth  Si-ari-ely  half  its  least  width;  distan«-e  from  liase  of  last  dorsal  ray  to  origin  (»f  caudal  tin  equal 
to  snout  and  pupil:  tins  small;  r»rigin  of  .spinous  <lor8aI  jK^sterior  to  base  of  |)ectoral  by  a  distam-e 
equal  to  eye;  longt^st  donal  spine  slightly  grt»ater  than  snout:  anterior  rays  of  soft  dorsiil  somewhat 
produtt^l,  alxiut  1.8  in  heati;  anal  similar  to  s<.>ft  <lorsal,  ib*  origin  under  eighth  soft  dorssil  ray,  anterior 
ray  pn>luceil,  but  s^-an-ely  equaling  longest  soft  doreal  rays;  caudal  widely  f«>rke<l,  lobes  ap}iarently 
equal;  pectoral  long  and  falcate,  reachimr  juL^t  origin  of  anal.  exaH*<ling  head  in  length  by  0.65  diameter 
of  eye;  ventrals  short.  *2.4  in  heail:  scales  rather  large,  a  low  . •sheath  at  l>a.«HM>f  si>ft  dorsal  and  anal 
anteriorly;  breast  entirely  s<-ali^l;  lateral  line  stnmgly  art-heii  al.H»ve  i»ectoral,  joining  straight  j>ortion 
under  sixth  dorsal  ray,  chonl  of  an.'lie«l  i>ortion  l.»>  in  straight  |>art. 

Color  in  alcohol,  nL-^ty  olivac^nnis  alnn-e,  jvaler  on  side  lx4ow  lateral  line,  l»elly  white;  top  of  heail 
dark  olive,  side  an<l  lower  jaw  lighter,  with  stning  brassy  tinge  on  pK«it*K-ular  and  on  lower  }>ortioiis 
of  oi»ercle:  lower  jaw  pn^fusely  covere<l  with  tine  brown  jM.iints;  a  Idack  s|Hit  at  upjuTend  of  »»peri*ular 
0})ening;  axil  black;  vertical  tins  all  more  or  less  dark:  pnMluce«l  i»art  of  S4.»ft  dorsal  almost  black,  low 
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part  of  soft  <lor8al  black  at  Imise,  then  ligliter,  narrowly  ti}>]»e<l  with  dark;  anal  <lark  brown,  with  a 
Bubtenninal  strijx'  of  yellowish  white  alonjr  wlj?e  of  fin;  j>ei'toral  and  ventralH  pale. 

The  al>ove  d(*scription  bai*e«l  njMm  the  tyi>e,  No.  50638,  T.  S.  N.  M.  (tield  No.  04452),  a  larpe 
exami)le  27  inches  long,  from  Honolulu. 

This  speities  somewhat  resembles  Carmi(piJi  nianjinnfHify  from  which  it  differs  in  the  nmch  more 
slender  Ixxiy,  larger  eye,  and  <lark  anal  fin.     The  ty{H»  is  the  only  examjde  obtaincnl 

Family  SEKRANII).4v.     The  Sea-basses. 
21.  Pikea  aurora  Jonlan  &  Kvemiann,  new  sjHM'ies. 

Head  2.5  in  lenjrth;  depth  3;  eye  5  in  head;  snout  4;  interorbital  <>.2;  maxillary  2.25;  I),  viii, 
13;  A.  Ill,  8;  scales  5-55-22;  Br.  7;  jrillrakers  short  an<l  rather  weak,  alnrnt  9  •  5. 

Bo<iy  moderately  stout,  the  back  slightly  elevated,  hi'ad  rather  long  and  p(»nte<l;  snout  depressed, 
the  anterior  pn>tile  nearly  straight  from  tip  of  snout  to  (H'<'iput;  mouth  large,  maxillary  rea<'hing 
posterior  margin  of  puj)il,  supplemental  lK>ne  not  develoi>ed,  the  tip  bn>a<l,  1.5  in  orbit;  mouth  some- 
what oblique,  the  lower  jaw  strrmgly  projecting;  t(H»th  in  broiKl  villiform  l^ands  on  jaws,  vomer,  and 
palatines;  tongue  naketl;  eye  mcnlerate,  high  up,  chiefly  al)ove  axis  of  IkmIv;  anterior  nostril  in  a  short 
tul)e  at  cnlge  of  prenasal;  [)Osterior  nostril  small,  nmnd,  near  upiKT  anterior  inlge  of  orbit;  (Mlgi»  of 
preo[)ercle  slightly  dentate,  espwially  on  lower  arm;  oiR^rde  ending  in  a  bntfwl  flap  with  a  weak,  flat 
spine;  peeudobranchia*  rather  small;  int^irorbital  low,  very  little  convex;  caudal  peiluncle  .''tout,  com- 
pre8»e<l,  and  very  deep,  the  depth  e(]ualing  snout  and  eye;  fins  rather  small ;  origin  of  dorsal  posti*ri«)r  to 
that  of  i)ectoral,  slightly  nearer  Iwise  of  last  ray  than  tip  of  snout;  dorsal  spines  low  and  weak,  the  thini 
longest,  3.6  in  head;  soft  [portion  of  <lorsal  sr^newhat  elevate<l  an«l  ixnntAHl,  with  longest  niy  1.9  in  he^l; 
anal  similar  to  soft  dorsal  but  smaller  and  somewhat  iM)sterior,  fifth  ray  2  in  heiul;  caudal  truncate  or 
slightly  lunate;  ventrals  short,  not  nearly  reac*hing  vent,  their  length  1.75  in  head;  iK^rtcjral  rather  long 
and  slender,  reaching  origin  of  anal,  its  length  al^nit  1.4  in  hea<i;  scales  rather  small,  finely  ciliat4.», 
somewhat  loose;  entire  head,  excej)t  interorbital,  snout,  and  under  parts,  s<-aled;  latenil  line  well  devel- 
oped, comi)lete,  with  a  stnmg  arch  alx3ve  the  pectoral  and  distinctly  decurvtMl  under  last  dorsal  ray. 

Color  in  life  (field  No.  0:^:^42),  top  of  hea*l,  upi)er  half  of  anterior  jiart  of  IxmIv,  and  whole  |)osterior 
half  of  bo<ly  j)ale  rosy;  lower  j)art  of  head,  and  lower  parts  of  ant(?rior  half  of  lH)dy  white  with  faint 
rosy  wash;  top  of  hea<l  and  luwrk  in  front  of  dorsal  verniiculat^Ml  with  grt»enish  yellow  lines;  middle 
jHjrtion  of  uj)per  jaw  yellow  with  a  broad  sulphur-yellow  strii>e  from  it  to  eye,  then  back  of  eye  to 
opennilar  opening;  a  narrow  sulphur  strij^e  on  j)osterior  e<ige  of  maxillary  and  i-ontinui^l  interruptiHlly 
downwanl  and  l)ackwanl  across  cheek  to  opt^rcle;  a  few  small  yellow  sjiotw  a<Toss  cheek  lx*twiHjn 
the  two  stripes;  ti[)  of  lower  jaw  yellow;  yellow  of  Iwick  in  alKmt  (>  indefinite  lines;  dorsal  pale  rosy, 
spinous  part  greenish  yellow  at  base,  this  extending  toward  tip  jMisteriorly  and  fonuing  a  submarginal 
yellow  stripe  cm  soft  part,  narrowly  lx)rdenMl  alM)ve  by  rosy;  n»st  of  fin  rosy;  caudal  dark  rosy,  paler 
tf)ward  tip,  then  with  bla(;kish  red  inlge,  a  grtH»nish  yellow  striin.'  along  upiK»r  and  lower  margins  nar- 
n)wly  tHlge<l  with  rfw?y;  anal  yellow  anteriorly,  n'st  of  fin  jwde  rosy;  {>ec^toral  and  ventrals  pale  n>sy; 
yellow  of  lower  jaw  Inmnded  by  rosy,  rest  of  jaw  ami  chin  whitish;  some  examples  with  iM>sterior 
half  of  side  with  s<'attere<l  small  greenish  yellow  sjmts,  these  extending  on  caudal;  eye  with  a  broad 
brown  bar  through  the  micMle,  white  above  and  l^elow. 

Color  in  alcohol,  jiale  yellowish  white,  lighter  1k»1ow;  Inxly,  esiH'cially  jxKsteriorly,  caudal,  and  soft 
dorsal  fins  with  numerous  small  distinct  brown  spots;  hetul  pale,  a  white  line  extending  along  up{H^r 
edge  of  maxillary  and  acToss  cheek  to  ojwrcular  o{)i^ning,  a  similar  but  less  di.^tinct  white  Hih'  from  t»ye 
to  upper  edge  of  gill-o[)ening;  between  these  2  a  few  white  sjK'cks;  all  the  fins  except  cauiial  and  soft 
dorsal  plain  yellowish  white. 

Four  specimens  of  this  interesting  and  hamlsome  sjuH'iiw  were  obtaintHl  by  us,  2  at  Honolulu  and 
2  at  Hilo.     Four  others  are  in  the  collection  nuuU?  at  Honolulu  in  1898  bv  Dr.  \Vo(m1. 
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22.   Anthiaa  kello^^  Jordan  «fe  Everiuann,  new  sjHH'ies. 

Hea<l  2.5  in  length;  depth  2.5;  eye  4.5  in  head;  snout  3.6;  maxillary  2;  interorhital  5.4;  I>.  xi,  15; 
A.  Ill,  7;  P.  15;  sc-ales  4-36-10;  gillrakers  IH  -4. 

Body  short,  <ieep,  and  compres!«e<l;  dorsal  rmtline  greatly  art'he<l,  j>rutile  from  orij?in  of  spinous 
dorsal  to  tip  of  snout  nearly  straight,  l>eing  *rently  concave  over  inten)rl)ilal  sj^ace;  ventral  outline 
nearly  straijjht;  caudal  {)e<luncle  c<»nipressiHl,  its  jrreatest  depth  '.\  in  hea«l;  head  lonjrer  than  deep; 
snout  bluntly  jM^inte*!,  lower  jaw  prominent,  slightly  the  longer:  mouth  large,  nearly  horizontal;  a 
narrow  band  of  small,  shar]),  conic  teeth  on  palatines,  a  small  pat<-h  on  vomer,  a  band  of  canliform 
teeth  on  upper  jaw,  a  narrower  l>and  in  lower  jaw;  several  largi*  canine  teeth  in  each  jaw  anteriorly, 
3  of  these  close  together  on  mi<ldle  of  each  side  of  lower  jaw,  tlu*se  ho<»ke<l  backward;  6  or  8  large 
pores  on  lower  side  of  mandible  and  several  on  upper  j>art  of  snout;  maxillary  reat-hing  to  j>osterior 
edge  of  orbit,  its  greatest  wi<lth  1.5  in  eye;  e<lgt»  of  preoj»en'le  alnive  angle  and  t^ige  of  opercle  below* 
the  upper  middle  of  Iwse  of  {XM'toral  <lenticulate;  2  bn^ad  of>ercular  spines,  the  uj>per  the  larger;  eye 
anterior,  its  lower  edge  on  line  with  uppi»r  l>ase  of  i)ectoral;  tins  large,  the  stvond  soft  dorsal  ray  and 
upper  rays  of  upj)er  cau<lal  lobe  l)eing  pro<lu(vd  ea^'li  as  a  filament,  the  dorsal  filament  l^eing  produce<l 
half  its  length  l)eyond  rest  of  fin;  dorsal  .^j>ines  stout  an<l  strong,  the  first  spine  2..S  in  thircl,  the  fifth 
l^eing  the  highest,  2.5  in  head;  base  of  spinous  dorsal  1.15  in  hea<l;  bai*e  of  soft  dorsal  2.3  in  head,  its 
fourth  ray  3.5  in  head,  the  last  ray  1.4  in  fourth;  cau<lal  truncate,  the  lower  rays  ppHlucetl  slightly  as 
a  filament,  but  not  nearly  s<_>  long  as  the  upi)er  lol)e;  Si*cond  anal  spine  longest,  2.5  in  head;  second 
soft  ray  longest,  2  in  head;  i>i»ctoral  very  long  and  large,  reaching  to  origin  of  soft  anal,  the  eiirhth 
and  ninth  rays  from  the  top  the  longest,  1.4  in  head;  s«-al(»s  large,  finely  ctenoid,  in  regular  series; 
entire  Ixxly  and  hea<l  scaled;  l>asal  iKjrtion  of  all  fins  except  spinous  dorsal  with  small  scales;  lateral 
line  strongly  convex,  not  concurrent  with  the  dorsal  j»rofile,  I  becoming  straight  on  middle  of  caudal 
peduncle;  one  row  of  scales  Ix'hind  tip  of  last  dorsal  ray. 

Color  in  alc<:»hol,  f»ale  brown,  the  tins  lighter;  in  life,  red. 

Only  three  si)ecimens  of  this  s|x?cies  were  obtaine<l,  all  having  Ix^en  taken  with  the  hook  in  deep 
water  off  Kailua,  in  si»uthwestern  Hawaii.     It  is  allie<l  to  AiUhiaj<  jnjp^niicus  Steindachner  <fe  Doderlein. 

Nametl  for  Dr.  Vernon  layman  Kellogg,  profcss<ir  of  entomology  in  Stanford  University. 


Sjj^'         Length.      I>N-ality.  Final  di.-fKtsition  of  >pe<iineii. 


av.>7*<  7.  :.'>     offKailim    TvfK-.  N...  .Vi»V4J.  l'.  S.  X.  M. 

CCiTWi  s         'U* rotvi«'.  No.  lUAK  L.  S.  Jr.  Univ.  Mns. 

(iV277  S..S     iio roiviK.  No.  jTii.  r.  .<.  F.  r. 


Family  APOGOMD.^.     The  Kint;  of  the  Mullets. 
23.  Apog'onichthys  waikiki  Jonlan  ik  Kvennann,  new  species. 

Heail  2.4  in  length;  depth  3;  eye  3.2  in  hea<l;  snout  4.6;  interorbital  6;  maxillary  2;  I),  vii-i,  8; 
A.  II,  7;  scales  2-24-5. 

Botly  short,  stout,  and  compresse<l;  <lorsal  outline  strongly  arche<l  from  tip  of  snout  to  jM^sterior 
base  of  soft  dorsal;  ventral  outline  comparatively  straight  from  tip  of  man<lible  to  origin  of  anal;  vent 
immediately  in  front  of  origin  of  anal;  caudal  j^e^luncle  deep  and  compresscMl;  head  rather  large; 
mouth  large,  slightly  oblique,  jawseijual,  maxillary  reaching  posterior  e<lge  of  pupil;  eye  rather  small, 
slightly  above  axis  of  IxmIv;  intenirbital  spacv  narrow,  little  convex;  opercular  and  preorbital  liones 
entire;  a  l>and  of  small  villiform  tt»eth  in  each  jaw,  and  on  vomer  and  palatines;  fins  mo<lerate,  origin 
of  spinous  dorsal  nearer  ba.<»e  of  last  soft  ray  than  tip  of  snout;  first  donail  spine  very  short,  second 
about  half  length  of  thinl,  which  is  equal  to  eye  an<l  snout;  l»ase  of  soft  dorsal  e<iual  to  depth  of 
caudal  i^eduncle;  longest  <lorsal  rays  2.25  in  hea<l;  cau<lal  rounde<l,  its  length  1.75  in  head;  origin  of 
anal  slightly  iKtsterior  to  that  of  s^)ft  dorsal,  its  longest  rays  2.4  in  heail;  pectoral  slender,  reaching 
past  origin  of  anal,  its  length  1.5  in  head;  ventrals  short,  Imrely  reaching  origin  of  anal,  their  length 
nearly  2  in  head;  .'H'ales  large,  weakly  ctenoid,  firm  and  somewhat  deei>er  than  long;  lateral  line 
strongly  develo|)e<l,  following  outline  of  liat-k  until  under  last  dorsal  ray,  where  it  curves  downward, 
following  middle  line  of  caudal  peduncle  to  biise  of  caudal  fin. 
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Color  in  alcohol,  head  and  IkkIv  rather  dark  brownish,  a  lighter  eropsband  around  body  at  nape 
and  arross  opercles;  another  light  ban<l  surnmnding  b<Kly  between  the  2  dorsal  fint?;  8  dark  brown 
lines  radiating  from  the  eye,  the  first  downwanl  aeross  cheek  to  tip  of  maxillary,  the  Hecond 
backward  acnws  cheek  towani  l)a8e  of  jXH'toral,  the  thin!  upward  and  l>ackwani  to  origin  of  lateral 
line;  spinous  dorsal  blackinh,  esjKH'ially  on  last  spine;  soft  dorsal,  anal,  ami  caudal  dusky,  narrowly 
e<iged  with  white;  i)ectoral  i>ale,  crossed  by  al)out  6  ol>s<*uri^  brownish  <!n)ssbars;  ventrals  blac^.k  or 
very  dark  brown,  the  outer  rays  somewhat  paler. 

The  above  description  is  based  ujxm  the  tyi>e.  No.  50H39,  V.  S.  N.  M.  (field  No.  20),  a  s[HH'imen  1.5 
inches  long,  obtained  from  the  coral  rocks  in  fn>nt  of  Waikiki,  near  Honolulu,  August  22,  19()t. 

This  species  is  distinctly  related  to  A.  alutuj<  of  the  coast  of  Florida,  fnim  which  it  differs  mark- 
edly in  color  and  in  the  more  slender  body.     Only  one  8i>e<'imen  was  obtained. 

(Henni  FOWLEKIA  Jordan  ft  Eyermann,  new  genni. 

Fowleria  Jonlan  &  Evermann,  new  geiuis  of  AjH)fjonida'  (iwrita). 

This  genus  differs  fnim  Aj}Offoiiu'hthtjH  only  in  the  charai'ter  of  the  lateral  lin«',  whi«rli  is  develoiHHi 
only  on  the  anterior  part  of  the  Ixxly. 

Several  species  otunir  in  crevices  of  coral  ro<'k  in  the  South  Seas.  All  of  them  art*  of  very  small 
size  and  some  are  brightly  colore<l. 

This  genus  is  named  for  Mr.  Henry  W<H?d  Fowler,  of  the  Aca<it?my  of  Natural  Scieni^es  of 
Philadelphia. 

24.  Apo^n  snyderi  Jonlan  &  F.vermann,  new  s|HM*ies. 

Head  2.7  in  length;  depths.  1;  eye*i.7  in  heati;  snout  8.7;  inten>rbital4.5;  maxillary  2.2;  mandible 
2;  gape  3;  D.  vii-i,  9;  A.  ii,  S;  C.  17;  P.  10;  scales  2-25-5;  Br.  a 

Body  short  and  stout,  moderately  comj)rt»ssiMl,  the  <lorsal  and  ventral  outlines  al)out  €H]ually 
curved;  hea<l  rather  laiye,  conic;  snout  conic,  the  anterior  pn)file  very  slightly  curveil  from  tip  of 
snout  to  origin  of  spinous  dorsal;  mouth  oblicpie,  jaws  sul)e<|ual,  the  lower  slightly  include<l;  maxillary 
long,  reaching  not  quite  to  posterior  tnlge  tt(  i)Upil,  its  width  at  tip  2  in  eye,  supplemental  bone  well 
develoi>ed;  interorbital  sj»ace  rather  broad,  slightly  convex,  preorbital  narrow,  least  wi<lth  3  in  eye; 
teeth  on  vomer  and  jaws,  the  latter  in  villiform  bands;  none  on  palatini*s;  gillrakers  slender,  10  on  lower 


in  neacl,  secona  z  in  uie  lounn,  st»veuiii  -:  in  m.Toim;  nn^i  wiii.  rays  longesr,  i.r*  in  nea<i;  caudal  deeplv 
einarginate,  longest  rays  alK)ut  1.6  in  head;  anal  similar  to  soft  dorsal;  somewhat  smaller,  its  origin 
under  last  rays  of  soft  <lorsal ;  ventrals  jMwnted,  scarcely  reaching  vent,  \A)  in  hea<l;  iK^toral  n^aching 
vertical  of  vent,  1.7  in  head. 

Color  in  alcohol,  pale  yellowish  brown,  darkest  alM)ve;  a  darker  brownish  band  extending  from 
upper  edge  of  ojwrcle  along  siile,  just  above  lateral  line,  to  po.Hterior  t^lge  of  soft  dorsjil;  another 
broader,  more  distinct  brown  band  from  tip  of  snout  through  eye  and  along  miiMle  of  side  to  baMe  of 
caudal  fin,  cx^vering  lateral  line  on  caudal  jKnluncle;  cjuidal  p«Hluncle  at  bii.«t»  of  caudal  fin  with  a 
))road  duflky  crossbar,  usually  darkest  on  upper  half,  *^)metim(»s  obMcure,  sonietimes  with  a  darker 
blotch  or  spot  in  the  upi)er  portion;  upi^T  part«  of  hea«l  covchmI  with  fine  dark  bn)wn  punrtulations; 
lower  jaw  similar,  but  somewhat  paler;  membnuu^s  of  anterior  2  or  3  <lorsal  Hpines  black,  others 
finely  punctulate;  soft  dorsal  pale  at  base,  al^>ve  which  is  a  ])r()ad  indistinct  dark  crossband,  the 
color  confined  chiefly  to  the  interorbital  membranes,  this  color  extvn<ling  to  near  tii>of  last  rays;  outer 
part  of  soft  dorsal  pale;  anal  similar  to  sr)ft  dorsal,  the  black  bar  narrowiT  and  nejm»r  base  of  fin,  n»st 
of  fin  white;  caudal  dusky  on  membram^  of  outer  I  or  2  niys,  tlu^  fin  otherwise  white,  with  a  few  fine 
punctulations  on  the  interradial  membnint^s;  ventrals  pale;  distal  |»arts  of  the  first  and  second  niys 
and  their  connecting  membrane  black;  i>tH"toral  pale;  axil  and  basi'  of  in^'tonil  somewhat  dusky. 

Color  in  life  (field  No.  11W,  ().  P.  J.),  pale  red;  2  longitudinal  pearly  Uiu^  on  hiMly;  lirst dorsal 
with  a  dusky  olivaceous  anterior  Iwrder;  white  lines  along  ft^urth,  fifth,  sixth,  ami  seventh  spines,  the 
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membrane  olivat^eouH;  9ect>n<l  dorsal  with  many  white  and  some  olivaoeoiis  npots*;  anal  with  a  dusky 
line  along  base,  the  distal  |)art  rt*<l;  l»a.se  of  caudal  dupky,  re-^t  of  fin  pale  re<l;  ventral  with  a  white 
spot  near  tip;  pei-toral  pink;  iris  yellow.. 

Another  example  (tiehl  No.  03499)  wa«  copi)ery  brown  when  fresh,  with  trace  of  dusky  band  along 
side;  a  faint  blaok  liar  at  liast*  of  caudal,  forming  a  black  spot  above  en<l  of  lateral  line;  some  dusky  on 
opercle;  first  dorsal  dusky;  second  dorsal  brownish  re<l  with  some  dark;  anal  same  with  a  basal  flesh- 
c<dored  bar  Inflow  it;  caudal  re<l<lish  brown;  ventrals  same,  with  first  ray  pinkish  and  dusky  behind 
it;  some  dusky  on  opercle. 

This  si:>ecie8  reaches  a  length  of  alxmt  6  inches.  It  was  obtaincnl  by  Garrett  in  the  Hawaiian, 
SrKriety,  and  Paumotu  islands.  C>ur  collections  contain  numerous  spiecimens  fn>m  Honolulu  and  Hilo. 
We  have  examineil  also  12  sj^et-imens  in  the  collection  made  by  Dr.  O.  P.  Jenkins. 

Thb?  species  cU>sely  resenibles  Ajn^jon  menr}*emuJ!t,  from  which  it  <liffers  chiefly  in  coloration;  the 
black  caudal  crescent,  which  is  sucli  an  excellent  <listinguisliing  mark  in  .!.  mmesemuji,  is  wholly  alieent 
in  thb«  species;  moreover,  the  2  silvery  lateral  l>ands,  which  become  dark  brown  in  spirits,  are  not 
found  in  .1.  menejtemu:*;  and  the  black  on  the  anal  an<l  soft  dorsal  is  less  cf^nspicuous  in  A.  tenyderi.  It 
l>elongs  to  the  subgenus  IYiMki}K}fj(m  of  Klunzinger,  having  Iwth  limlw  of  the  preopercle  serrate. 

This  species  is  figured  by  Bleeker,  Day.  and  Giinther,  the  figures  of  Bleeker  and  Gunther  being 
colore<l.  The.l)eHt  figure  is  that  of  (Tunther  in  Fische  der  Su<lsee,  who  calls  it  AjHpgim  freimUt*^  but  the 
species  originally  thus  name<l  seems  to  Ije  quite  different,  &*  Bleeker  has  alrea<ly  noticed. 

Named  for  Mr.  John  O.  »Sny<ler,  assistant  {)rofessor  of  zoology  in  StanfonI  University. 

Our  collei'tion  contains  the  following  specimens  of  this  si»ecit^: 
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Family  FKI.MANTHII).4:.     The  Calalufas. 


25.  Priacanthus  alalaua  .Ionian  &  Evermann,  new  si>ecies.     *M/<iAiii/i." 

Head  3.2  in  length;  depth  2.<)5;  eye  2.4  in  head;  snout  :\Jk  maxillary  2;  interorbital  3.8;  I),  x, 
14;  A.  Ill,  15;  sc-ales  i:^S5  to  90-45,  70  iM>res;  Br.  i'y;  gillrakers,  alxuit  22  on  lower  ami. 

IVnly  short,  deep,  <*ompressed,  ovate;  up|»er  pn)tile  of  head  nearly  straight;  snout  very  blunt; 
mandible  prominent,  produced;  mouth  vi^ry  oblitjue;  teeth  small,  sharp,  in  bands  on  jaws,  vomer  and 
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palatines;  tongae  rounded,  free  in  front;  maxil1ar\' reachinf?  almost  to  front  margin  of  pupil,  its  greatest 
width  2  in  eye;  edge  of  preoi>erole  finely  serrate,  with  a  sharp,  tiat,  serrate*!  Hi>ine  <lirecte<l  liackward 
at  angle;  margins  of  interojiercle,  sulK>i)ercle,  and  opercle  entire;  ojHTcle  with  an  ol>Hcure  flat  spine; 
interorbital  simcv  slightly  i*onvex;  eye  very  large,  it>*  lower  wlge  a  little  al)ove  l>ascj  of  i)e<;toral  and  in 
line  with  axis  r»f  l)ody;  nostrils  small,  close  together,  the  anterior  with  elevatetl  rim;  posterior  nostril 
oblong,  with  broad  flap;  gillrakers  rather  slender,  alnnit  22  on  longer  ann  of  flrst  arch,  longest  about 
3  in  eye;  origin  of  spinous  dorsal  over  upjHKr  ba**t»  of  iKH'toral;  dorsal  spines  rather  uniform,  the 
longest  about  e<iual  to  orbit;  soft  portion  of  dorsal  wniiowhat  elevated,  rounde<l,  fourth  ray  1.7  in 
hea<.l;  anal  spines  rather  stnmger  than  th«>se  of  dorsal,  thin!  the  longest,  1.1  in  orbit;  soft  jx^rtion  of 
anal  similar  to  that  of  soft  dorsal,  rays  of  al>out  etiual  length;  caudal  truncate,  the  middle  rays  slightly 
greater  than  orbit;  i)ectoral  short,  bluntly  iH)inte<l,  not  ri'aching  tip  of  ventral,  length  1.4  in  head; 
ventrals  longer,  just  reaching  base  of  second  anal  spine,  their  length  1.2  in  head;  ventral  spine  alK»ut 
1.25  in  longest  ray,  or  1.7  in  htwl;  g«iU»s  small,  firm  an<l  rugose,  those*  of  lateral  line  somewhat 
enlarge<l;  entire  hea<l,  as  well  as  l>ody,  densely  wealed;  lateral  line  rising  abrui>tly  for  6  or  7  iM>refl 
from  gill-oi>ening,  theniH?  concurrent  with  back  to  caudal  peduncle. 

Color  in  life,  silvery,  light  olive  alx>ve,  somewhat  flushwl  with  rtnl  in  irregidar  blotches;  chin  rvd; 
spinous  dorsal  olive-yellowish,  esi)ecially  on  eilge;  ventrals  bla(*k,  rays  whitish;  fins  unspotte<l. 

Young  of  4  inches  in  length  art»  dirty  gray,  browner  al)ove,  with  no  trace  of  reil  in  life;  some  bn)wn 
spots  along  lateral  line;  fins  dusky,  anal  and  ventral  darkest;  iris  a  little  brownish  red. 

Color  in  alcohol,  plain  yellowish-white:  spinous  dorsal  and  anal  somewhat  dusky;  ventral  mem- 
branes black,  the  rays  white,  other  fins  pale  yellowish-white.  In  some  examples  the  color  is  nmch 
more  flushed  with  rtnl,  espc^cially  al)ove;  the  re<l  paler  ami  more  evanes(»ent  than  in  the  other  sjHH»ii*s; 
fins  re<l,  unspotted;  the  spinous  dorsal  eilged  with  golden;  upiwr  lip  golden;  ventral  membrane 
black,  jKJctoral  pale. 

There  set^ms  to  Ik*  but  little  variation  in  this  8i>ecies;  the  younger  indivi<1uals  a]>]H*jir  to  Ih»  more 
brightly  colored  or  with  more  evident  wash  of  nnl  than  was  shown  in  the  tyjH'.  , 

We  have  examine<l  the  following  sptnumens: 
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Family  LUTIAXID.^.     The  Snappers. 
Oenm  B0WEB8IA  .Ionian  <%  Evermann,  new  genus. 


Boirersia  Jordan  &  FA'cmiann,  new  genus  of  Ltii'unihh'  {violniwnift). 

Iknly  l((ng,  rather  slendt-r  and  nirxlenitely  comprt»ssed;  top  of  head  evenly  roundt*<l,  the  supra- 
o<.*cipital  cn»st  exten<ling  forwanl  on  cranium;  jaws  equal,  lower  not  projet'ting;  bands  of  villiform 
teeth  on  lK>th  jaws,  the  outer  s«»rifs  S4imewhat  enlarge<l  and  <>anine-Iike;  villiform  tt^th  on  vomer, 
]»alatines,  and  tongue;  maxillary  slipping  for  its  entire  length  under  the  rather  broail  i)reorbital;  eye 
laiye;  ojiercle  entire,  ending  in  2  tlat,  ol>scure  sjiines,  the  space  l>etween  them  deeply  emarginate, 
but  filled  by  sr)ft  membrane;  pn^oiK-n-le  scanrc*ly  dentate;  dorsal  fin  C(mtinnous,  the  hist  ray  i)r<MlurtHi 
nearly  twice  length  oi  i»rectHling  one. 

This  genus  is  R*late<l  U\  ApRihin^  with  which  it  agnH»s  in  the  ]>resence  of  villiform  teeth  on  the 
vomer  and  palatini*s,  but  fn)m  which  it  differs  in  having  well-d<*velo|H'd  tivth  on  the  t(»ngue,  and  in 
the  productMl  last  dorsal  an<l  anal  ray.     Two  sjxM'ies  are  known. 

We  take  much  jtleasun^  in  naming  this  new  gt'iius  for  the  Hon.  (Jeorge  M.  Bowers,  I'nitefl  States 
Commissioner  of  Fish  an<l  Fisheries,  in  re<'ognition  of  his  active  and  intelligent  inten*st  in  i)roinoting 
scientific  work,  es}K»cially  the  investigation  of  the  a4]uatic  resources  of  the  Hawaiian  Islands. 


i\.  St'Hles  ratluT  l«rjr<*.  alMHit  iW  in  lalonil  line;  |)rt'«>rhital  hrtMni.  7.7.'»  in  hfu«l 
(la.  Scales  smaller,  about  ti-s  in  lateral  line;  |>ri>ort)ital  narrow.  10  in  IuncI 


uhuild. 
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26.  Bowersia  violescens  Jonlan  &  Evermann,  new  ppeciea.     ^^OjHikapaka.*' 

Head  3.25  in  lenjrth;  depth  3.5;  eye  4.4  in  head;  snout  3;  maxillary  2.6;  mandible  2;  inter- 
orbital  3;  preorbital  7.7.'>;  whales  8-<>0-15;  D.  x,  10;  A.  iii,  8;  Br.  7;  ^illrakers  5-rl4. 

Body  long,  rather  slender,  mo<lerately  (•(>niprea*«e<l,  tapering  gradually  into  the  rather  long  caudal 
pedunole;  head  large,  longer  than  dc^p;  snout  moderate,  rather  bluntly  conic;  mouth  large,  maxillary 
reaching  anterior  third  of  jmpil,  slipping  for  its  entire  length  under  the  thin  e<lge  of  the  rather  broad 
preorbital,  the  width  of  its  tip  2  in  eye;  mandible  strong,  but  not  projecting;  broad  bands  of  villiform 
teeth  on  jaws,  vomer,  i>alatines,  an<l  tongue,  the  outer  series  in  the  jaws  slightly  enlarge<l  and  canine- 
like;  eye  large,  its  lower  edge  in  line  with  axis  (»f  Uxly;  interorbital  broad,  gently  convex;  anterior 
profile  but  slightly  curve<l  from  tip  of  snout  to  najK?,  thence  more  strongly  arche<l  to  origin  of  dorsal, 
descending  in  a  long,  low  curve  to  caudal  i)e<luncle;  ventral  outline  but  slightly  convex;  caudal 
peduncle  rather  long,  2  in  head,  its  least  width  al>out  l.(>  of  its  leiust  <lepth,  which  is  1.8  in  its  length, 
measure<l  from  base  of  last  dorsal  ray  to  base  of  supporting  caudal  rays;  gillrakers  few,  rather  strong 
and  short,  the  longest  about  2.6  in  eye;  opercle  smooth,  ending  in  2  flat,  ol)s<'ure  spines  (more  strongly 
develope<l  in  ea<!h  of  the  cotyi>es);  prtn^percle  obs<'urely  .serrate  at  the  angle  (more  distinctly  so  in  the 
cotyi)es);  fins  nnxlerately  develojieil,  the  dorsal  fin  continuous,  without  not<-h,  its  origin  over  base  of 
f)ectoral  an<l  ecjually  distant  from  tip  of  snout  and  l>a."^  of  fourth  ray,  length  of  entire  Imse  of  fin  and 
to  tip  of  last  ray  twice  length  of  h(»ad;  first  dorsal  spine  mo<lerately  short,  cla**ely  bound  to  the  second, 
whose  length  excee<ls  it  by  al)out  one-half;  seventh  dorsal  spine  longest,  its  length  e<jual  to  that  of 
snout;  last  dorsal  ray  pro<luce<l,  its  length  alxmt  1.7  times  that  of  the  preceding;  anal  similar  it)  soft 
dorsal,  its  origin  under  base  of  third  or  fourth  dorsal  ray;  first  anal  si)ine  very  short,  thinl  longest  and 
strongest,  its  length  equaling  diameter  of  eye;  la^tanal  ray  pro<luce<l,  its  length  t^jualing  that  of  produced 
dorsal  ray;  caudal  rather  widely  forkeil,  lol>es  alK)Ut  equal,  their  length,  nu»asure<l  from  base  of  first  sup- 
porting ray,  equaling  heml;  ventrals  jKnuttnl,  their  tips  not  reaching  vent,  length  1.4  in  head;  pt^ctoral 
long,  slightly  falcate,  the  tip  alK)ut  reaching  tii)s  of  ventrals,  its  length  a1)out  1.2  in  head;  8<*ales  lai^, 
deeper  than  long  and  rather  loose;  cheek  and  ojKfrrles  scale<l,  5  rows  on  chtn^k;  a  large  lx)ny  humeral 
si'ale,  from  which  extends  to  nape  a  s^'ri€*s  of  somewhat  UKKHfied  scales,  in  front  of  which  is  a  patch 
of  onlinary  scales;  lateral  line  ci»niplete  and  well  develojjed,  bt^inning  at  lower  e<Ige  of  humeral  scale 
and  following  curvature  of  l>ack  to  ba.<e  of  middle  ciiudal  rays:  the  |>ores  little  or  not  at  all  branched. 

C>>lor  in  life  (fiel<l  No.  0:U(>4),  light  rosy  olive,  with  violet  shades,  pale  l)elow;  center  of  each  scale 
of  back  shining  violet;  dorsal  nnldish  flesh-color,  its  l>a.<e  anteriorly  yellowish  olive;  caudal  flesh- 
color,  rosy  along  the  inlges;  anal  .similar,  its  e<lge  light  lavender  gray:  ventrals  |)ale,  shadeii  with  light 
orange;  |>ectonil  flt*sh-color,  violaceous  at  base;  snout  violet,  iris  light  yellow.  A  flesh-colore<l  vio- 
la<*eous  fish  without  color  markings  anywhere.  Another  sjK'cinien  (field  No.  03417  )  freshly  dea<l,  had 
the  Ixxiy,  head,  and  caudal  light  rosy;  ventrals  white:  outer  margin  of  spinous  dorsal  golden,  the 
membranes  with  irregular  golden  areas:  iM'<*toral  and  anal  not  distinctly  colonel;  iris  yellow. 

Color  in  alcohol  of  tyin*  (field  >»<►.  (KWIS),  above  dusky  silvery,  biis«*s  of  scales  brown;  sides  and 
under  parts  silvery,  with  pale  greenish-yellow  tinge:  top  of  head  somewhat  olivaceous,  sides  rusty 
silvery;  axil  of  i>ectond  <liL»<ky;  fins  all  jiale  or  yellowish-white. 

This  s})e<*ies  rea<*he8  a  length  of  alxait  2  fwt  and  is  an  important  fcMnl-fish. 

Only  4  si)ei'imens  were  secure<I: 
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I^K'ality.  Final  di*<|Mts-iti«>ii  of  HjKM'iuien. 
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27.  Bowersia  ulaula  Jordan  A  Evermann,  new  s|M*cit*s.     "r^n/Ai." 

Hea<l  3.6  in  length;  depth  3.8;  eye  3.S  in  head;  snout  3.8;  maxillary  2.9;  mandible  2.4;  inter- 
orbital 3.6;  preorbital  10;  scides  8-<>8-14:  D.  x,  11;  A.  iii,  8;  Br.  7;  gillrakers  21  -^5. 

Bcnly  long  and  slender,  the  dorsal  outline  in  a  low,  gentle  curve  from  tip  of  snout  to  l)asc»of  craudal, 
the  ventral  outline  but  gently  convex:  head  nunlerate,  bluntly  conic;  snout  rather  short:  mouth  mod- 
erate, somewhat  oblique,  the  jaws  equal:  I'-axillary  moderate,  slipping  for  Ita  entire  length  under  the 
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narrow,  thin  prcN)rbitAl,  its  wi«Uh  at  tip  2.8  in  eye;  l^andfl  of  villifonn  tet»th  on  vomer,  ])alatine8,  ttni^ie 
and  jaws,  those  of  ont<T  wries  in  tlie  hitter  wan'ely  enlHrj»e«i;  oi)en*le  en<lin};  in  2  ol)s«'un',  flat  spini»t», 
the  sjuiee  lx*twe<Mi  them  diHjply  eniarginate  but  fille<i  ]»y  mem])rane;  pn'ojK^n'h*  rather  «liHtinetly  wr- 
ratts  the  teeth  very  short;  eye  rather  hirj^,  it-*  lower  Ininler  in  line  with  axip  of  ])o<ly;  preorbital  very 
narrow,  mneh  narn>werthan  in  H.  rioffwrtv<;  interorlntal  sjiai'c*  narrower  than  in  the  i)n»ee<linjr  si»e<'ies, 
sliphtly  eonvex;  caudal  iM^hnurh^  lonjr,  its  length  from  Iww  of  last  <lorsal  niy  to  first  supiH>rting  rays 
of  caudal  1.7  in  heml,  its  lea.**t  wi<lth  alxnit  2.1  in  its  least  depth,  which  is  2.1  in  its  length;  gillrakers 
rather  numerous,  clos«*-R't,  the  longt^st  aljout  2.2  in  eye;  lins  nnMlerately  develoixMl,  the  dorsal  contin- 
uous, without  notch,  its  origin  slightly  lH»hind  basec)f  jKH'toral  and  etpially  dist^mt  l)etw(HMi  tii>of  sn<mt 
to  l)ase  (»f  fifth  or  sixth  dorsal  ray;  heiul  2  in  distance  from  origin  of  anal  to  midille  of  last  dorsal  ray; 
first  dorsal  spine  rather  short,  ulxMit  1.9  in  length  of  second;  fifth  dorsal  spine  hmgest,  its  length  t^jual 
to  distaniv  from  tij*  of  snout  to  jnipil;  last  dorsal  ray  pro<luce<l,  its  length  aKnit  l.S  tinu»s  that  of  the 
preceding;  anal  similar  to  soft  dorsal,  its  origin  un<ler  base  of  third  dorsid  ray;  first  anal  sjiine  very 
short,  the  thin!  longi»st,  its  length  1.2  in  diameter  of  eve;  s<»ft  anal  similar  to  soft  «lorsal,  the  last  rav 
pro<hiccMl  and  of  equal  length  with  that  of  dorsal;  t'audal  <lenst»ly  s<*aUNl  and  wi<lely  forkisl,  hilH»s  tMjual, 
their  length,  measure<l  from  luise  of  first  supfMirting  rays  (M|ualing  that  of  head;  ventrals  nnt  ]Niint4Ml, 
their  tips  not  n^aching  vent,  their  length  l.fJ  in  hea<l:  i»e<'toral  l»»ntr,  slightly  falcate,  its  tip  n^siching 
vent  and  much  In^ytmd  that  of  ventral,  its  length  equaling  that  of  hcail;  siiilcs  rather  small,  «'li»sely 
imbricate*!,  deei»er  than  long,  their  e<lges  finely  ciliattnl;  ctuvk  and  ojH'n'les  scaleil,  <i  rows  on  c!uH»k; 
a  large  l)ony  hum«*ral  scale  from  whi<'!i  extends  as«»rics«»f  nuMlitied  s<*ah's  t<i  najM',  and  in  fn»nt  of 
which  is  a  jMitch  of  onlinary  s<*ales;  lateral  line  complete  and  well  ilevelojHfl,  lM>ginning  jit  lower  t^lge 
of  humeral  scale  and  following  contour  of  Imck  to  base  of  middle  cau<lal  rays,  thetulx's  little  ])ranche<l. 

(\)lor  in  alcohol,  browni.»*h  or  purplish  oliva<*<H)us  alnive,  {Kiler  on  side;  under  parts  ni»arly  ))lain 
white;  each  scale  of  Iwck  and  ui>|K'r  juirt  of  side  with  a  darker  bniwn  s|K)t,  thes*»  forming  indistinct  rows, 
alwMit  6al)ove  lateral  line;  side  U'low  lateral  line  with  Icssdi.^tinct  Iiorizont4il  lim?s;  up]MT  parts  <»f  lu'ad 
oliva<'<'ous  brown,  lower  parts  jwiler,  spines  of  dorsiil  fin  purplish,  the  membranes  white,  i)ur))lish  at  tii>s; 
soft  <lorsid  with  rays  whitish,  membranes  purplish;  caudal  slightly  dusky,  other  fins  plain  whitish. 

This  s|K»cies  is  relate<l  to  />.  riohwciij*,  inmi  wliicli  it  differs  chiefly  in  tlu'  shorter  snout,  larger 
ey«",  shorter  maxillary,  shorter  mandible,  narrower  intcn)rbital  siiac<>,  de<'i<le«lly  smaller  scales,  more 
numerous  gillrakers,  and  more  jK»stiTior  ins(>rtion  of  dorsal  fin.  Only  one  siN^'imen  known,  ty{»e 
No.  ry(Hm,  U.^S.  N.  M.  (fiel«l  No.  04104).  I4.2.">  indies  long,  from  llilo,  Hawaii  Island. 

28.  Etelis  evurus  Jordan  ^  KvtTmann,  new  siMH'i<*s. 

Ilea*!  3.2  in  length;  <lepth  :\M;  eye.'i  in  hea<l;  snout  :5.1»:  niaxillary  2.2;  interorbital  :>.f>;  D.  x,  11; 
A.  Ill,  8;  s<'ales  r>-r>()-ll;  \W.  li;  gillrakers  15  •  IJ,  l<in^<*st  alntut  2  in  eye. 

I^sly  rather  long,  taiK'ring,  moilerately  e<»nipress<'4l;  <Iorsal  outline  slightly  convi'X,  ventral  «»ut- 
line  nearly  straight;  hea<l  «'onsi<lerably  longer  than  deep,  eompress<Nl,  huImmuhc;  snout  bluntly  i»ointe<1. 
h»ss  than  eye,  (Mjual  to  jM)rtion  of  eye  anterior  t«)  jHisterior  iil^r  nf  pupil;  niouth  large,  oblique;  snuill 
Imnds  of  villifonn  ti-eth  «»n  vomer,  |»alatin<'S,  and  anterior  part  of  eiu'h  jaw;  a  single  niw  of  small, 
wide-set,  slendi*r  canine  X*>v\]\  on  th«*  outer  e^lifi*  of  inich  jaw,  tfms*-  in  np|M'r  jaw  slightlv  largiT  and 
rnort*  wi<le-s<'t;  a  single  larger  canine  t«H»th  on  the  sitle  of  ea«'h  jaw  in  front,  t!ios«>  in  the  up|KT  jaw  the 
larger;  maxillary  extending  to  middle  of  pupil;  eyi*  very  la rg«',  its  lower  edge  slightly  U'low  axis  of 
Isnly;  jinM»|M»rele  finely  wrrate;  ojx'rde  with  2  broiul,  flat  s|»ines,  not  pnHluced,  the  up|K*r  rather 
ol>s<'ure;  fins  UMMlerately  d«'velo|M»<l;  origin  of  spinous  florsal  hliyhtly  {Misterior  to  li;i.>^Mif  jHH-toral,  its 
distance  from  tip  of  snout  (Mpialin^  tliat  Ut  Inu^'  of  sixth  dorsal  my;  dorwil  fin  deeply  not(>he«I,  alm(»st 
divid*»d;  first  dorsal  spine  short,  its  length  but  hliirhtly  ^n"at«-r  than  fliameter  of  \m\n\;  thin!  dorsal 
spine  longivt,  2.1  in  hea«l;  ninth  spine  short,  its  liMiirth  2.75  in  tliinl;  soft  dorsjU  not  elevated,  the  ravs 
alNHit  (H]ual,  the  last  1.75  in  third  spine;  anal  similar  to  H»ft  ilorsal.  the  first  spine  very  short,  the  third 
al)out  l.S  in  third  dorsal  spine,  Isist  anal  ray  aUmt  eipial  in  la-t  ilorsal  ray;  caudal  deeply  notche«I,  the 
IoIh's  much  priMln<-e<l,  the  up|»i-r  the  |f»mrer.  its  rayr-  jrreatly  t'xceiilinL'  lenu'th  of  !ira<l,  or  alMuit  2.4  in 
IwMly;  ventrals  long,  but  not  n*Jicliing  \i'nt  by  a  distan<-»'  i-qualin'^'  half  diameter  of  pnpil.  tln'ir  lengtli 
1.5  in  beat!;  iH'ctoral  long,  n-arhing  vent,  the  npjii-r  rays  somfwliat  pr<Hhie«H|, their  leiijrth  1.2  in  hea*l- 
S4'ales  UKNlerate,  firm,  i-overinj:  InMly,  najH',  ojHTrN-s,  anil  bn-a^t;  a  largi*  hnniend  s<'ale;  lateral  line 
l)eginning  at  lower  e<l^r«•  of  huiii**ral  s<-3ile  and  fo!l«»win;r  contour  of  Isick  to  I>:is4' of  caudal  fin. 

(%»lor  ill  life,  of  a  siM-^-imen  (field  .N'«».  0."rlHl  )  1 1  itichi-y  lonir,  brilliant  n»>e-nH|,  the  side  from  level 
of  eye  abruptly  silver,  with  rosysha4les;  snout,  jaw-.  e\«-.  jiinl  inslfle  of  iii«>uth  nnl;  finn  all  ruse-iXilor, 
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the  dorsal  and  caiulal  bri^rht;  ventrals  and  anal  pale,  the  former  washed  with  red  on  center;  axil 
pale  pink;  pe<-toral  pale  ro<«y. 

Color  in  alcohol,  uniform  yellowish  white,  paler  below;  fins  all  pale  yellowish  white,  the  caudal 
UAyes  somewhat  dark. 

This  species  is  relate<l  to  Ett'li^i  ot^nhttun  of  the  West  Indies,  from  which  it  differs  in  the  somewhat 
larger  scales,  much  lonj^r  caudal  lolx^s  (9.5  times  leuj^h  of  middle  rays  instead  of  4  times,  as  in  E. 
onihituA)^  and  larjjer  eye.  From  E.  mrhnnrnbiH  C'uvier  A  Valenciennes,  fn>m  Isle  de  France,  it  seems 
to  differ  in  having  only  Irt  instead  of  'JXS  scales  in  a  transverse  series  and  in  the  coloration. 

This  gpe<Mes,  one  of  the  handsi»mest  of  all  Hawaiian  fishes,  is  thus  far  known  only  from  Hilo, 
Hawaii,  in  the  market  of  which  we  ol>taim»<l  13  fine  examples,  measurements  of  which  are  given  in 
the  f<»llowing  table: 


1 
Length . 

I>M*Hlity. 

Finjil  disiMwition  of  >i»*^'i- 
lui-n. 

Firld 
No. 

lA'Tijrth. 

L«K*Hlity. 

1 
Final    disposition  of   .«iiet'i- 
mi'n. 

Inrhf*. 

1 

Itwhfit. 

1 

(i:m.v2 

\'l.r^ 

Hilo 

Tvpt'.  No.  oOiU?2.  r.  S.  .N.  M. 

(MON> 

13 

Hilo.... 

Cotype.  No.  24*224.  Ac.  Nat. 

OttWJ 

13.  -25 

...do 

<ViIvih:.  .No.  •27'22.  T.  S.  F.  C. 

S<n..  Phila. 

au8i 

14 

...<lo 

(^ot\lK'.No.;iOlV«.r.S.  N.  M. 

MOsl 

12. 75 

...do 

Colvf»e.  No.  3a5S.  Field  Col. 

otoso 

\h 

do 

CotyjH'.  No.  7174.  L.  S.  Jr. 

Mm. 

Tniv.  Mu.t. 

aV2>7 

13 

..  .do 

Cotyi»e.  No.  »<14.  Ind.  I'niv. 

(MOM 

l.=).i=> 

...do 

l)o. 

Mils. 

O40K) 

15. 5 

d«» 

Col  v|K\No.l701.Bi>hoi>  Mils. 

av2ss 

II.*; 

...do 

('otvi»e.No.l498.Cal.Ao.S<  i. 

OMttM 

12. 7.> 

...d«» 

<'otv|K-.  No. .  M.  r.  Z. 

05>"9 

12  6 

...do 

O40K5 

16.5 

...do 

Cotvpe.  No.  *229t'..  Am.  Mas. 

1 

1 

Nat.  ni>t. 

Family  kYPHOSID.€.     The  Rudder- fishes. 

29.  Sectator  azureus  Jonlan  Jk  Evermann,  new  species. 

Hea<l  4  in  lenjiTth;  <lepth  .S;  eye  5  in  hi*ad;  snout  :i.»>5;  maxillary  4;  interorbital  2.4;  D.  xi,  15; 
A.  Ill,  i:^;  s<"ak»s  14-81-20. 

B<Hly  clongjitc,  ovoid,  greatest  depth  alMDut  at  tip  of  |>e<*toral;  lK»a<l  slij^htly  longer  than  deep, 
compresse*!;  snout  very  bluntly  ronvex;  jawsalx>ut  c<|ual.  maxillary  not  reaching  front  of  eye;  mouth 
small,  horizontal;  teeth  very  small,  comj>ressi*<l,  in  a  single  st»ries  in  t^ch  jaw;  minute  villifonn  teeth 
cm  vomer,  palatines  and  tongue;  tongue  bn)ad,  rounde<l  and  fnv  in  front:  pn'ojH^n-le  entire,  posterior 
e<lge  very  oblique:  lower  eilge  of  eye  on  a  line  with  up|>er  ba.»«e  of  |)ectonil,  |M>jiterior  margin  well  in 
front  of  middle  of  h<»a<l:  interorbital  bn»atl,  strongly  convex,  a  deep  gnxive  in  front  of  eye  to  nostril; 
caudal  ihmIiuicIc  rather  long,  l.^>  in  hea«l:  oriirin  of  spinous  <lorsal  slightly  in  front  of  ba^H?  of  ventrals, 
well  l»ehiud  i>e<'toral,  its  <listan<-c  fn>m  tij>  of  snout  slightly  grt»ater  than  <lepth  of  Ixxly;  longest  dorsal 
spine  3  in  h*'ad.  liL^^t  dorsal  ray  eh^ngat*',  U'lm:  one-fourth  longiT  than  other  rays,  its  length  3.4  in  heail; 
thinl  anal  spine  longest,  4.9  in  htiid:  first  anal  ray  longt»st,3.4  in  head;  ba.*H.^  of  anal  l.S  in  baseof  dorsal; 
cau<lal  <leeply  forke<l,  lower  IoIh»  the  longer,  3.5  iu  ImmIv;  jKN'toral  short,  slightly  longer  than  ventrals, 
1.8  in  heacl,  the  spine  more  than  half  length  of  l<»ng*»st  my:  s4-:iles  cycloi<l,  present  on  hea<l  except  on 
jaws  and  in  fn»nt  <»f  eye,  very  minute  on  all  the  fins  except  ventrals;  lateral  line  concurrent  with  dorsal 
outline;  peritoneum  dark  gray. 

Color  in  life,  *lark  steel-blue,  lH*<*oming  }»aler  UOow;  a  <lefinite  deep  blue  stripe  from  snout  l)elow 
eye  widening  on  ojien'le,  and  thentv  .»*traight  to  ci^nter  of  l>a.«*e  of  caudal;  Ijelow  it  a  narn)w  bright 
golden  strii>e  fn>m  angle  <>f  mouth  to  lower  jwrt  of  caudal,  and  then  a  fainter  blue  stripe  Ik?1ow  this; 
a  blue  stri|>e  from  eye  to  upjHT  jiart  of  gill-o|>ening,  inters|>a(V  sha<le«l  with  gret*n;  a  dc»ep  blue  stripe 
fr«)m  ujUK'r  j»art  of  eye  along  each  si<le  of  l>ack  to  l»a.se  of  upj>t»r  cau<lal  lolxs  upi>er  fins  <lusky  golden 
or  olivace<^us;  ventrals  yellow:  anal  and  lower  IoIh»  of  caudal  dirty  g«)l<len:  i»ectoral  translucent. 

Color  in  alcohol,  deep  st«vl  gray,  brown  alntve,  ea<'h  S4'ale  with  a  very  j»ale  sp<jt,  the  etige  pale; 
lower  surfa<v  whitish  silvery;  a  pale  streak  of  gray  l>ehind  eye  to  t^lge  of  opt^ri'le:  dorsal  fin  gray 
bniwn  like  the  l>ack:  <-siudal  an<l  i>eetoral  whiti.<h:  insi<le  of  ventrals  ilu.'jky  orange;  ventrals  and  anal 
dusky:  inside  of  i>ectoral  blaekish  brown. 

Ty|>e,  No.  5<)<UM,  U.  S.  N.  M.  (field  No.  0:>:i6:5),  a  sjiei-imen  15.25  inches  long,  taken  off  the  shore 
near  Heeia,  Oahu  Island. 

This  species  must  Ik*  very  rare,  l)eing  unknown  to  the  fishermen  and  only  tlie  single  specimen 
having  been  obtained  by  us. 
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Family  MULLID^.     The  Surmullets. 
30.  ICulloides  flammeuB  Jordan  &  Evennann,  new  species. 

Head  3.6  in  leng:th;  depth  4;  eye  4.3  in  head;  snout  2.25;  interorbital  3.5;  maxillary  2.6; 
mandible  2.1;  shortest  distance  from  eye  to  upper  edjure  of  maxillary  1  in  eye;  D.  vii-fl,  longest  dorsal 
spine  1.75  in  head,  longest  dorsal  ray  2.6;  A.  7,  longest  ray  2.7;  scales  3-41-6;  pectoral  1.5;  ventral  1.4. 

Body  oblong,  not  much  compressed;  head  heavy,  broad,  the  interorbital  space  broa<l  and  slightly 
convex;  snout  rather  long  and  pointed,  not  abruj)tly  decurve<l;  mouth  rather  large,  somewhat 
oblique,  the  lower  jaw  but  slightly  included;  maxillary  bmaci,  slipping  for  most  of  its  length  under 
the  thin  preorbital,  its  tip  not  reaching  orbit  by  diameter  of  pupil;  eye  rather  large,  high,  slightly 
posterior;  gillrakers  18  -f  7,  the  longest  alxiut  2  in  eye,  serrate;  oi)ercular  spine  obscure  in  adult,  more 
plainly  developed  in  the  young;  origin  of  dorsal  a  little  nearer  i)Osterior  bast*  of  soft  dorsal  than  tip  of 
snout;  distance  between  dorsals  considerably  less  than  snout,  al)out  2.6  in  hea<l;  anal  similar  to  soft 
dorsal,  its  origin  somewhat  more  posterior;  ventrals  rather  long,  reat^hing  slightly  l)eyond  tip  of 
liectoral;  caudal  deeply  forked,  the  lobes  equal,  about  1.2  in  hea<l. 

Color  in  life  (field  No.  0,'U59),  bright  rose-red,  with  5  broad  crossbands  of  darker  clear  rose, 
which  vanihhes  very  soon  after  death;  a  very  faint  yellow  lateral  streak,  with  yellow  sha<les  on  scales 
below;  lower  side  of  head  rose,  snout  and  lips  very  red;  2  wavy  golden  streaks  frouj  Ih»1ow  eye  to 
angle  of  mouth,  lower  conspicuous;  first  dorsal  clear  red;  second  dorsal  dei»p  red  on  the  lower  half, 
fading  above;  caudal  deep  red  at  ba«e,  fading  outward;  anal  pink,  pec^toral  light  yellow;  ventral 
creamy  red;  barl>els  re<l,  paler  toward  tip;  iris  silvery. 

A  color  note  on  si)ecimen8,  field  Nos.  03054  and  03055,  says  that  they  were  rosy  in  life. 

Color  in  alcohol,  pale  dirty  olivaceous  above,  yellowish  white  on  sides  and  belly;  hea<l- yellowish 
olive  above,  pale  on  cheek  and  below;  a  yellowish  band  from  snout  under  eye;  fins  all  colorless,  the 
spinous  dorsal  slightly  dusky,  all  with  slight  yellowish  tinge;  ventrals  with  the  middle  membranes 
blackish.  Smaller  examples  show  c(msiderable  rosy  on  the  sides,  indicating  that  the  fish  in  life  was 
probably  red  or  rosy  in  color. 

This  species  somewhat  resembles  Mnlloides  auriflnmma,  from  which  it  differs  in  the  smaller  eye, 
larger,  more  oblique  mouth,  longer  maxillary,  the  longer,  k»ss  <lecurve<l,  more  i>ointed  snout,  and  fewer 
gillrakers.  It  lx?ars  some  resemblance  to  M.  pfingeri,  but  has  the  eye  larger  and  the  snout  longer  and 
more  pointed.  Compared  with  M.  wimorusis,  it  has  a  much  largt»r  and  more  oblique  mouth,  and  a 
considerably  longer  maxillary,  as  well  as  a  <lifferent  coloration.  It  does  not  agree  with  any  of  the 
plates  of  Day,  Oiinther,  or  lileeker,  nor  with  any  current  des<.^rii)tions.  In  life  its  Imndtnl  coloration 
gives  it  a  very  handsome  appearance.     It  is  found  in  deeper  water  than  most  of  the  other  species. 

M.  flammeun  seems  to  lx»  fairly  abundant  and  is  represented  in  our  collet'tions  by  the  following  9 
specimens,  the  first  of  which  is  taken  as  the  ty|)e  and  all  the  others  as  cotyiws: 


Field 
No. 

03740 
030L'9 
03054 

03055 
03778 
03459 

U'ligth. 

Tnchot. 
9.5 
6 
6.5 

G 

9.75 
10 

Locality. 

Final  disposition  <»f  Hpcoi- 
men. 

Kiiilua  ... 

Honolulu. 

do 

do 

do 

Hilo 

Type,  No.  50665.  U.  8.  N. M . 
(k)type.  No.1702.  Bishop Mns. 
Cotype.  No.   7475.  L.  S.  Jr. 

Tniv.  Mils. 

Cotype.  No. .  M.  C.  Z. 

(^)tvpt^  No.27'A  U.  S.  F.C. 
Cotypi'.  No.  2297.  Am.  Mus. 

Nat.  Hist. 

Field 
No. 


UmKtli. 


Iiwhrs. 

03995 

11.25 

!    113931 

9 

03937 

J 

1 

12 

T^w.uiitv    ■  Final  dispo«<ition  of  HiKH'i- 
*^^""--  men. 


Hilo < 'otyi»c.   No.    24225,    Ac. 

I      Nat.  .S<i.  I'liila. 

do — I  Coty^K*.   No.   9S15.    Ind. 

I'niv.  Mus. 
d«» —    CotyiH-.  N«».  39:»;^.    Field 
Col.  MuH. 


31.  Pseudupeneus  chiyBonexnus  Jordan  &  Kvermann,  new  S]>e(!ies. 

Head  2.8  in  length;  depth  3.4;  eye  5.3  in  he^id;  snout  1.7;  interorbital  3.5;  maxillary  2.3;  D. 
V£ii-9;  A.  I,  7;  scales  3-1^0-7. 

Body  slender,  not  greatly  compressed,  the  back  gently  and  rather  unifonrdy  elevated  from  tij)  of 
snout  to  dorsal ;  ventral  outline  slightly  convex;  heatl  mwlerate;  snout  long;  bluntly  pointed;  mouth 
moderate,  slightly  oblique,  the  lower  jaw  inclu<led;  maxillary  broad  at  tip,  falling  short  of  vertical  of 
orbit  by  diameter  of  pupil;  interorbital  space  convex;  eye  small,  in  posterior  half  of  hea<l;  teeth  rather 
large,  in  a  single  band  in  each  jaw;  barbels  long,  1.2  in  head,  rt»aching  nearly  to  l)a.se  of  ventrals; 
opercular  spiue  small;  fins  rather  large;  third  dorsal  spine  longest,  1.5  in  head,  or  equal  to  distance 
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from  tip  of  snout  to  muldle  of  pupil,  thin!  ray  longest,  3.2  in  head;  ba^e  of  spinous  dorsal  1.4  in  third 
spine;  ba.^  of  soft  dorsal  1.4  in  longest  spine;  origin  of  spinous  dorsal  nearer  laet  dorsal  ray  than  tip  of 
snout  by  longitudinal  diameter  of  pupil;  distance  between  dorsals  1.5  in  eye;  length  of  caudal  peduncle 
1.5  in  head;  i>ectoral  long,  pointeil,  slightly  falcate^  1.4;  ventrals  slightly  longer,  1.3;  last  anal  ray  2.9, 
equal  to  base  of  fin;  caudal  shallowly  forked,  lobes  1.3  in  hea<l,  nuddle  rays  2.75  in  upper  lobe;  scales 
finely  ctenoid  and  i)l)s<'urely  dendritic;  lateral  line  concurrent  with  the  l)ack,  the  pores  with  few 
branches,  the  number  usually  not  exceeding  5  or  6;  2  scales  Wtween  the  dorsals,  8  on  dorsal  side  of 
caudal  j)eduncle;  i)eritoneum  srjmewhat  silvery. 

Color  when  fresh,  deep  scarlet  re<l,  es}XH*ially  a  shade  from  snout  through  eye  toward  tail;  first 
dorsal  plain  scarlet,  second  paler  golden  with  oblique  stripes  of  s<'arlet  and  yellow  cMlge;  caudal  orange; 
reddish  at  base,  yellowish  at  tip;  anal  like  si'cond  dorsal;  jHM-toral  i)ale  orange;  ventrals  deep  red; 
bar>>els  bright  yellow;  iris  re<l.  In  life,  a  i)ale  streak  backward  from  eye  to  miildle  of  side  parallel 
with  back;  side  with  2  blotches  of  deep  red;  a  row  of  dark  spots  along  bases  of  lx)th  <lorsals;  young  of 
3  inches,  from  the  rock  pools,  in  life,  dark  olive  green  above  with  a  dark  olive  streak  along  lateral  line 
and  3  dark  sha<les  under  first  dorsal,  second  dorsal,  and  l>ack  of  caudal  i)eduncle;  tip  of  first  dorsal 
cherry-red,  edged  with  white;  second  dorsal  and  caudal  translucent,  scarcely  reddish;  ventrals  and 
anal  bright  cherr\^-re<l,  former  mesially  dusky;  l)arl)els  golden. 

Color  in  alcohol,  pale  yellowish;  each  wale  below  dorsal  with  brownish  eiigings,  generally  most 
distinct  in  young  and  often  entirely  disappearing  with  age;  a  serii^s  of  smaller  obscure  spots  along 
median  line  from  oi)ercle  to  tip  of  pectoral;  sides  anil  under  parts  with  faint  traces  of  rosy. 

This  species  may  be  known  by  the  series  of  dusky  blotches  along  each  side  of  the  dorsal  fin  and 
by  the  simi»le  structure  of  the  lateral  line.     In  life  it  is  at  once  known  by  its  golden  barbels. 

The  al)ove  description  base<l  upon  a  specimen  (field  No.  03929),  8  inching  long,  obtaine<l  at  Honolulu, 
in  1898,  by  Dr.  Woo<l.  We  have  examined  4  other  snecimens  of  approximately  the  same  size  obtained 
at  the  same  time,  and  numerous  examples  coUet^ted  by  us  at  Honolulu  and  Hilo. 

The  following  is  our  list  of  specimens  of  this  si)e(*ies: 


Field 
No. 


aw2x 

03931 

03y:?2 
«»« 

039:i5 
03«.»:% 
0393>* 
03939 
039S3 

039K4 

o:w«6    . 

039S7     ' 

I 
089SS    I 


.'>.  '25 
G 
(J.  T.'i 

6.5 


Leng^th. 

l>x*ality. 

Final  di.Mjiosition  of  spe<i- 
inen. 

Inrht  X. 

C.75 

Hilo 

TviK-.  .S'o.50666.r.S.  N.  M. 

1. 5 

Honolulu. 

7 

'  Hil(. 

. 

H.5 

do.... 

»).  5 

do.... 

< 

do.... 

, 

s.  5 

do.... 

' 

8.5 

do 

H.5 

d«» 

5.  25 

do 

4.75 

do.... 

do  . 

di» . 

do  . 

do . 

do  . 

do  . 


Cotypo,  No.  7476.  L.  S.  Jr. 

I'niv.  Mus. 
Cotyiif.  No.  7170,  L.  S.  .Ir. 

I'niv.  Mu.K. 
CotviK'.  No. 2724.  r.  S.  F.  ('. 
t'otvfif.  No.'27'25.  r.  S.  F.  <:. 
CotviK?.  No.   170;J.  Bi.^hop  ' 

Mus. 
Cotvpo.  No. .  M.  C.  Z. 


Fiel«l 
No. 


0:i9H9 

03990 

Ob^l 

03992 

(K{99:{ 

0:5994 

(>40U'> 

(MOCMi 

OA'.i. 

03929 


Length.  ,  Ltntality. 


7.5 

S 


r5 


4 

5 


OH      :, 
'«.5.5  ;. 

«  5.  .5     1 . 
<«  5. 5 
^5.75 


Hilo... 

do. 

do  . 

do . 

do  . 

do 

Honolulu. 
do 

B        «        «        *        *    "-«   *      '         »       «        ■        * 

do 

do 

do 

do 


Final  dis|M».sition  of  spteei- 
men. 


Cotype.    No.    229^.    Am. 

Mus.    Nat.  Hist. 
C'otvfK-.    No.    21*226.    Ae. 
Nut.  S<'i.  I*hila. 
,    Cotype.    No.    9S16.    Ind. 

Tniv.  Mus. 
I  Cotvi.e.  No.  3955.    Field 
I      Col.  Mu.'*. 
Cotvpe,  No.  1499.Cal.  A<-. 

S<i. 
Cotvr»e,  No.  [i0676.   V.  S. 
N".  M. 


« Collected  by  Dr.  W<kk1.  1h9h. 


'>f>3llecte<l  by  Jordan  &  Snvder  in  1900. 


32.  XJpeneus  arge  Jonlan  &  Kvermann,  new  si>eties.     ''Weke^^  or  ^^Weke  Puco^ 

Head  3.75  in  length;  <lepth  4.1;  eye  5  in  head;  snout  2.25;  interorbital  3;  maxillary  2.3;  shortest 
distance  Ix^tween  maxillary  and  eye  1.25  in  longitudinal  diameter  of  eye;  D.  vni-9,  second  spine  1.5 
in  head;  A.   ii,  <>,  longest  anal  ray  1.9  in  head;  j>ectoral  1.5;  ventrals  1.45;  scales  ;i-40-7. 

Brnly  oblonir,  compressinl,  deei)est  through  the  anterior  ba.se  of  the  spinous  <lorsal;  head  moder- 
ate, compresse<l,  profile  an'he<l  from  origin  of  the  spinous  <lorsal  to  tij)  of  snout,  steepest  on  snout; 
snout  bluntly  roun<le<l;  lower  jaw  inclu<le<l;  mouth  mcMlerate,  slightly  oblique;  tongue  short,  rounde<l 
anteriorly,  not  broa^l  nor  thick,  and  not  free;  teeth  in  villiform  bands  on  each  jaw  and  on  vomer 
and  jmlatines;  maxillary  mfnlerate,  reaching  anterior  e<lge  of  eye,  mo<lerately  broad  and  sheathed 
for  more  than  half  of  its  length;  eye  rather  small,  high,  mt»dian,  adipose  eyelid  well  developeil; 
barbels  not  reaching  e<lge  of  gill-oj>ening;  i»seudobranchia»  well  developed;  gillrakers  16  r6,  finely 
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eerrate,  last  5  or  6  on  longer  limb  very  blunt  and  short,  pupil  of  eye  containel  1.5  in  longest;  spinous 
dorsal  1.5  in  depth,  first  2  spines  even,  longer  than  the  others  and  longer  than  l)aHe;  distance  from 
snout  to  origin  of  spinous  dorsal  one-thinl  distance  from  snout  to  last  scale  on  caudal;  distance  l)etween 
dorsals  slightly  less  than  base  of  soft  dorsal;  soft  dorsal  slightly  concave;  caudal  deeply  forke<l,  upper 
lol)e  longer;  anal  similar  to  soft  dorsal,  in8erte<l  slightly  liehiiid  the  latter;  ventrals  reaching  slightly 
Ixn'ond  pectoral,  rays  of  pe<^toral  slightly  the  longt'r;  lateral  line  concurrent  with  dorsal  outline;  scales 
large,  finely  ctenoid;  entire  Ixxly  and  head  scaly. 

Color  in  life,  palegretm,  changing  to  white  below;  e<lges  of  stales  on  Iwck  and  down  to  lateral 
line  purplish  brown,  giving  the  appearance  of  3  rather  distinct  strii)e8  of  purplish  brown,  with 
greenish  centers  on  the  scales;  side  with  2  broad  yellow  stripes,  the  up|)er  l>eginning  on  opercle  at 
level  of  eye  and  running  to  caudal  just  above  lat<»ral  line,  the  latter  l)eing  croese<l  under  soft  dorsal; 
second  banning  on  base  of  pectoral  and  running  to  base  of  <'audal  just  Inflow  lateral  line,  this  striix; 
less  distinct  and  narrowing  ])OSteriorly;  oi)en!le  bright  rosy;  top  of  head  dusky;  cheek  whiti*  with 
some  rosy;  lower  jaw  white;  barbels  yellow;  dorsal  fins  pale,  each  crosse<l  by  2  or  3  brownish  nwy 
Imrs;  caudal  white,  upper  lol)e  with  4  broad  brownish  red  bars  numing  downward  and  l)ackward,  1 
at  base  narrow;  lower  lobt»  with  similar  but  much  broader  l)Iack  bars  nmning  upward  and  l)ackward, 
2  of  them  more  distinct  than  the  others;  2  longish  <lark  spots  on  inner  rays;  anal,  ventrals,  and 
pectoral  pale,  ventrals  rather  pale  yellowish;  iris  yellowish,  pink  al)ove. 

Color  in  aWhol,  al)ove,  bluish  olivaceous,  the  side  becoming  lighter,  almost  white  on  belly; 
boniers  of  scales  dusky;  first  dorsal  spine  with  3  or  4  dark  sjwts,  and  the  upi)er  ix>sterior  edge  (»f 
membranes  with  dark  si)ots;  soft  dorsal  with  3  dark  spots  on  anterior  eilge  and  similar  spots  on 
upper  part  of  fin;  caudal  fin  with  dark  Ivands,  upi)er  lobe  with  alnnit  fi,  those  on  lower  lobe  4,  mu(rh 
broader;  other  fins  jmle. 

This  species  restMubles  rperuna  rittatun  (Forskal),  dewrilKnl  from  Djidda,  Arabia,  but  the  latter 
has  the  l>elly  abruptly  deep  yellow  in  life. 

This  is  an  abundant  and  imj^ortant  fo<Kl  fish  at  H(molulu,  where  we  obtaininl  10  s{)ecimens  and 
where  4  others  wen^  collecttnl  by  Dr.  Jenkins  in  1889.  It  is  e<|ually  common  at  Hilo  and  in  IVarl 
IIarlK)r.     It  lives  in  shallow  water  along  (piiet  shores,  and  is  known  as  **  Weke"  or  **  Weke  I*uco.'* 

The  following  is  our  list  <»f  specimens: 


Field 
No. 


02W9 
U8019 

03148 
USfiKS 

03791 
03793 

03794 


lA'iiKtli.  ,   L(N*ality. 


Final  dis^KMiiioii  of 
KiH.>('inu*ii. 


Inches. 
«.5 
lU 

10.5 

« 

10 
9. 2f> 

12.  .•> 


Honolulu.    Type, No. 50007.  U.S.N.M. 

<io '  ('olypo.  No.  7477,  L.  S.  Jr. 

ITniv.  Mu>«. 
CotyiH'.  No. 2726,  U.S.  F.C. 
< -otyiH'.  No.  1701.  BiHliop 

NIUH. 
(V)tyiK',  No.  M.  C.  Z. 

(^otyiH'.  No.2299,Ani.MuH. 

Ntit.  HiHt. 
( \»tyi>e,  No.  24227.  Ac.  Nat. 
Sri.  Fhila. 


do . 

do . 


.do . 
.do  . 


<lo 


I 


Field 
No. 

Ixuigth. 
Ini'fuii. 

LKM-ality. 

Final  disiMtsition  of 
HjH'elnien. 

(Kt795 

10. -25 

Honolulu. 

rotyiH'.  No.SOTvl.  FieldCol. 

M  UN. 

flB79»5 

10 

d«) 

('4>ty|K\N«i.9S17.Ind.rniv. 
Mum. 

o:<797 

K.5 

do 

<:otyiM'.  No.  XiHX),  <'al.  Ar. 

O.VJ. 

i:j.-> 

9 

do 

s 

do 

d<» 

10. :» 

do 

1 

npnieoidrt*  viWUm,  StreetM,  Bull.  U.  S.  Nat.  MiiH.,  No.  7,  71.  1H77  (Honolulu):  not  of  F.)rskjll. 

Family  F()MACENTR1I)/K.     The  Demoiselles. 

33.  GlyphiBOdon  sindonis  Jordan  Jk  KA'ermann,  new  s|KH'i(»s. 

Hea<l  8.5  in  len^^th;  depth  1.75;  eye  :{.4  in  heiul;  snout  8.5;  maxillary  8.4;  interorbital  2.8;  I). 
XII,  19;  A.  II,  15;  s<-ales  4-28-9,  22  pores. 

Body  short  and  det^p,  dorsal  outline  evenly  arched  from  tip  of  snout  to  soft  dorsjil;  lu»ad  (UH»i)er 
than  long,  comi)resstNl;  snout  short  and  ronic;  mouth  small,  horizontal,  lower  jaw  slij^htly  shorter; 
maxillary  reachinj^  to  anterior  tHlge  of  orbit;  a  sinj^le  row  of  small,  nithor  blunt,  slij^htly  compresst^l 
teeth  on  esx'h  jaw;  preopercle  entin»,  opercle  ending  in  2  small  flat  spines,  njiper  very  small  ami 
obscun*;  eye  anterior,  hijfli,  its  lower  e<lj?t»  above  upixT  base  of  |HH'tonil;  interorbital  broad,  steep  and 
convex;  fins  larjre,  orijjin  of  dorsal  oviT  l)a.*«M)f  ventrals,  its  distiu ice  from  tip  of  snout  (Mpial  to  di.«- 
taiK'e  from  l)asi>  of  last  niy  to  tip  of  upin^r  mmlal  loUs  spines  strong?  and  lonjr,  first  0.7  of  fourth,  which 
is  1.9  in  head  and  of  same  length  as  following  spines;  mid*lle  dorsal  rays  produceil,  longest  ray  1.25  in 
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head;  anal  pimilar  to  soft  dorsal,  longest  ray  1.25  in  head,  Seconal  spine  longiest,  2  in  hea^l;  caudal 
forkcnl,  upi>er  Io]>e  the  lonj^er;  wntrals  n*a<hinp  pai*t  vent,  outer  rays  longest,  al>out  espial  to  head; 
pectoral  broa<l,  upjKT  rays  longest,  ecpial  to  hea<l;  scales  large,  ctenoid,  covering  entire  lx)dy  and 
head  excvi)t  lower  jaw  and  snout  anterior  to  eye;  lower  limb  of  preopercle  scaknl;  large  8<»le8  cover- 
ing nearly  all  of  dorsal  spines,  smaller  scales  cohering  as  much  of  soft  dorsal  and  anal  and  nearly  all 
of  caudal;  very  minute  scales  on  ba<e  of  |>ectoral,  none  on  rays  of  ventrals;  lateral  line  concurrent  with 
<lorsal  outline,  on  22  scales,  ending  '^  rows  of  scales  short  of  posterior  l>ase  of  dorsal,  then  dropping 
3  rows  of  scales  and  continuing  ol)scurely  on  mi<ldle  of  caudal  jKiduncle  to  l)a«e  of  caudal  fin. 

Color  in  alcohol,  uniform  very  dark  brown,  nearly  black;  2  narrow  wavy  Iwinds  of  white  on  side, 
first  beginning  alx)Ut  under  fourth  dorsal  spine  and  extending  under  alnrnt  middle  of  i)ectoral,  thence 
curving  slightly  backwanl  toward  vent,  rather  indistinct  l)elow  pectoral;  second  band  Ixyinning  under 
last  dorsal  spine  and  first  ray,  extending  towanl  middle  of  anal,  rather  ol)scure,  indistinct  for  2  or  3 
scales  before  reaching  anal;  tins  all  black,  pectoral  slightly  lighter  than  others;  a  large  black  ocellated 
spot  with  a  narrow  white  border  on  back  and  lower  part  of  soft  dorsal,  larger  than  eye,  just  back  of 
last  white  bar. 

This  sjKJt'ies  agrees  with  tyi>i(«l  Glyphisodon  in  all  respects  except  that  none  of  the  teeth  appears 
to  be  emarginate.  It  agrees  with  Chrtfitlptera  in  the  entire  preopercle  and  preorbital  and  naked  snout, 
but  differs  from  the  type  of  that  genus  in  having  the  teeth  in  a  single  serit»s. 

The  above  dest'ription  base<i  on  the  tyi)e.  No.  50669,  U.  S.  N.  M.  (field  No.  04524),  a  specimen  3.75 
inches  long,  from  Honolulu.  One  other  specimen  obtaine<l.  It  is  taken  as  a  cotype  and  is  No.  2727, 
U.  8.  F.  C.  reserve  series  (field  No.  03732),  a  specimen  2.75  inches  long,  from  Kailua,  where  it  was 
first  discovered  by  Michitaro  8indo,  for  whom  the  species  is  nameil. 

34.  Pomacentrus  jenkinsi  .Ionian  <fe  Kvermann,  new  species. 

Head  3.4  in  length;  depth  1.8;  eye  3.3  in  hea<l;  snout  4;  maxillary  8.2;  interorbital  2.75;  D.  xiii, 
16;  A.  II,  13;  s<ales  4-29-11;  Br.  4. 

Body  ovate,  deep,  compresse<l,  dorsal  outline  rather  steep,  evenly  cur\'eti  from  tip  of  snout  to  soft 
dorsal,  following  e<lge  of  scales  on  spinoiLs  dorsal;  head  deeix*r  than  long,  compressed  subconic;  snout 
bluntly  conic,  jawseijual;  maxillary  reaching  anterior  edge  of  eye;  mouth  small,  horizontal;  a  single 
row  of  close-set,  incis<^)r  teeth  in  each  jaw;  jx>Hterior  e<lgeof  pnM)i)ercle  roughly  serrate;  opercle  ending 
in  2  short  flat  spines,  the  up[)er  very  ol)scu.*e;  interorlntal  wide,  strongly  convex;  fins  rather  lai^ge; 
origin  of  dorsal  over  ventral,  origin  of  each  e<|ually  distant  from  tip  of  snout;  first  2  or  3  dorsal  spines 
shorter  than  others;  others  alH)ut  of  e^juai  length,  shorter  than  the  longest  dorsal  ray.s,  the  median  rays 
being  longi»st,  1.5  in  hea<l;  caudal  forke<l,  lol)es  rounded,  up|K^r  the  longer;  anal  rounded,  longest  ray 
1.5  in  head,  second  spine  rather  stout  an«l  strong,  2.2  in  hea<i;  ventrals  long,  reaching  vent,  1.1  in  head; 
pectoral  broad,  upjier  rays  the  longer,  1.2  in  head;  scales  large,  finely  ctenoid;  Ixxlyand  head,  except 
lower  jaw  and  snout,  scale<l,  scales  on  to[>  of  hea^l  small;  bases  of  all  the  fins  except  ventrals  well 
covere<l  with  fine  scales,  those  on  si)inous  dorsal  larger;  lateral  line  concurrent  with  dorsal  outline  to  a 
line  under  base  of  third  or  fourth  dorsal  ray,  where  it  drops  3  rows  of  scales  to  middle  of  caudal 
peduncle,  whence  it  continues  to  base  of  caudal  fin,  the  detache<l  jKjrtion  little  developed. 

Color  in  life,  ground  color  dark  drab;  central  jntrtion  of  s(*aies  oliva<'eous,  each  one  with  black  on 
lower  part  of  posterior  e<lge  fonning  vertical  bands  on  Ixxly;  axil  black;  outer  Iwrder  of  dorsal  fin, 
above  scale<l  i>art,  black;  pectoral  dusky  olivaceous,  black  at  base;  ventral  and  anal  black;  caudal 
dusky  with  posterior  l)order  lighter;  iris  bright  yellow. 

Color  in  alcohol,  dark  brown,  edges  of  scales  darker;  a  dark  strii>e  on  upj^er  eflge  of  membranes 
of  spinous  dorsal,  broa<lestand  most  distinct  anteriorly;  rest  of  dorsal,  and  caudal  and  pectoral  dark 
brownish;  ventrals  and  anal  dark,  almost  black;  a  black  blotch  at  upper  base  of  iwctoral,  continuous 
with  the  black  axil. 

This  is  a  very  abundant  si)ecies  among  the  Hawaiian  Islands.  Numerous  specimens  were  obtained! 
at  Honolulu  in  1889  by  Dr.  Jenkins,  and  others  by  Dr.  Woo<l  in  1898  and  Dr.  Jordan  in  1900.  Our 
own  collections,  made  in  1901,  contain  numerous  specimens,  the  localities  represente<l  l>eing  Honolulu, 
Hilo,  and  Kailua. 

The  alx)ve  description  is  based  chielly  upon  a  si>ecimen  (field  No.  04526)  4.8  inches  long,  obtained 
by  us  at  Honolulu. 
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The  field  niiinl)ers  and  lengths  of  a  few  of  our  specimenp  are  jnven  in  the  following?  table: 


^.*„>0    j  U.„K.h. 


lyH'ality, 


Filial  (1iHp<)Mitloii  of  spi'oiineii. 


Im^hrM, 

(W331 

:t.75 

04510 

4.75 

04517 

4.5 

04518 

4.2 

04519 

4.2 

04520 

4 

01521 

3.H 

04522 

5.25 

04523 

4.8 

04526 

4.8 

04527 

4.5 

1        1 

I 


Honolulu. 

Hllo 

do  — 

do.... 

do  — 

do.... 

do 

Kailua  ... 

do  — 

Honolulu. 
.....do 


No.  7479,  L.  S.  Jr.  I'niv.  Muh. 
No.  74SO.  L.  S.  .Ir.  Univ.  Mas. 
No.  ;J«V9.  Kield  <'•»!.  Mus. 
No.  50fi71.  r.  S.  N.  M. 
No.  2728,  r.  S.  F.  (\ 
No.  2?29.  V.  S.  F.  C. 
No.  1705.  Bishop  MUR. 

No. .  M.  C.  Z. 

No.  24228,  Ac.  Nat.  Sci.  IMiila. 

No.  5Wi70.  U.  S.  N.  M. 

No.  2300,  .\m.  Miu».  Nat.  Hi«l. 


Ponuirfntrus  niffricantt,  Quoy  «i:  Gaiinard,  Voyage  Uranie,  Z(K)1.,  399,  1821  (Sandwich  l}iilandt<):  CuviorA:  ValoniMcnufs. 
Hi.st.  Nut.  PoiHH.,  V,  125, 1830;  (fiinthcr,  Cat  ,  iv,  34, 1^2  (Sandwich  Islands) ;  not  JlnlfH-entnn*  nifjricaji^  1^ic<^|hMc, 
HiHt.  Nat.  Poi.sM..  iv,  332  and  3<i7, 18(Ki,  Icwality  unknown,  collwttHi  by  Coramcrson. 

Eupomnrenlruis  manjinntw  .laixkiiw,  Bull.  U.S.  Fish  C<»min.  for  1899  (.Tunc  8,  1901),  391,  11^.5,  Honolulu  (Type,  No.4*.)700, 
U.  8.  N.  M.,  Coll.  O.  1*.  Jenkins);  not  PoniacentruH  mnrginatws  Riippell. 


Family  LABRII)^.     The  Wrasse- fishes. 
35.  Lepidoplois  strophodes  Jordan  &.  Kverniann,  new  Pi)eeies. 

Head  2.75  in  length;  depth  2.75;  eye  4.65  in  head;  snout  3.25;  mouth  3.1;  interorbital  4;  I),  xii, 
10;  A.  Ill,  12;  scales  7-34-13. 

Bo<ly  oblonj?,  compressed;  head  longer  than  deep;  upper  and  lower  protiU*H  evenly  and  slightly 
convex;  snout  long,  pointe<l,  rounded  alwve;  jaws  produce<l,  i)ointetl,  alx^ut  etpial;  mouth  large, 
maxillary  reaching  beyond  front  of  eye;  teeth  strong,  forming  a  sharp  cutting  e^lge  on  sides  of  jaws, 
front  of  each  jaw  with  4  large  mnines;  eye  rather  large,  anterior,  high  in  head;  i>osterior  margin  of 
preopercle  very  finely  emarginate;  interorbital  S|)ace  rather  l)road,  convex;  nostrils  small,  anterior  in 
short  tube;  dorsal  spines  [mngent,  longest  3  in  head,  last  3.5;  thini  anal  spine  longest.  2.8;  thin!  anal  ray 
1.9in  head;  i^ectoral  rounde<l,  1.7;  ventrals  pointtnl,  1.4;  caudal  broatl  at  Iwse,  tnincati*;  i^udal  iHMluncle 
broad,  compressetl,  its  depth  2;  scales  large,  thin,  those  on  front  of  dorsal,  along  its  l)ase  and  that  of 
anal,  small;  lateral  line  concurrent  with  back,  sloping  down  at  (audal,  then  running  straight  to  iti^  base. 

Color  in  life,  pale  rosy  white;  upper  j)art*<  of  the  snout,  nape,  ami  side  to  l>a.»<e  of  alnjut  ninth 
dorsal  spine,  lemon-yellow,  extending  down  on  side  to  level  of  ui)per  tnlge  of  imjul;  side  of  hem! 
very  i)ale  rosy,  2  irregular  broken  lines  of  wine-(!olore<l  spot«  aitross  snout  and  through  eye  to 
posterior  edge  of  ojwrcle,  a  similar  row  of  4  oblong  spot«  from  angle  of  mouth  downwanl  and 
backward  to  e<lge  of  oiKjrcle;  cheek  and  side  of  lower  jaw  with  numen)us  small  irregularly  i)laced 
orange  spotj^;  side  with  about  16  brighter  rosy  longituduial  linej:^,  those  above  less  <listinct  on 
account  of  the  deeper  rosy  ground  color,  those  Ijelow  more  distinct,  the  ground  color  iMMng  more 
white;  side  lu^tween  anal  and  sf)ft  <lorsal  (ins  with  a  broad  sooty  ])lack  sj»ot  extending  irregularly 
upon  l)oth  fins  and  fading  out  upon  IxKly  anteriorly,  the  iM)sterior  e<lge  l)eing  nearly  vertical  and 
well  defined;  caudal  iKxluncle  and  base  of  the  caudal  fin  whitish,  with  a  slight  tinge  of  rosy,  a  pale 
rosy  ban<l  se]>arating  this  from  the  black  lateral  area;  region  in  front  an<l  below  the  j>e(!toral  with 
about  4  series  of  small  reddish  brown  s[>ots;  jHiCtoral  region  and  the  under  i)artH  somewhat  bluish; 
dorsal  tin  rich  lemon-yellow,  the  tii>s  of  the  soft  rays  whitish,  and  a  small,  n>und,  l>lack  si)ot  on 
middle  of  membrane  of  second  spine;  l>a«e  of  soft  rays  and  last  ilorsal  8[)ines  rosy  from  intrusion 
of  the  rosy  wash  on  side  of  body;  last  dorsal  rays  sooty  black  at  the  l»ase  from  extension  of  the 
black  si)ot  on  the  side;  caudal  i)ale  lemon-yellow;  anal  pale  rosy  in  wnter,  lemon  on  spines  and 
along  tip  of  fin,  l>ase  of  fin  sooty  black  from  intnision  of  black  spot  on  side  of  the  Ixnly,  the  black 
extending  farthest  down  on  the  interradial  membranes;  iKH^toral  very  pale  rosy;  ventrals  i>ale 
rosy,  the  membranes  bluish,  the  tip  of  second  ray  blackish. 

Color  in  alcohol  (field  No.  04291),  gray-brown,  gradually  <larker  ixwteriorly;  space  l)etween  soft 
dorsal  and  anal  abruptly  black,  the  color  extending  forward  in  darker  streaks  along  the  rows  of  s(rales 
and  forming  a  large  black  blotch  on  soft  dorsal  and  anal;  top  of  head  and  space  l>efore  dorsal  abruptly 
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pale;  posterior  part  of  caudal  pe^lunole  also  a>)niptly  jiale;  a  black  blotch  on  dorsal  Ijetween  second 
and  thin!  ppines,  not  involvinir  thinl  an«l  fourth,  sa*  in  L.  hlluuuhitujt:  dorsal  and  caudal  rjtherwi«e 
pale;  a  jwile  blotch  at  l>a.«*e  of  posterior  dorsal  rays;  side  with  nariDw  dark  brown  longitmlinal  lines, 
coalescing;  p<»steriorly  with  the  black  blotch;  2  narrow  bn^wn  streaks  from  lip  to  front  of  eye,  then 
liack  across  side  of  head  al)Ove;  eiljre<l  with  narrow,  <larker,  wavy  Hues;  a  wavy  streak  from  comer 
of  mouth  towanl  base  of  pectijral,  lower  side  of  head  with  small  brown  spot.s  or  blotches;  ventral  fin 
mostlv  duskv. 

This  species  is  very  close  to  Ij*indophis  hUunuhitHs^  differing  chiefly  in  the  dark  zone  on  posterior 
part  of  body  and  in  the  smaller  size  <if  the  dorsal  spot.  Our  si»e<*imens  an*  all  young,  but  we  have  the 
young  of  L.  hihnuilntujt  si-arcely  larger  and  showing  the  markings  of  the  adult. 

Our  collection  contains  the  following  specimens  of  this  species,  all  from  Honolulu,  where  it  is  not 
uncommon: 


Ti     1  1 

\y:  Ix'tiifth.  Locality.  Final  4lL»iMi^itioii  i»f  >in.-<.'imeuj 


lUfThf  J*. 

041*91  4. 7         Hoiifilulu T\\H\  No.  .T0r;72.  U.  S.  .S*.  M. 

iKrtJO  3.H       «lo r4.tviH\  No.  jt:)!*.  r.  <.  F.  ('. 

ttt=«2  4..S        <lo ('.»fyjK?.  No.  74^^I.  L.  S.  .Ir.  I'liiv.  Mus. 

WJtRi  S.  75      do i'ot'vpt'.  No.  17i»i.  Bi-ho|»  Miis. 

0121W  3.7.S      do <V»l'v[K-.  No.  3*wi.  Field  To).  Mii>. 


yEBBICULUS  Jordan  ft  Eyennann,  new  genus. 

I  >moi/iM  Jon  Ian  6c  Evemiann,  new  gi*nus  of  J/ihritl:r  {Mimpiiutun). 

Body  elongate,  subfusiform,  compn*sse<K  with  rather  long.  pointe<l  snout:  snout  rather  large,  with 
anterior  canines  stnmg,  \  to  jl:  |KX<terior  canines  presi^nt:  lateral  teeth  short,  confluent  in  a  serrated 
cutting  edge;  cheek  and  ojien-le  si-aly:  preo|K?rcle  entirt*.  l>oth  limbs  more  or  less  si-aly;  scales  moder- 
ate, about  40  in  lateral  line:  lateral  line  <*ontinuous:  D.  xii,  10;  A.  iii,  12;  <lorsal  spines  low,  pungent; 
soft  dorsal  and  anal  not  elevate«l,  their  liai?es  without  si-ales:  caudal  subtrmiaite:  j>e<*toral  short. 

This  genus  is  allie<l  to  Vernj  and  Sfj*ioU'.<.  Frrun  its  nciirest  relative,  .VrxiYrf/Vf.  it  differs  in  the 
presence  of  a  posterior  canine  t^Kjth.     The  single  known  si)ecies  is  l)rilliantly  colore<l. 

36.  Verriciilus  sanguineus  Jordan  <fc  Evermann,  new  species. 

Head  2.9  in  length;  depth  3.5;  eye  6.2  in  hearl;  snout  3.1;  mouth  2.8:  interorbital  4.75;  D.  xii, 
10;  A.  in,  12;  si-ale^  5-40-13. 

Bo<ly  el«»ngate,  compress<;*fl  oblong:  hea<l  lontr.  pointe«l,  conic,  its  depth  1.7  in  its  length;  eye 
small,  its  posterior  margin  in  middle  of  length  of  head:  snout  l«»ni:,  |H;»inte<l,  rounde<l;  jaws  produced, 
equal;  mouth  large,  nearly  horizontal,  comer  reaching  l»i*low  front  rim  of  eye;  lij>s  thick,  fleshy;  teeth 
strong,  thiise  on  sidt>«  short,  closi»-set,  fonning  a  sharp  cutting  eilge  on  side  of  jaw;  5  i^anines  in  front 
of  upper  jaw,  4  in  fn»nt  «»f  lower,  a  j>osterior  <^nine  on  each  side  of  upf>tT  jaw;  tongue  long,  pointed, 
free  in  front;  preoj^eR'le  not  serrate:  interorbital  sj^a<v  broad.  c«:)nvex:  iKjstrils  small,  anterior  in  short 
tube;  dorsal  spines  strong,  sharp-pointe<l,  hmgest  in  middle  and  jjosteriorly;  la-t  dorsal  si»ine  4  in  head; 
anal  spines  ptn>ng,  last  spine  longest,  3.75;  seventh  anal  ray  3:  i-audal  n>un<le«l;  don?al  and  anal  fins 
scaled  at  base;  pectoral  roumled,  1.9  in  heiul:  ventrals  short,  spine  strong,  iK)inted,  two-thirds  longest 
ray,  which  is  2  in  heail;  caudal  i)e<imicle  bnxid,  deep.  2.2  in  head;  sciiles  small,  thin,  i-ycloid;  head 
with  verj'  small  tliin  cycloid  s<"ales  on  oi^cipnt,  cheek,  greater  jjart  of  oi)ercle,  l>ehind  eye,  and  on 
opercles,  otherwL»e  nake«l;  lateral  line  slightly  curve^l  in  front,  then  obliquely  down  to  base  of  caudal. 

Color  in  life,  deep  red,  e<lge  of  upper  jaw  and  lower  tip  golden;  a  long  stripe  lnm\  eye  along  l^iack 
to  base  of  caudal  golden,  with  a  re<l  shade,  a  vertical  l>lack  l>ar  eilge<l  with  golden  alx)ve,  on  opercular 
region;  a  long  blai^'kish  area  covering  it  from  eye  toalx)ve  |>ectoral,  with  some  blackish  before,  behind 
and  above;  a  black  s}>ot  at  Ijase  of  caudal;  dorsal  and  caudal  golden,  fir^t  dorsal  edged  with  violet  and 
with  the  lower  half  violet;  anal  entirely  dee]>  bl«XHJ-red;  ventrals  golden;  {sectoral  retldish,  golden  at  base. 

Color  in  akH.»hol,  ver>'  pale  brown;  a  dusky  Iwind  from  snout  acn>ss  back  of  head  and  on  side, 
fading  out  indistinctly  i>osteriorly;  a  blai'kish  sfM)t  at  middle  of  base  of  caudal;  opercle  posteriorly 
with  black  vertical  blotch;  fins  all  j»ale  or  light  brown. 
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I)e8cril)e(l  from  the  type,  No.  5(X)77,  IT.  S.  N.  M.  (field  No.  0;W89),  an  example  7.5  inches  long, 
taken  at  Hilo,  with  hook  and  line,  in  deep  water  with  KUlim  evuniHj  EUimms  marifhif  Erythrichthys 
jt'hUujrily  Antif/oitiit  Hteindarhiwrt^  and  AiUhiaa  fiisr^ipinnia. 

We  have  examined  oidy  one  example,  the  one  descritei  alx)ve. 

37.  Pseudocheilinus  evanidus  Jonlan  &  Kvermann,  new  sptM'ieH. 

Head  3  in  lenjrth;  depth  3.8;  eye  4.5  in  hea<l;  wiout  3;  preorbital  6.2,  interorbital  5.5;  D.  ix,  11; 
A.  Ill,  9;  sealeH  2-25-<). 

Iknly  short,  deep  and  oompreswHl;  head  lonjj,  conic;  snout  lon^i;,  8hari)ly  conic;  anterior  profile 
rising  in  a  relatively  straight  line  fn>m  tip  of  unout  to  naiw,  thence  gently  convex  to  haw  of  cau<l:il 
peduncle;  ventral  outline  less  convex;  mouth  large,  horizontal,  below  axis  of  l>o<ly,  fi:a|)e  rt»ai*hing 
anterior  line  of  orbit;  upiHjrjaw  wMth  3  pairs  of  antt»ri«>r  canines,  outer  strongest,  curvinl  outwani 
and  l)a(!kward;  lower  jaw  with  a  single  pair  at  tip,  similar  to  inner  alx)ve;  jaws  latenilly  with  a  single 
series  of  smaller  «mic  teeth;  preorbital  narrow,  oblique;  eye  high  up,  its  lower  lx>nlcr  on  axis  of 
Ixxly;  int<;rorbital  si>ac«  rather  broati  and  flat;  depth  of  caudal  ixnlunde  alnmt  2  in  head;  scales  large, 
surfaces  finely  striate;  hea<i,  na|)e,  and  breast  with  large  scales;  lateral  line  following  contour  of 
l>ack  until  under  base  of  sixth  dorsal  ray,  where  it  is  interruptetl,  reapi>earing  2  rows  farther  down  and 
continuing  on  6  or  7  scales  to  liase  of  (.audal  fin;  fins  rather  large;  dorsal  s]>ines  somewhat  greater  than 
eye  in  length,  si)ines  with  a  sheath  of  large  scales  reaching  nearly  to  their  ti{)s;  soft  dorsal  and  anal 
with  a  lower  sheath;  soft  dorsal  elevateil,  rays  injual  to  snout  and  eye;  anal  similar  to  soft  dorsal, 
second  spine  strongest,  nearly  as  long  as  snout;  anal  rays  somewhat  longer,  e<|ualing  those  of  soft 
dorsal;  caudal  rounded,  its  length  1.3  in  head,  its  Imse  covered  with  very  largi*,  thin  wales. 

Color  in  life,  according  to  Mr.  Sindo,  Ixxly  dull  brick-re<l;  l)elly  and  l)astM)f  anal  pale  purplish; 
about  17  thin,  thread-like  Kmgitudinal  yellowish  streaks  along  side  anteriorly;  dark  greenish  blotches 
alM)ve  eye  and  on  snout;  a  bhiish  horizontal  bar  on  cht^ek,  Ik»1ow  which  is  a  yellow  l)ar;  nuMlian  line 
of  throat  and  tip  of  snout  brick-red;  edgt»s  of  oix'rcle  and  preoi:)ercle  bright  purple;  a  purple  stri{>e 
with  reildiah  edges  thnxigh  middle  of  <lorsal  fin,  l)elow  which  the  color  is  dull  brick-reil,  like  that  of 
bwly,  and  above  which  the  spinous  dorsal  is  orange-yellow,  the  margin  t>f  the  membranes  bright 
cardinal-red;  alK)ve  the  purple  streak  in  the  soft  <lorsal  is  a  bright  yellow  strtak,  alK)ve  which  the  fin 
is  cardinal-red,  fading  gradually  upward;  dorsal  rays  purplish;  tip  of  soft  dorsal  somewhat  rtnl;  caudal 
rays  purple,  the  membranes  immediately  next  to  the  niys  yellow,  middle  part  <lull  brick-red;  anal 
same  as  caudal;  ventrals  pale  purplish;  pectoral  \ya\v;  iris  sc^ir let-red. 

The  same  siK*ciinen  after  having  lieen  in  spirits  more  than  a  yedr  has  the  l)ody  light  bn>wnish- 
blue;  a  i)ale  streak  along  each  row  of  scales,  but  no  trace  of  the  narrow  yellowish  strtaks  al>ove  notecl; 
top  of  head  and  upper  part  of  cheek  dusky  blue;  oiH.*rcleand  edge  of  i)reoiien?le  rich  blue;  dorsid,  anal, 
and  caudal  fins  bright  blue,  the  soft  dorsal  pale  on  ouU»r  two-thirds,  dorsal  rays  bright  blue;  ventrals  and 
piHrtoral  light  blue,  latter  darker  blue  at  base.  The  color  of  this  s{>ecimen  in  spirits  is  wholly  different 
from  that  which  it  ix)S8essed  in  life,  and  it  would  Im»  «litficult  to  lK»li(»ve  that  such  changes  ha<l  taken 
place  except  that  the  specimen  was  carefully  taggei I  in  the  field  when  the  color  note  in  life  was  taken. 

8inc<j  writing  the  alx>ve,  we  have  noticed  similar  changes  in  the  Sanoan  sjHH'ies,  J*.  hi\niiiriiui. 
The  blue  shades  are  jKjrmanent  in  spirits,  while  the  pink  or  crimson  wash  s<K>n  vanishes  in  spirits. 

The  17  thread-like  streaks,  mentioned  in  Mr.  Sindo's  field  notes  above,  have  vanishe<l  entirely  in 
the  original  type.  A  numlxT  of  sjHH'imens  taken  by  Mr.  Snyder  at  l^ysan,  while  c)n  the  AlfntfroM^ 
retain  these  traits,  the  strtaks  Ix'ing  almont  white,  like  white  tliR^ads,  coverinir  most  of  the  side 
anteriorly.     This  is  a  very  peculiar  color  mark,  which  should  well  distinguish  the  s|x»cies  in  life. 

A  single  specimen,  tyi»e.  No.  5067S,  V.  S.  N.  M.  (field  No.  05757),  was  taken  by  Mr.  Sindo  in 
Henshaw's  pool  near  Hilo,  a  <lei»p  tide-p(K>l  in  the  lava  nx!k8. 

38.  Hemipteronotus  baJdwini  Jonlan  A  Kvermann,  new  spec'ies. 

Head  3.25  in  length;  depth  3;  eye  5.75  in  head;  snout  1.75;  maxillary  3;  pnM)rbital  2.2;  inter- 
orbital 4.8;  I),  ii-viii,  13;  A.  Ill,  13;  scales  IV-27-S). 

Bcxty  m<Mlerat*»ly  short  and  deep,  grtatly  c!ompn»sscd;  head  slightly  dec»|>er  than  long;  anterior 
profile  marly  vertical  from  mouth  to  inmi  of  eye,  sharply  cultrate;  dorsal  outline  gently  fonvex,  sloping 
to  the  deep  caudal  iH3duncle;  ventral  outline  less  convex;  caudal  |)eduncle  very  narrow,  the  dei)th 
2.25  in  head;  mouth  small,  horizontal,  the  maxillary  nearly  naching  vertical  of  orbit;  the  jawseciual. 
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each  provi<le<l  anteriorly  with  a  jxair  of  t^trong  cur\'ed  canines  and  laterally  with  a  single  row  of  short 
cloee-set  conic  teeth;  lower  jaw  strong,  ita  outline  very  convex;  preorbital  nearly  vertical  and  very 
deep;  preopercle  and  opercle  smooth,  with  membranoui?  e<lgef:,  the  latter  pro<luce<l  «)mewhat  in  a 
broad  roun<leil  flap;  origin  of  dorsal  but  little  posterior  to  orbit,  far  in  a<lvance  ot  Vmse  of  ventrals; 
first  2  dorsal  spines  somewhat  remove<l  from  third  but  connei^te^l  to  it  by  a  low  membrane,  their  length 
scarcely  greater  than  the  gaf>e  of  mouth;  remaining  dorsal  sjuned  short  and  weak,  warcely  equaling 
gape;  soft  dorsal  low,  the  rays  slightly  longer  than  the  spines;  anal  similar  to  soft  dorsal,  rays  some- 
what longer;  caudal  slightly  convex,  rays  2  in  head;  outer  ray  of  each  ventral  somewhat  prrnluceil, 
not  reaching  vent,  the  length  alxjut  1.9  in  head;  pei-toral  broad,  the  longest  rays  1.7  in  head;  s<'aleH 
large,  thin,  smooth,  firmly  attached,  those  on  breast  somewhat  reiiuce<i;  heatl  naked,  except  about  4 
series  of  email  scales  extending  from  eye  downward  to  level  of  mouth;  lateral  line  curving  abruptly 
upward  from  upper  end  of  gill-opening,  following  contour  of  Ixick  to  the  si'ale  undtT  thinl  dorsal  ray 
from  last  where  it  drops  8  rows  and  continues  to  base  of  caudal,  the  iK>res  simi)le,  unbranche<l. 

Color  in  life  (field  No.  0312:^),  pale,  yellowish  white  over  head  and  Ixxly;  a  diffuse  lemon-yellow 
blotch  under  and  alx)ve  pectoral;  a  large  brownish-black  blotch  on  lateral  line  under  seventh  to  tenth 
dorsal  spines;  dorsal  tin  yellowish-white,  tip  of  detached  jxart  with  a  jet-black  crescent  { this  marking 
variable  in  iKDsition,  it  sometimes  l)eing  farther  posterior),  rest  of  fin  faintly  mottleii  with  yellowish 
and  olive,  the  latter  in  narrow  oblicpie  lines;  caudal  yellowish  white;  anal  yellowish  white,  with 
narrow,  waN-^-,  j«ale-blue  lines,  and  a  large  jet-black  sjKDt  l>ordere<l  with  blue  on  membrane  of  last  5 
rays;  iris  whitish. 

Color  in  alcohol,  creamy  yellowish  white;  head  somewhat  orange  on  cheek  and  opercles;  faint 
rosy  lines  <lownward  from  eye  to  mouth  and  on  preopercle;  mediae  line  of  anterior  profile  bluish; 
middle  of  back  with  a  large  black  or  brownish  black  blotch  lying  on  lateral  line,  beneath  which  is  a 
large  white  blot<h  under  and  above  pectoral  fin ;  anterior  part  of  spinous  dorsal  blackish  at  edge,  the 
color  ocellate^l,  rest  of  dorsal  yellowish  white  with  narrow  purplish  cross-lines;  anal  similar,  with  a 
large  jet-black  sjwt  on  last  4  ravs;  caudal  color  of  soft  dorsal;  jKK'toral  and  ventrals  yellowish  white. 

Color  in  alcohol,  of  one  of  the  female  cotypes  (No.  03:572),  pale  olivaceous,  the  general  I'olor  that 
of  the  male;  dorsal  with  ]>lack  si>ots  on  membranes  of  siHond,  thinl  to  fourth,  and  eighth  spines,  the 
latter  ocellate<l ;  a  series  of  alx>ut  a  dozen  small  black  si^^ts  ]>ack  of  the  dorsal  blotch  on  side  above 
lateral  line;  no  black  spot  on  anal. 

The  al)Ove  descrij)tion  base<l  uinm  the  tyi>e,  No.  50644,  U.  S.  N.  M.  (field  No.  0:^14),  a  male 
example,  8.5  inches  long,  obtaineil  at  Honolulu. 

Another  sjXH-imen,  als<3  a  male  (field  No.  0.*i*>71),  was  in  life,  livid  gray;  each  scale  pos-teriorly 
with  a  vertical  sjM:»t  of  violet;  anterior  line  of  i>rofile  bright  vioU-t;  a  violet  line  downwanl  from  eye 
with  a  whitish  art»a  l)ehiud  it  on  clu'ek;  an  oV>li(ine  violet  line  downwanl  and  backward  fn>m 
opercular  fiap  to  l)ehind  axil;  lx*hind  this  a  vague  yellow  area,  l>ehind  which  is  an  ovate  white  spi>t, 
each  scide  around  which  has  a  vertical  bar  of  bright  violet;  al)ove  this  a  large  black  blotch  washe<l 
with  brick-re<l;  dorsal  bluish-gray,  the  rays  jM)steric)rly  with  an  increiisinjr  amount  of  orange,  where 
the  blue  is  riMlucetl  to  ublicpie  cnis.<l>ands,  an  intermarginal  line  of  violet,  a  small  black  spot  <in  la^t 
ray;  membranes  of  se<.*«»nd  to  fourth  <lorsal  spines  with  a  terminal  blark  ocellus;  anal  j»ale  golden, 
with  oblitjue  bluish  stripes,  a  large  jet-black  «x*ellus  IxjnieR'il  with  blue  on  Uist  rays;  caudal  jjale 
orange,  ctoss^mI  by  bluish  lines;  ventrals  and  jK*ctoral  pale. 

Still  another  male  example  (field  No.  (^3004)  was  descril»e<l  as  follows:  <ieneral  color  very  |>ale 
smoky  white,  e<lgesof  scales  j)ale  bluish,  l)eneath  seventh  to  ninth  dorsal  spines  a  large  blotch,  brick-re<l 
alx)ve,  piile  rosy  l>elow,  all  irregularly  overlaid  with  black  or  brown;  mi^lian  line  from  tip  of  snout 
to  base  of  first  dorsal  spine  bright  ]»lue;  a  narn>w  ])right  blue  line  <lownwani  from  anterior  part  of  eye 
to  angle  (A  mouth;  region  alx)ve  i>e<'toral  j>ale  lemon  yellow,  a  short  i>blique  pale  blue  line'al>ove  base 
of  j^ectoral:  dorsal  i>ale  flesh-color,  with  short  vertical  bluish  lines,  with  3  jet-l>lack  siK>tsat  tif«of  first, 
second,  and  fourth  spines;  anal  pale  yellowish,  a  black  sjxjt  on  distal  half  of  last  3  rays;  caudal  i>ale, 
with  ol>s<.'ure  bluish  cross-lines;  pectoral  and  ventrals  white;  iris  yellowish,  red  at  lower  i)osterior  angle. 

Another  examjjle,  a  female  I  field  No.  0.*i372),  7.5  inches  long,  from  ]I(molulu,  which  is  taken  as 
a  cotype,  <liffere<i  in  life  coloration  from  the  male  in  la<*king  the  black  ocellus  on  the  anal  and  in 
having  more  violet  on  the  white  lateral  siM)t,  also  more  gohlen  l>efore  it;  violet  lines  and  sp<.)ts  oljficure, 
but  present;  3  to  8  small  blackish  |xiints  above  lateral  line  Ix'hind  black  dorsal  blotch;  a  small  blac^k 
o<*ellus  on  second  to  thirfl  dorsal  spines  an<l  one  on  seventh  dorsal  spine,  these  wanting  in  some 
lemalet?;  fins  otherwise  colored  as  in  the  males,  but  the  blue  fainter  and  the  orange  of  dorsal  brighter. 
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Another  female  example  (field  No.  03005)  differed  in  color  from  field  No.  0iW)04  only  in  the 
al^sence  of  black  on  the  dorsal  and  anal  fins,  the  i»aler  blue  lineH  on  head,  the  paler  caudal  fin,  and  in 
having  l^lack  H|>otH  on  the  ]>ack.  Another  female  example  (field  No.  03271),  7.5  inches  long,  in  life 
had  the  head  and  l)o<ly  smoky  white;  a  large  bluinh  white  spot  under  tip  of  i>ectoral;  snout  bluish 
around  lK)rder  and  surroundi^l  by  a  bn)ad  pale  yellow  spiice  involving  nearly  all  of  anterior  half  of 
side  l)elow  level  of  eye;  a  large  black  spot  under  fifth  to  sixth  dorsal  spines,  crossing  lateral  line  and 
p<aietrating  yellow  of  side,  nearly  reatrhing  white  spot;  bac:k  of  this  a  series  of  alM)ut  a  <lo7A*n  small 
black  specks,  scattere<l  along  side  above  lateral  line  to  near  end  of  dorsal  fin;  median  line  of  snout 
and  head  ])lue;  dorsal  jiale,  with  wavy  yellow  cross-lines,  pinkish  toward  margin;  (^audal  \y&\e;  anal 
pale,  with  al>out  a  dozen  pale  yelU)w  crossbars;  pect<^>ral  and  ventrals  pale;  iris  yellow  an,d  red. 

'This  l)eautiful  and  abundant  species  is  represent^^d  in  our  collection  by  41  siK'cimens,  19  of  which 
are  malefl  and  22  females.  The  differences  in  coloration  of  the  two  sexes  are  very  marked.  The 
male,  in  all  sjiecimens  examineii,  has  the  jet-black  sjwt  upon  the  last  rays  of  the  anal,  a  marking 
which  is  not  present  in  any  of  the  females  examined.  The  female  always  has  a  series  of  small  black 
8i>ecks  on  the  side  above  lateral  line  posterior  to  the  large  lateral  blotch.  These  markings,  the  small 
black  spota  on  the  side  of  the  female  and  the  large  jet-l)Iack  spot  on  the  anal  of  the  male,  would 
apparently  always  serve  to  distinguish  the  two  sexes. 

The  extent  of  variation  in  color  among  indiviiluals  of  the  same  sex  is  indicatinl  in  the  color 
descriptions  given  above.  We  should  have  added  that  occasionally  there  is  a  small  jet-black  8[K)t 
ui)on  the  last  rays  of  the  dorsal. 

This  is  one  of  the  most  abundant  and  l>eautiful  species  found  among  the  Hawaiian  Islands.  It 
appears  to  he  related  to  i/.  mdcgwptut  of  Hleeker,  but  differs  from  it  markedly  in  the  presence  of  the 
lai^  blai»k  lateral  blotch  and  in  the  absence  of  the  large  red  lateral  blotch  shown  in  Bleeker's  figure. 

This  s|)ecies  is  named  for  Mr.  Albertus  H.  Baldwin  in  recognition  of  his  paintings  of  American 
and  Hawaiian  fishes. 
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LrK'ality. 


Honolulu. 
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do 

do 

do 
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Honolulu. 

do 

do 

<lo 

do.... 

.<lo 

do 
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do.... 


Final  diHpt^wition  of  sfieoimen.s. 


Typo.  No.  50644,  U.  S.  N.  M. 
i  CotyiHj,  No.  2713,  U.  S.  F.  C. 
I  (^otype.  No.  '2714,  U.  8.  F.  C. 

Coty[>e,  No.  7162,  L.  S.  Jr.  Tniv.  Mus. 

(VUype,  No.3961.  Field  Col.  Mub. 

(Vnype,  No.3«;2,  Field  Col.  Mu». 

Cotvpe,  Nt>.  7462,  L.  S.  Jr.  Univ.  Miw. 

Cotvpe,  No.  60645,  U.  8.  N.  M. 

Cotvpe,  No. ,  M.  C.  Z. 

Cotype,  No. ,  M.  C.  Z. 

Cx»tyi»e.  No.  2290,  -\m.  Mus.  Nat.  Hist. 

Cotype,  No.  2291 .  Am.  Mum.  Nat.  Hist. 

Cotvpe,  No.  24219,  Ac.  Nat.  S<'i.  Phi  la. 

Cotvpe.  No.  24220,  Ae.  Nat.  Si»i.  Phila. 

(■<»tvi)e.  No.  9809,  Mum.  Ind.  Tniv. 

Cotype,  No.  9H10.  Mus.  Ind.  Univ. 

Cotype,  No.  1495,  Cal.  Ae.  Sci. 

Cotyi»e,  No.  1496.  Cal.  Ac.  Sci. 

C<»lvpt%  No.  1696,  Binhop  Mu». 

Cotype.  No.  1697,  Biiibop  Muk. 
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Fem 
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....do ... 
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....do ... 
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....do ... 

O.P.J. 
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6.5 

Male  ... 

Locality. 


Honolulu. 
l)o. 
Do. 
I>o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Honolulu. 


a  Collected  by  Jordan  &  Snyder. 

30.  Xyrichthys  niveilatiiB  Jordan  <fe  Everinann,  new  species. 

Head  3.3  in  length;  depth  2.4;  eye  6.2  in  head;  snout  1.8;  preorbital  2;  maxillary  3;  interorbital 
4.7;  1>.  ii-vii,  12;  A.  in,  12;  scales  3-28-8. 

Body  short,  deep,  and  very  greatly  coniprt»88e<l;  anterior  profile  nearly  vertical  from  tip  of  up^KT 
jaw  to  front  of  eye,  thence  in  a  jmrabolit;  curve  to  dorsal  fin;  anterior  dorsal  outline  very  trenchant; 
body  tapering  rather  evenly  from  head  to  caudal  i)eduncle,  which  is  gn*atly  compn^ssed  and  very 
deep,  depth  at  middle  eijualing  preorbital;  head  short;  snout  very  short  and  blunt;  mouth  small,  hor- 
izontal, the  maxillary  nearly  reaching  anterior  edge  of  orbit;  jaws  equal,  each  with  a  }»air  of  strong 
curved  canines  in  front,  and  a  single  series  of  smaller,  conic  teeth  laterally,  the  canines  of  lower  jaw 
most  prominent  and  extending  in  front  of  ujuHjr  jaw;  eye  small,  high  up;  the  interorbital  spatv  narrow 
and  trenchant;  opercles  smooth,  without  spines  or  serrations,  ending  in  thin  flexible  edges;  preorbital  ^ 
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vertical  and  very  deep;  origin  of  dorsal  fin  above  iKX?torior  line  of  orbit,  far  in  advance  of  \fSL8e  of  ven- 
trale;  first  2  dorsal  jspinen  Homewbat  roniove<l  but  not  detache<l  from  tbird,  tbe  nienil)rane  l)etwi'«'n 
second  and  third  spines  ni<xlerateiy  notched,  length  of  neeond  Hpine  alxmt  2.7  in  head,  n*imiininjir  dorsal 
spines  Hube<iual,  weak,  a^K>ut  equal  to  gap<»;  dorsal  rays  low,  the  la^-t  few  somewhat  pnMluctMl,  their 
length  3  in  head;  anal  similar  to  softdorKd;  caudal  short,  slightly  convex,  rays  al)out  e<iual  to  preorl>- 
ital;  outer  ray  of  ventral  somewhat  produceil,  not  n*aching  vent,  its  length  e<iualing  depth  of  pn»orbital; 
pectoral  broa<l,  its  tip  reaching  vent,  its  length  (^jualing  <listance  from  snout  to  e<lge  of  pn*oix*rcle. 

Scales  large,  thin,  and  with  meml)ranous  e<lges,  those  on  breast  somewhat  smaller;  head  entirely 
naked,  ext*ept  for  a  few  small  scales  Inflow  the  eye;  lateral  line  l)t»ginning  at  upper  en<l  of  gill-ojjening 
following  closely  the  curvature  of  back  to  the  scale  under  the  la^^t  dorsal  ray  but  2,  when*  it  drops  3 
scales  and  continues  to  ba«e  of  caudal,  the  pores  simple,  rarely  l)ranche<l. 

Color  in  life,  grayish;  each  scale  of  iM>sterior  half  of  IkmIv  with  a  large  violet  spot,  more  narrow 
and  brighter  near  middle  of  Ixxly,  the  edg<^  of  each  scale  broadly  goMen-olive;  a  large  golden  ana, 
anteriorly  deep  orange,  alx)ve  pectoral  and  on  e<ige  of  open'le;  Ix'hind  this  a  large  <iuadrate  i)ure  white 
area  extending  to  tip  of  pectoral;  a  few  scales  in  golden  an*a  with  bright  violet  markings;  hea<l  sha<leti 
with  violet,  a  bright  violet  stripe  downward  from  eye  to  behind  angle  of  mouth;  a  lunate  black  area 
sliaded  with  red  just  l)elow  front  of  soft  dorsal;  spinous  dorsal  violet-gray,  edgeii  with  reildish;  soft 
dorsal  golden,  with  violet  vermiculations  at  base,  its  edge  orange;  anal  golden,  with  bluish  vermicula- 
tions;  caudal  similar,  with  the  bluish  markings;  |x»i'toral  faintly  re<ldish;  ventrals  dirty  white. 

One  of  the  cotypes,  a  male  (field  No.  03373),  agreeil  in  life  coloration  with  the  type  except  that 
behind  the  o[)ercle  is  a  golden  area  with  the  bright  violet  stripes  a<Toes  anterior  basal  part;  behind 
this  a  large  milk-white  patch  beyond  tip  of  i>ectoral;  a  violet  Iwrder  was  around  the  white  and 
blackish  above  the  vellow. 

Color  in  alcohol,  dirty  yellowish  white,  dusky  alx)ve;  head  with  some  purplish  n»flections;  a  thin 
purplish  line  downward  fn>m  anterior  edge  of  orbit  to  tip  of  maxillary*,  a  similar  but  less  distinct  line 
from  humeral  region  downward  to  subojierde;  a  yellowish  white  blotch  on  side  above  base  of  jH^ctoral, 
in  the  base  of  which  are  2  or  3  small  purpli.^^h  spots;  a  large  white  area  on  middle  of  si<le  under  and 
above  tip  of  pectoral,  sej>arated  fn)m  the  yellowish  blotch  by  purplish  brown  on  2  or  3  scales;  a  black 
siM>t  covering  the  larger  part  of  3  scales  on  side  al)ove  lateral  line  under  l>ase  of  first  3  dorsal  rays,  l>ack 
at  base  of  last  dorsal  rays  somewhat  dusky;  anterior  j>ortion  of  dorsid  fin  dusky  olivaceous,  soft  dorsal, 
anal  and  caudal  pale  yellowish  crossed  by  narrow,  wavy,  pale  purplish  lines;  ventrals  and  pectoral 
plain  yellowish  white. 

This  handsome  fish  is  rather  common  al)out  Honolulu. 
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Finul  di>iM>sition  of  }*[MTinu'n. 


Honolulu Tv|K'.  No..'><Nl4fi,  r.S.  X.  M. 

do Ci.tviH',  N«».:jyti<),  Fk-ld  Cnl.  .Mu.«i. 

do CotyiK'.  No.  271'>.  W  S.  F.  ('. 

do C^oiyiK.',  N<».  l\(Kt,  L.  S,  Jr.  rniv.Mu*. 

do '  roty[K\  No. ,  M.  C.  Z. 

do Cotypt*.  No.  22y2,  Am. Mu-s  Nat.  Hist. 


Family  SC.\KID.4:.     The  Parrot- fishes. 
40.  Scarus  jenkinsi  Jonlan  <&  Evermann,  new  s]>ecies. 

Head  3  in  length;  depth  2.5;  eye  6.5  in  head;  snout  2.6;  preorbital  4.7;  intemrbital  3;  I),  ix,  10; 
A.  Ill,  9;  P.  13;  scales  2-24-7. 

BckIv  short,  very  deep  ancl  greatly  compressed;  head  short,  nearly  as  det^p  as  long,  snout  short 
and  blunt;  mouth  small;  (?ach  jaw  with  1  or  2  blunt  canines;  dorsal  and  ventral  cjutlines  alniut  ecjually 
convex;  anterior  profile  rising  rather  irregularly  from  tip  of  snout  to  origin  of  dorsal;  caudal  i>eduncle 
deep,  its  least  depth  2  in  head.  Scaler  large,  deei)er  than  long;  2  rows  of  largt*  scales  on  cheek  and  1 
row  on  subopercle;  a  row  of  thin  mcnlified  scales  at  base  of  dorsal  and  anal;  a  few  very  large,  thin 
scales  on  base  of  caudal;  lateral  line  ceasing  under  last  dorsal  ray,  nap[)(*aring  2  rows  lower  down  and 
continuing  to  base  of  caudal,  the  pores  with  2  or  3  irn»gidar  branches;  dorsal  rays  soft  and  flexible, 
not  pungent;  dorsal  spines  somewhat  elevate<l  inisteriorly,  longest  a  little  mon*  than  2  in  head;  first 
ventral  spine  obscure,  the  others  scjft  and  flexible;  anal  rays  somewhat  shorter  than  those  of  dorsal; 
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caudal  shallowly  lunate,  the  outer  rays  not  preatly  pro<luee<l;  ventrals  moderate,  1.6  in  head,  not 
reaching  to  origin  of  anal  by  a  distance  equal  to  two-fifths  their  length;  i)ectoral  broad,  1.2  in  head. 

Color  of  a  nearly  fresh  specimen,  bright  blue-green,  brightest  on  posterior  half  of  Ixxiy,  each 
scale  broadly  edged  with  reddish  brown;  lower  anterior  part  of  Ixxly  reddish  brown,  with  traces  of 
blue-green;  top  ()f  head  brownish  red  or  (;oppery,  a  broad  deep  blue-green  band  on  the  ui)|)er  lip, 
extending  on  side  of  head  to  below  eye;  lower  lip  with  a  narrow  brighter  blue-green  Imnd  connecting 
at  angle  of  mouth  with  the  one  from  upi)er  lip;  chin  with  a  broad  coppery-rtni  bar,  followed  by  a 
broader  bright  blue-green  one;  caudal  green,  meilian  part  pale,  banded  with  greeh  spots;  dorsal 
bright  green  at  base  and  tip,  the  middle  pale  greenish,  translucent;  anal  similar,  the  distal  band 
broader;  pectorals  and  ventrals  deep  vitriol-green  with  whitish  markings. 

Color  in  alcohol,  dirty  greenish,  side  with  about  8  longitudinal  series  of  greenish  blotches;  head 
olivaceous  above,  paler  on  cheeks;  upper  lip  broadly  i^ea-green  at  edge,  this  color  continueil  l)ackward 
to  under  eye;  edge  of  lower  lip  pale  green,  continue<l  around  angle  of  mouth  uniting  with  the  same 
color  from  upper  lip;  chin  with  a  broad,  pale  crosslmr  behind  which  is  a  broader,  pale  green  one 
which  extends  up  on  cheek  nearly  to  orbit;  back  of  this  is  a  still  broader,  white  crossbar  interrupted 
in  the  middle  by  greenish;  subopercle  and  lower  edge  of  preopercle  with  a  large,  irregular,  green  patch; 
a  median  green  line  on  breast  to  base  of  ventrals;  dorsal  green  at  base  and  along  edge,  the  middle 
portion  paler;  anal  similar  to  dorsal,  the  green  border  broader;  caudal  bright  pea-green  on  the  outer 
rays,  the  inner  ones  pale  with  4  or  5  cross-seric«  of  green  spots,  tips  of  rays  darker;  ventrals  pale 
green,  the  edges  dark  pea-green;  pectoral  pale  greeu,  darker  grei*n  on  the  upper  rays. 

This  species  is  related  to  Scarus  giWerti  from  which  it  differs  in  the  greater  depth  and  the  somewhat 
different  coloration.  It  is  also  related  to  Scarus  lanioy  but  differs  in  the  much  greater  depth,  the 
lees  produced  caudal  lobes,  the  greater  width  of  the  green  head  markings,  and  the  color  of  the  fins. 

Only  one  si)ecimen  was  obtainwl,  type,  No.  50647,  U.  S.  N.  M.  (field  No.  02944),  14  inches  long, 
obtained  at  Honolulu,  June  6.     Named  for  Dr.  Oliver  P.  Jenkins. 

41.  Scarus  lauia  Jordan  &  Evermann,  now  species.     '^Lauia,'* 

Head  2.8  in  length;  depth  2.7;  eye  6.75  in  head;  snout  2.6;  preorbital  4.8;  interorbital  2.8;  D.  ix, 
10;  A.  HI,  9;  P.  13  on  one  side,  14  on  other;  scales  2-25-6. 

Body  short,  stout  and  compresseii;  head  heavy;  snout  rather  short,  bluntly  rounded;  dorsal  and 
ventral  outlines  a}>out  equally  arched,  anterior  profile  slightly  concave  befort*  the  eyes;  najx^  strongly 
convex;  mouth  small,  nearly  horizontal,  in  axis  of  Ixnly;  upp<»r  jaw  with  1  or  2  moilerately  strong, 
backwardly  directeil  canines;  a  similar  but  smaller  canine  8ometimt»s  present  on  lower  jaw;  cutting 
edge  of  upper  jaw  fitting  outside  that  of  lower;  teeth  white;  eye  small,  entirely  alx)ve  axis  of  Ixxiy; 
opercle  with  a  broad  short  flap.  Scales  large,  their  surface  with  line  lines  and  granulations;  nape  and 
breast  with  large  sc^alee;  cheek  with  2  rows  of  large  scales,  alx)ut  7  scales  in  each;  sul)opercle  and 
lower  limb  of  preopen-le  e.ach  with  a  row  of  scales;  opercle  with  large  scjiU*s;  lateral  line  broken  under 
last  dorsal  ray,  reappearing  one  row  lower  down  and  continuuig  to  caudal  fin,  the  pores  with  2  to  4 
branches;  a  series  of  thest^  oblong  scales  along  l)ase  of  dorsal  and  anal;  bas<»  of  cau<ial  with  3  (►r  4  very 
long,  thin  scales.  Dorsal  spines  soft  and  flexible,  not  pungent,  the  longest  al)out  2.7  in  hea<l;  soft 
portion  of  dorsal  somewhat  higher,  es})ecially  iM)steriorly  where  the  rays  an*  alKuit  2.4  in  head;  anal 
spines  soft  and  flexible,  the  first  obsirure,  the  third  al)out  4.3  in  head;  anal  rays  higher,  the  last  but  one 
longest,  3  in  hea^l;  caudal  deeply  lunate,  the  3  or  4  outer  rays  above  an<l  lx»low  pnKluceti,  length  of 
middle  rays  2.3  in  head,  or  2  in  outer  rays;  ventrals  mo<lerate,  not  reaching  vent,  1.9  in  head;  pectoral 
broad,  the  free  margin  oblique,  length  of  longest  rays  1.3  in  heii<l. 

C/olor  in  life,  head  brownish  yellow  before  eyes,  the  jaws  lighter  yellow;  cheek  washed  with  ])rown- 
iflh  and  blue,  throat  greenish;  nuchal  and  oi)ercular  regions  brownish  orange;  Inxly  salmon-color 
'  above,  the  l)elly  lighter  yellow,  most  of  the  scales  with  an  edging  of  greenish  blue;  a  deep  blue  line 

from  nostril  Ixifore  and  behind  upptT  part  of  eye;  upper  lip  deep  hhw,  the  streak  forming  an  inter- 
rupted line  before  eye;  lower  jaw  with  2  blue  cross-lines,  1  marginal;  a  dark  blue  spot  l)ehin<l  angle 
of  mouth;  deep  blue  blotches  on  interopercle;  dorsal  deep  blue  with  a  f)eculiar  jagged  stri|>e  of  light 
brownish  yellow;  anal  with  blue  spots  at  l>ase,  then  light  yellow,  then  deep  blue,  then  green  with  blue 
edge;  caudal  brownish  yellow,  with  bright  blue  edgings  and  a  me<lian  area  of  bright  golden  green; 
ventrals  golden,  trimmeil  with  bright  blue;  pectoral  golden  with  deep  blue  above  and  greenish  biye 
on  lower  rays,  a  salmon  streak  across  base  with  gri^nish  blue  behind  it 

Color  in  life  of  another  example  (No.  0,3040,  10  inches  long),  i>ale  coppery  rosy,  darker  on  first  3 
rows  of  scales;  the  center  of  each  scale  in  the  first  5  rows  greenish  blue;  under  parts  pale  rosy,  with 
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orange  wash;  head  i>ale  rosy,  a  small  postooular  blue  spot,  a  short  blue  line  forwanl  from  eye,  and  a 
eeft.>ud  of  same  color  on  upper  lip  and  across  cheek  to  eye,  where  it  ha^  a  slight  break,  then  continues 
under  eye  as  a  greenish-blue  bar;  under  lip  with  narrow  ]>lue  inlge;  chin  fa«le<^l  salmon  with  a  double 
blue  crescent;  sjiace  from  chin  to  isthmus  bright  blue;  an  oblong  bright  ]>lue  8iH)t  on  suboj^ercle, 
behind  which  is  a  smaller  irregular  one  b<>nlere<l  above  by  a  l>roa<l  greenish-bhie  space;  tlorsal  green- 
ish blue,  with  a  broad  submedian  orange  l>antl,  the  lower  greenish-])lue  band  made  up  of  large,  s<arcely 
connecte<l,  l>luish  spots,  the  upper  half  c<>ntinuous  with  a  narrow  bright  blue  bonier;  a  small  orange 
Idotch  on  base  of  last  dorsal  ray;  caudal  i»ale  rosy  at  base,  then  with  a  greenish  Iwir,  folluweil  by  a 
broad  n>sy  bar,  then  by  a  broad  teniiinal  greenish-bhie  bar,  dark  blue  in  front,  greenish  in  middle 
and  pale  blue  on  outer  third;  uppi-r  and  lower  e<lges  of  caudal  blue,  below  which  is  a  broa<l  rosy 
orange  strij^;  anal  greenish  blue  at  ba.<<\  then  a  broa<l  orange  strij:>e,  the  ruiter  half  greenish  blue  with 
narrow  bright  blue  edge;  pectoral  orange  anteriorly,  j^ale  bluish  I jehind,  the  anterior  liorder  blue;  ven- 
trals  orange,  anterior  e<lge  and  tip  blue:  iris  j)ale  orange. 

Color  in  spirits,  light  dirty  grayish  white,  lighter  Ijelow;  a  narrow  pea-green  strij)e  on  edge  of 
upper  lip,  breaking  up  into  irregular  si>ots  fr«»m  angle  of  mouth  to  lower  e<lge  of  orbit,  a  similar  stripe 
from  nostril  to  eye  and  slightly  l)eyond  upi>er  iK)sterior  l>on.ler  of  eye;  these  lines  sometimei*  continu- 
ous and  unbroken;  lower  jaw  etlgeil  with  green,  a  broader  i)ea-green  cross-strijn^  at  anterior  edge  of 
branchiostegal  oiK?ning;  suboi)ercles  each  with  a  broad  green  strijx?;  line  of  union  of  gill-membranes 
broadly  green;  dorsal  with  a  series  of  large  olive-green  sjx)ts  at  base  and  a  bnuid  l>an<l  of  similar  color 
on  distal  half,  these  separateil  by  a  paler  l>and  and  cut  by  intrusions  from  it  }^)Xh  al>ove  and  l^low; 
dorsal  fin  with  a  very  narrow  paler  bonier;  and  with  a  serii's  of  greenish  sj^ots  at  base,  then  a  broa<l 
pale  yellowish  white  line,  boundeil  distally  by  an  indefinite,  wavy,  black  line  shading  off  into  the 
greenish  of  the  distal  half;  last  ray  of  anal  dusky  on  its  outer  thinl;  caudal  greenish-olive  at  lyase  and 
on  produced  outer  rays,  eilges  of  tin  al)Ove  and  l>elow  green;  middle  rays  with  a  brr)a<.l  lunate  area  of 
pale  green,  8calloi)e<l  proximally  by  dark  green,  separate<l  from  the  lighter  green  base  by  a  broad 
whitish  interspace,  the  upj>er  and  lower  edge  also  darker  green;  ventrals  creamy  white,  the  outer  edge 
pale  greenish;  j)ectoral  whitish,  the  uppi'r  e<lge  dusky. 

There  is  some  variation  in  the  width  of  the  green  markings  on  the  head,  sometimes  the  stripes  on 
the  lower  part  of  the  head  lx»ing  verj*  broad. 

This  species  is  relate^l  to  Styirns  gilfn-rti,  from  which  it  differs  in  the  more  strongly  pnnhiceil  caudal 
lobes,  in  the  narrower  lines  on  the  snout,  the  broader  green  lines  r>n  the  throat,  the  al>sence  of  a  green 
me<!Kan  line  on  the  breast,  and  in  tne  ver\'  different  coloration  of  the  this. 


FicM 
No. 


034S5 
04152 
03010 
04353 
04352 


Length. 


14 
14 


LocHlitv. 


Hilo 

Honolulu. 

! do 

I <lo 

: do 


Final  dispof^itlon  of  .*jj>eoimen. 


,'  Type.  No.  50t>48.  r.  P.  N.  M. 

,  I  Cotype,  No.  74M.  L.  S.  Jr.  I'niv.  Mus. 

.'  rotyiK-.  No.  2711).  r.  S.  F.  C. 

.    Colvpe,  No.ysil.  Ind.  Tniv.  Mu«. 

. ,  Cotype,  No.  3964,  Field  Col.  Mas. 


Aljo  one  specimen  i^No.  12046).  9  inches  long,  o))talne<l  by  Dr.  Wotxl  at  Honolulu. 


42.  Scarus  barborus  Jonlan  «fe  Evermann,  new  species. 

Hea<l  3.2  in  length;  <lepth  3.2;  eye  6.6  in  head;  snout  2.9;  interorbital  2.9;  preorbital  4;  D.  ix, 
10;  A.  Ill,  9;  P.  14;  scales  2^2.>-6. 

l^nly  oblong,  not  very  deep  nor  greatly  compressed;  hea<l  about  as  long  as  deep,  conic,  com- 
pressed; snout  short,  blunt  and  n)unde<l;  upper  jaw  proiluced,  its  lip  double,  C4>vering  entire  dental 
plate;  lower  lip  covering  half  of  <lental  plate;  no  canine  teeth;  eye  anterior,  high,  itrf  lower  bonier  con- 
siderably alx>ve  upper  ba^^e  of  ])ectoral;  caudal  jXHluncle  short  and  deep,  its  depth  2  in  hejid. 

Origin  of  dorsal  over  up]>er  ba.»^*  of  j^ctoral,  spines  flexible,  short,  not  quite  as  long  as  rays;  long- 
est ray  2.1  in  head;  lt»ngest  anal  ray  2.2  in  head;  caudal  truncate;  ventrals  1.9  in  hea<l,  not  reaching 
vent  by  half  their  length;  ixrtoral  1.5  iu  head.  Sc:des  large  and  thin,  very  slightly  roughened  by 
radiating  lines  of  granulations  extending  to  margins  of  s<.*ales;  lateral  line  intemipted,  the  i)ores  being 
on  18  scales,  then  dropping  2  rows  to  row  of  s<^les  under  i>osterior  base  of  dorsal,  and  continuing  to  base 
of  caudal  on  middle  of  caudal  iHHluncle,  7  j»ores  in  the  shorter  part,  which  l)egins  on  the  row  following 
the  row  on  which  the  upper  part  ends,  there  not  l>eing  2  pores  in  the  same  njw;  the  scales  extend  well 
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out  on  the  caudal,  the  last  scale  of  lateral  line,  very  large  and  thin,  being  the  largest  scale  on  the  fish; 
4  scales  in  median  line  l)efore  dorsal;  2  rows  of  scales  on  cheek,  5  scales  in  upper  row  and  2  to  4  in 
lower,  sometimes  only  2  on  posterior  part;  2  rows  on  opercle,  and  1  on  lower  margin. 

Color  in  alcohol,  grayish  leaden  brown,  lighter  below;  no  markings  on  fins  different  from  corre- 
sponding parts  of  body  evi<lent. 

The  above  description  is  based  on  the  type,  No.  50649,  U.  S.  N.  M.  (field  No.  04316),  a  specimen 
7.75  inches  long,  from  Honolulu;  cotype,  No.  27J^,  IT,  8.  F.  C.  (field  No.  Q^i'H),  7.5  inches  long,  from 
Honolulu;  cotype.  No.  7465,  L.  8.  Jr.  Univ.  Mus.  (field  No.  650),  5.5  inches  long,  from  Honolulu. 

Family  TEUTHIDIDiC.     The  Tangs. 
43.  Teuthis  atrimentatus  Jordan  &  Evermann,  new  species. 

Head  3.8  in  length;  depth  1.9;  eye  4.2  in  head;  snout  1.2;  interorbital  3;  D.  ix,  27;  A.  in,  25. 

Bo<ly  deep,  compressed,  ovoid,  the  upi)er  profile  steeper  than  lower,  evenly  convex;  jaws  low,  not 
produced,  lower  inferior;  mouth  small,  inferior;  t^^eth  broatl,  compressed,  e<lges  crenulate;  nostrils 
close  together,  anterior  larger,  with  small  fleshy  flap;  anterior  dorsal  spines  graduated  to  posterior,  the 
longest  1.5  in  head;  fourth  dorsal  ray  1.4;  third  anal  spine  longest,  1.9;  first  anal  ray  1.5;  caudal  large, 
emarginate,  upper  and  lower  rays  produced  in  sharj^  angular  points,  upper  much  longer  than  lower; 
I)ectoral  about  3.5  in  body;  ventrals  shari)-pointed,  3.6  in  body,  spine  half  the  length  of  fin;  caudal 
I>e<luncle  compressed,  2  in  head;  caudal  spine  large,  deprcssible  in  a  groove,  3.1  in  head;  scales  very 
small,  ctenoid,  few,  and  very  minute  on  vertical  fins;  lateral  line  high,  archeil,  at  first  descending 
un<ler  fifth  dorsal  spine,  then  straight  to  below  middle  of  soft  dorsal,  finally  falling  down  and  running 
along  side  of  caudal  i>eduncle  to  tail. 

O>lor  in  life  (No.  02996),  coppery  brown,  crossed  by  numerous,  very  narrow,  pale  blue  lines,  those 
above  axis  of  Inxly  ninning  somewhat  upward  and  backward,  and  with  short  broken  lines  of  same 
interspersed,  those  l^elow  more  Regular  but  less  distinct;  cheek  brassy,  with  alx)ut  5  narrow  pale  blue 
lines  from  eye  to  snout;  a  conspicuous  jet-black  spot  on  caudal  peduncle  at  base  of  last  dorsal  ray,  eai^h 
of  these*  extending  slightly  upon  pale  rusty,  each  with  5  or  6  narrow  brassy  lines  parallel  with  margin; 
e<lge  of  each  blackish;  last  niys  of  dorsal  and  anal  more  brassy;  caudal  dark,  blackest  on  outer  part  of 
middle  rays;  pectoral  pale  lemon;  ventrals  dusky,  blacker  toward  tips;  iris  brownish,  white  on 
posterior  part.  Another  example  (No.  03474)  was  dull  olive-gr^,  unmarked,  save  a  faint  whitish 
band  across  nape  and  l>ack  part  of  head ;  fins  plain  dusky  gray. 

C<jior  in  alcohol,  very  dark  chocolate  brown;  side  with  about  40  narrow  irregular  or  incomplete 
series  of  indistinct  dark  slaty  longitudinal  lines;  cheek  with  similarly  colored  lines  running  obliquely 
downward;  fins,  except  pectoral,  all  more  or  less  blackish  or  dusky;  dorsal  with  about  5  blackish 
longitudinal  bands;  anal  with  several  similar  indistinct  blackish  bands;  base  and  axils  of  last  dorsal 
and  anal  rays  blackish ;  i>ectoral  brown. 

This  common  Hi>ecies  is  well  distinguished  from  Teuthis  diistnimieri  and  other  streaked  species  by 
the  black  ink-like  sjwt  in  the  axil  of  the  dorsal  and  anal  fin.  It  has  several  times  been  recorded 
under  the  erroneous  name  of  Acanthunis  lineohttitSy  but  the  species  originally  called  by  that  name  must 
1)0  something  else.  Numerous  specimens  were  obtaincnl  by  us  at  Honolulu,  where  it  was  also  secured 
by  Dr.  Jenkins  and  Dr.  Wood.     We  have  examined  the  following  examples: 
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Lenprth. 

LtK'Ality. 

054^1 
02996 

Inchc*. 
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6.8 

Honolulu 
do ... 

08146 
<tt*i05 
o:t474 

5.7 
5. 75 
4.5 

d<) ... 

do  . . . 

do  . . . 
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6. 75 

do ... 

05018 

4 

do  ... 

05020 

5. 2 

do  ... 

05365 

5.6 

do  - . . 

Final  dLsiRMiitiou  of  8p<*ci- 
men. 


Typf,  No.  50673,  U.S.  N.  M. 

Coty^,  No.  7482,  L.  S.  Jr. 
Univ.  Mus. 

CTotypo,  No.  2731,  U.  S.  F.C. 

(•^)tv|H',  No. ,  M.  (\  Z. 

.  CotviH?,  No.  2301,  Am.  Mus. 

I      Nat.  Hist. 

i  Cotvpe,  No.  24229,  Ac.  Nul. 

I      Sci.  I'hila. 

'  (^otyK,  No.  39<k5,  Meld  Col. 

MtL«4. 

Cotype,  No.  9818,  Ind.  Univ. 

MUH. 
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Family  BALISTID.^.     The  Trigger-6shes. 

44.  Pachynathus  nycteris  Ionian  A  Evermann,  new  gpeciee. 

Head  3.5  in  length;  depth  1.9;  eye5inht'a'l:  snout  1.25;  interorbital  2.6;  preorbital  1.5.  D.  iii-33; 
A.  29;  scales' aV»out  SO.  Bixi y  short,  stout,  deep,  and  greatly  roniprease<l;  lu^  short;  <lon»l  and  ventral 
I»rotilej* alx>ut  equalh*eurve<l;  <*audal  j:»i'<luncle short,  compressetl,  its leatiit  depth al>out  twi« v  diameter  of 
eye,  its  least  width  aV>out  e<}ual  to  diameter  of  eye;  a  short  horizontal  gnxne  in  front  of  eye  l»elow  no:*trils; 
nostrils  small,  close  t4)gether  in  front  of  upi»er  part  of  eye;  teeth  brciail,  <'lose-set,  forming  a  continuous 
plate,  the  teeth,  however,  not  nnitiHl;  lii»sthin;  mouth  small,  horizontal,  in  axis  of  Ixxly;  lower  jaw  very 
slightly  the  longer;  gill-oj^ening  short,  nearly  vertical ;  a  group  of  In^ny  .s<*utes  under  i>ectoral  liack  of  gill- 
opening,  one  of  these  c^onsiderably  enlarge<l;  s^-ales  regularly  arrange«l  in  rows,  their  surfaces  granular; 
lateral  line  beginning  at  posterior  e<lce  of  eye,  ascentling  to  within  7  scale:?  of  ffjiinous  dorsal  an<l  ct>n- 
tinuing  to  near  origin  of  soft  dorsal,  where  it  disappears;  scales  on  i>osterior  portion  of  iKxly  an<l  on 
cau<lal  pe<luncle  eat^h  with  a  slitrhtly  raise<l  cref^t  at  its  cent4.T,  these  fonning  series  ai  ritlges  along  the 
side.  First  dorsal  spine  St nmg,  l)lunt,  ami  rough,  its  length  alnuit  2  in  hea<l;  second  dorsal  spine 
shorter  and  much  weaker,  iu*  length  scarcely  more  than  one-thim  that  of  first;  thin!  dorsal  spine 
remote  fnjm  the  second  and  very  short,  not  extending  alcove  <lorsal  groove;  8i)ft  dor^sil  gently  rounde<l, 
its  rays  of  approximately  eipial  length,  the  longest  e<jualing  the  distance  from  tip  of  snout  to  posterior 
edge  of  eye;  base  of  soft  dorsal  slightly  greater  than  distance  from  tip  of  snout  to  i>08terior  base  of  first 
dor>7al  spine  oretiualing  distance  from  tip  of  snout  to  Inwer  Ijase  of  jjectoral  axil;  anal  similar  t4)  soft 
dorsali  the  rays  s^^mewhat  longer  than  thr>se  of  s<jft  dor«il,  the  liase  somewhat  shorter;  cau<lal  short 
and  rounded,  the  rays  alx>ut  1.75  in  hea^l;  pet-toral  short,  the  upper  rays  longest,  ab<»ut  3  in  Iiea^l. 

CJolor  in  alcohol,  rich  l>rownish  or  velvety  l>Iack;  spinous  tlorsal  black;  soft  dorsal  j»ale  yellowish 
Dr  whitish,  margined  with  black,  the  lower  half  crost^e*!  by  4  narn»w  (larallel  black  lines;  anal  similar 
to  soft  dorsal,  but  with  only  2  narrow  black  linea  on  its  basal  half;  caudal  dusky,  yellowish  at  tip; 
pectoral  yellowish. 

Only  one  specimen.     Type,  No.  50821,  U.  S.  N.  M.  ^^ field  No.  05089),  0.25  inches  long,  Honolulu. 

Family  TETRODONTID.^.     The  Puffers. 

45.  Ijagt>cephalus  oceanicus  Jonlan  (.V  Evennann,  new  spe<'ies. 

Head  2.8  in  length;  depth  3.6;  eye  4.5  in  head;  snout  2.4;  interorbital  3.2;  depth  of  caudal 
peduncle  6;  D.  12;  A.  12;  C.  10;  P.  14. 

Bo<ly  rather  el«»ngate,  mo4lerately  compressed,  greatest  depth  at  vertit^l  of  pe<"toral;  head  long; 
snout  long,  blunt  at  tip,  the  sides  riattene«l;  anterior  profiU*  fn:»m  tip  nf  snout  to  vertical  of  pectoral  in 
a  long,  low,  even  curve;  ventral  outline  little  convex  when  not  infiate<l;  mouth  small;  ttvth  iK»inte<l  at 
median  line,  the  cutting  e<lge  shari>;  n<»strils  sejiarate,  nnt  in  tul>es,  the  anterior  somewhat  the  larger, 
their  di.*»tance  from  eye  about  lialf  their  di.'^tance  from  snout  or  al>out  half  the  interor]>ital  sp;ict*;  gill- 
opening  vertical,  1.2  in  eye,  extending  a  little  alxne  l»ase  of  ]»ect<»nil,  inner  flap  entirely  hidden  by 
outer;  eye  rather  laiige,  wholly  alxjve  axis  of  Ixxly;  inten)rl)ital  si>ii<*e  very  little  convex;  cheek  U)ng; 
caudal  jxHiuncle  nearly  round,  tapering,  it<  length  fn>m  anal  fin  eijualing  snout;  liack,  upj>er  parts  <  f 
sides  and  entire  ht»ad  entirely  smo<>th,  no  spines  or  prickles  evident;  l»t*lly  covere«l  with  small  4-n:M>ted 
spines,  most  prominent  when  lx»lly  is  inflate<l,  spiniferous  area  not  extending  on  thmat  anterior  t«j  eye, 
nor  on  side  al)ove  l>a.«e  of  ptvtoral.  but  in  fn^nt  of  anal  extending  upward  to  level  of  lateral  fold;  a  line 
of  very  small  mucous  jn^res  curving  alx>ve  eye  on  interorbital  .•^>a4-e;  a  strong  cutanec>us  fold  on  lower 
part  of  side  <jf  caudal  fKxluncle  (nmi  alx)ve  anterior  l>ase  of  anal  to  lower  l»a.se  of  cau<lal  fin;  no  denual 
fold  on  head  or  anterior  part  nf  ImxIv;  mucous  |H)res  inct^nspicuous;  dorsal  fin  somewhat  anterior  t<» 
anal,  pointed,  anterior  rays  prtMluce*!,  their  length  c>qual  to  that  of  .snout;  anal  similar  to  dorsal,  its 
rays  somewhat  longer;  (*au<lal  lunate,  outer  rays  about  2  in  heail;  jxvtoral  l»road,  its  length  a  little 
greater  than  .snout,  2.3  in  head. 

Color  in  life,  back  blackish,  fading  into  deep  steel-blue  on  side;  side  and  lx?low  from  level  of 
upper  e^lge  of  eye  abruptly  silvery-blue;  sides  of  l>elly  white,  with  roun«l  black  sjMits  about  as  lai^ge  as 
pupil,  these  must  distinct  about  pectoral,  liefore,  lielow,  and  Ixfhind  the  fin;  upper  fins  dusky;  caudal 
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mottled  black,  tipped  with  white;  |>ertora]  black  above  and  behind,  pale  l)elow;  anal  |>ale,  broadly 
tii)i)e<l  with  blackish. 

(■olor  in  alcohol,  bliiiph  black  al)ovo;  fii<le  from  upper  level  of  eye  abruptly  bluiflh  nilverj';  back 
crossi^d  by  7  or  8  narrow  <larker  «To88-streaks;  lx»lly  white,  with  a  nerieH  of  aU)ut  9  to  12  small 
roundish  black  siK)ts,  chiefly  l>elow  the  j)ectonil;  cheek  dusky;  i>ectoral,  dorsal,  and  caudal  dusky, 
tii»s  of  the  latter  paler;  anal  whitish,  a  little  dusky  at  tip.  A  somewhat  smaller  example  (4.5  incheH 
lon^')  has  larjjer  <lark  spots  alon^  middle  of  sidti  alK)ve  level  of  pectoral. 

This  siM'cics  is  known  to  us  from  2  small  examples  obtainwl  in  the  market  of  Honolulu.  It  is 
related  io  Ijujocephahin  mteilntu^  (Donovan)  of  Europe  (Tetrodov  hiywrphnlus  of  (iiinther,  not  of 
Linmi'us),  but  differs  in  the  much  shorter  i)e<'t oral,  more  conspicuous  siK>ts,  and  rather  greater  extension 
of  the  ])rickly  region  of  the  breast.  Thetyi>es  of  TetrmUm  hujo<rphdm  Linuicus  are  repute<l  to  have 
come  from  India.  According  to  Linmeus,  this  siHJcies  had  10  dorsal  and  S  anal  rays.  It  may  have 
l)een  bast'd  on  hi(jorf:ph(ilu>t  sreUratmt  or  sonu*  other  East  Indian  sjH»cit»s,  but  there  seems  to  l)e  no 
evidence  that  it  was  identical  with  the  Euroix'an  L<i(joc.ephalu»  mtcllatuK.  In  any  t*vent,  the  Hawaiian 
fonn  seems  dafferent  from  anv  other  vet  known. 

TyjM?,  No.  50820,  V.  S.  N.  M.  (Oeld  No.  03871^),  5  inches  long,  obtaiuinl  at  Honolulu;  cotyixs  No. 
7784,  L.  S.  Jr.  Univ.  Mus.  ( field ^o.  534,  pai>er  tag),  4.5  in<*hes  long,  also  from  Honolulu. 

Family  OSTRACIID.'E.     The  Trunk-fishes. 
46.  Ostracion  oahuensis  Jonhm  A  Evermann,  new  species.     *^Momo  Auna.^^ 

Head  3.9  in  length;  depth  2.9;  eye  2.9  in  head;  snout  1.2;  pRH)rbital  1.0;  interorbital  1;  D.  9; 
A.  9;  P.  10;  C.  10. 

Body  4-sided;  dorsal  side  of  carapace  evenly  cx)n vex,  its  greatest  width  one-fourth  greater  than 
head;  lateral  dorsal  angles  not  trenchant,  slightly  convex  anteriorly,  then  evenly  c(»nvex;  snout  blunt, 
the  anterior  profile  as<*ending  abruptly  then  strongly  convex  in  front  of  €*yes;  interorbital  space  nearly 
flat;  cheek  flat;  side  of  lM>dy  concave,  its  width  al>out  iMpial  to  head;  ventral  keel  prominent,  evenl\ 
(ronvex;  ventral  surface  nearly  flat  posteriorly,  but  little  convex  anteriorly,  its  greateijt  wi<lth  1.4  tim«' 
h^ngth  of  head,  its  length  just  twice  its  width;  gill-o])ening  short,  not  exceeding  two-thirds  diamet*i 
of  eye;  lea*<t  width  of  anterior  opening  of  <'arapa<-e  1.75  in  interorbital,  or  1.5  times  diameter  of  orbit, 
the  depth  nearly  twice  orbit;  mouth  small;  tei»th  rich  brown;  least  dejith  of  posterior  o|>ening  of 
cjirapiK-e  much  less  than  width  of  anterior  o|)ening,  equaling  distance  from  lower  e<lge  of  preorbital  to 
jnijiil;  length  of  cAudal  j>eduncle  less  than  that  of  head,  its  depth  2.2  in  it**  length;  no  spines  anywhere. 
Dorsid  fin  high,  its  e<lge  obliquely  rounded,  it*<  length  1.3  in  head;  anal  similar  to  dorsal,  the  edge 
rounde<l,  it«  length  1.2  in  dorsal;  caudal  slightly  rounded,  its  rays  nearly  eijual  to  head;  pectoral  with 
its  free  e<lge  obliijue,  the  rays  successively  shorter,  length  of  fin  e<iual  to  height  of  dorsal. 

Color  m  life,  dark  brown  with  blue  tinges;  interorbital  space  showing  more  or  less  golden;  small 
whitish  spots  pn.)fusely  covering  entire^  dorsal  surface?;  no  siK)ts  on  side  of  bo<ly  or  on  face;  no  s]X)tsou 
ventral  surfac-e  except  a  faint  one  of  a  slightly  darker  color  than  general  gray  color  of  surface;  one 
longitudinal  row  of  golden  spots  on  each  side  of  upi)er  i^art  of  caudal  j>eduncle  from  carapac^e  to  base 
of  ciiudal  fin;  pectoral,  anal,  and  dorsal  fins  with  transverse  rows  of  faint  spots;  caudal  bluish  black  at 
base,  white  on  posterior  half;  a  broad  light  or  yellowish  sltva  Ixdow  eye;  iris  golden. 

Color  in  alcohol,  rich  bmwn  above,  the  sides  darker,  and  the  ventral  surfa<*e  paler,  brownish 
alwut  margins,  dusky  yellowish  within;  entire  back  with  numerous  small,  romidish,  bluish-white  spot*; 
ui)per  half  of  <*au<lal  i>eduncle  with  similar  but  larger  si^ts;  forehea<l  and  snout  dark  bnjwn;  lips 
brownish  black;  chwk  dirty  yellowish;  sides  and  ventral  surface  wholly  unspotte<l;  base  of  caudal 
bla<rkish,  ]>aler  distally,  the  <lark  extending  farthest  on  outer  rays;  other  fins  dusky,  with  some  ol)8t!ure 

•brownish  siK)t*«. 

This  si>e(!ies  is  relattxi  to  O.  mm?imm  Jenkins,  from  which  it  <liffers  in  the  smaller,  mon^  numerous 
spots  on  back,  the  entire  absence  of  six)t?  on  side,  the  smaller  size  of  the  spot8  on  the  ciiudal  ptvlunde, 
and  the  brighter  yellow  of  the  sulK>rbital  region.     Only  2  gpwimens  known,  ]»oth  from  Honolulu.  • 

Type,  No.  50()<>8,  U.  S.  N.  M.  (field  No.  03443),  a  sptnimen  5.<>  inches  long,  obtaine<l  by  us  at 
Honolulu,  July  25,  1901.  CotyiK?,  No.  7478,  L.  8.  Jr.  Univ.  Mus.  (field  No.  2166),  an  example  5.25 
inches  long,  collected  at  Honolulu,  in  1898,  by  Dr.  Wood. 
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Family  SCORPi€NIDi«.     The  Rockfishes. 

47.  Pterois  sphex  Jordan  &  Evermann,  new  species. 

Head  2.4  in  length;   depth  2.f>5;   eye  3.8  in  head;   snont  3.2;   interorbital  5.2;   maxillarj'  2  S5; 
mandible  2;  I),  xiii,  11;  A.  in,  7;  V.   16;  V.  i,  5;  scales  10-56^13. 

Body  elongate,  coinpreased,  greatest  depth  at  first  dorsal  spines;  bat^'k  only  slightly  ele\Aced; 
snout  rather  short,  roundinl;  mouth  large,  oblique;  maxillar>'  reaching  lx»low  anterior  rim  of  orbit, 
its  distal  expanded  extremity  1.75  in  eye;  teeth  fine,  in  bauds  in  jaws  and  on  vomer;  lips  rather 
thin,  fleshy;  tongue  jxiintetl,  compressed  an<l  free  in  front;  jaws  nearly  equal;  eighth  dorsal  spine 
longest,  equal  to  head;  penultimate  spine  4;  fifth  dorsal  ray  1.75;  third  anal  8j)ine  longest,  2.2;  third 
anal  ray  longest,  1.5;  caudal  rounded,  elongate,  1.4;  pectoral  long,  the  rays  more  or  less  free  for 
at  least  half  their  length;  ventral  1.3  in  head,  reaching  l>ey(md  origin  of  anal;  ventral  spine  2.1; 
caudal  peduncle  compressed,  its  depth  3.75;  nasal  spine  very  small;  preocular,  supra<Kular  and  post- 
ocular  spines  present,  the  upper  lx)ny  ridge  over  eye  l)eing  serrate;  tympanic,  coronal,  parietal, 
and  nuchal  spines  present,  coronal  ver>'  small  and  close  together  and  parietal  with  4  serrations;  a 
finely  serrate  ridge  from  behind  eye  over  opercle  to  suj^rascapula;  a  finely  serrated  ridge  over 
preorbital  and  cheek  to  margin  of  preopercle,  ending  in  a  strong  spine,  l)elow  this  2  other  spin^; 
preorbital  with  a  strong  spine  over  maxillary  i)Osteriorly,  and  with  fine  serrations  above;  scales 
ctenoid,  present  on  top  of  head,  cheeks,  and  oj)ercles,  head  otherwise  nakiKi;  tubes  of  lateral  line 
single,  in  straight  line  to  base  of  caudal;  several  fleshy  flaps  on  head,  1  al)ove  eye,  1  from  lower 
preorbital  spine,  and  2  from  along  margin  of  j>reopen*le. 

Color  in  alcohol,  very  pale  brown,  whitish  l)eneath;  side  with  9  broa^l,  deep  brown  bands  alternat- 
ing with  narrow  brown  bands  on  trunk  and  i>osterior  portion  of  head ;  narrow  brown  l)ar8  from  below 
penultimate  dorsal  spine  with  a  narrower  brow^n  line  on  each  side  al>ove  lateral  line;  lower  surface  of 
head  whitish,  without  crossbands;  spinous  and  soft  dorsal  and  caudal  each  with  4  dusky  brown  cross- 
bands;  base  of  anal  with  2  broad  similar  bands,  and  soft  jwrtion  of  anal  with  3  series  of  irregular 
crossbands;  axil  of  pectoral  above  with  white  blotch;  pectoral  whitish  with  10  blackish  crossbands;  a 
brown  band  in  front  of  base  of  pectoral  extending  on  lower  pectoral  rays;  ventral  with  dusky  blotch 
at  base,  outer  portion  with  about  5  diL«ky  crossbands. 

The  only  example  we  have  seen  of  this  species  is  the  type,  No.  50650,  I^.  S.  N.  M.  (field  No.  05030), 
6  inches  long,  obtained  by  us  at  Honolulu. 

48.  Scorpsenopsis  catocala  Jordan  &  Evermann,  new  species. 

Head  2.1  in  length;  depth  2.75;  eye  7.25  in  head;  snout  3.1;  interorbital  4.3;  maxillary  1.8;  D. 
xii,  10;  A.  Ill,  5;  P.  18;  V.  i,  5;  S(-ales  9-42-22. 

Body  elongate,  greatest  depth  at  first  dorsal  spines;  Imck  elevate<l,  swollen,  or  convex,  below  first 
dorsal  spines;  snout  rather  long,  with  an  elevated  prominence;  mouth  large,  oblique;  maxillary  large, 
expanded  extremity  broad,  6.5  in  head;  teeth  in  broad  villiform  bands  in  jaws,  those  on  vomer  small; 
no  teeth  on  palatines;  tongue  small,  pointed,  free  in  front;  lips  rather  thick,  flt^hy;  eye  small,  a  little 
in  front  of  middle  of  length  of  head;  a  deep  pit  below  eye;  top  of  hea<l  with  deep  square  pit  just  behind 
interorbital  space;  anterior  nostril  with  broad  fleshy  flap;  posterior  large,  without  flap;  four  spines  on 
side  of  snout  above  anterior  nostril;  preocular,  supraocular,  postocular,  tympanic,  parietal,  and  nuchal 
spines  present;  a  series  of  spines  running  across  cheek  l)elow  eye;  several  large  spines  on  lower  part  of 
preopercle;  several  spines  on  opercle;  side  of  head  above  with  many  small  spines;  suprascapular  with 
several  small  spines;  dorsal  spines  rather  strong,  third  longest,  3.75  in  head;  last  dorsal  spine  3.8; 
second  dorsal  ray  2.7;  second  anal  spine  enlarged,  a  little  longer  than  the  third,  3.4  in  head;  first  anal 
ray  longest,  2.4  in  head;  caudal  rounded,  2  in  head;  pectoral  large,  lower  rays  thick,  fleshy,  curved 
inward;  sixth  pectoral  ray  1.7  in  head,  lowest  3.7;  l)ase  of  i)ectoral  broad,  2.25;  ventral  spine  ^strong, 
3.1  in  hea<l,  second  ray  longest,  1.9;  the  innennost  ray  joined  by  a  broad  membrant*  to  l>elly;  caudal 
peiluncle  compressed,  its  depth  4  in  head;  head  and  body  with  many  fringe<l  fleshy  flaps;  scales  mod- 
erately large,  ctenoid. 

Color  in  life  (fleld  No.  03382),  excessively  mottled,  streaked,  and  spotteil;  body  dark  purplish 
brown  or  claret  shaded,  the  spaces  gray  tinge<l  with  sulphury  yellow;  head  all  dull  brown,  flaps  colored 
like  the  space  about;  belly  to  axillary  region  whitish  with  reticulations  and  irregular  marks  of  yellowish 
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olive;  axillary  r^ion  wine-brown,  finely  mottled  with  yellowish  white  in  Rtn^aks  and  spots;  a  few 
round  black  spots  l)ehind  and  in  axil;  inside  of  i)eotoral  with  a  large  jet-black  blot<^.h  at  upjier  part  of 
base,  bordered  with  orange;  around  this  a  largt*  yellow  area,  then  0  oblong  black  spots  on  the  mem- 
branes of  upi^er  rays  above  middle,  then  a  broa<l  rose- red  band,  fading  into  violet  below,  the  rim  gray; 
ventrals  bright  brown  and  gray,  red  shadinl  on  inner  face;  inside  of  branchiostegals  salmon-color, 
stripeil  with  white,  the  membranes  yellow;  memV>ranes  (»f  upper  jaw  salmon-color  mottled  with  light 
yellow;  tip  of  upper  jaw  orange  with  a  golden  ridge  dividing  a  triangular  spot  of  indigo-blue  between 
vomer  and  premaxillary;  a  golden  line  on  each  side  in  front  of  palatines;  tip  of  tongue  light  yellow; 
a  triangular  indigo-colore<l  spot  l)ehind  teeth  of  tip  of  lower  jaw;  a  golden  streak  l)ehind  it  on  membnine 
before  tongue;  lower  lip  salmon-color  especially  l:)ehind  where  hidden. 

Color  in  alcohol,  dark  purplish,  beautifully  mottle<l  with  dusky  and  darker;  head  mottle<l  alx>ve 
with  dusky;  fins  with  many  fine  dusky  and  brown  wavy  lines;  base  of  pectoral  both  outside  and 
inside  brownish,  the  latter  variegated  with  white  and  blackish  brown;  outer  [>ortion  of  inside  of 
pectoral  covering  first  5  rays  with  a  series  of  broad  blackish  sjx)tf<;  ventrals  mort»  or  less  brownish 
variegated  with  gray  and  whitish;  Ixxiy  whitish,  mottled  with  i>ale  brown;  edges  of  butx»l  folds, 
inside  of  mouth,  deep  yellow;  a  deep  blue  blotch  directly  l)ehind  ti^eth  in  front  of  each  jaw. 

This  species  is  related  to  Scarpinia  gihbosn  (well  figureil  by  Gunther  in  Fis<*he  der  Sudse(»)» 
from  which  it  differs  in  the  much  rougher  and  letm  depressed  head,  nnich  larger  flajw  on  oi)en'les  and 
mandible,  and  the  presence  of  a  very  large  fringed  flap  on  the  anterior  nostril,  this  l)eing»  ol)solete  in 
S.  gibbosa,    AVe  have  comixareil  our  sj^ecimeus  with  examples  of  *S'.  gibbam  from  Apia. 

This  species  was  obtained  l)oth  at  Honolulu  and  Ililo,  and  appears  to  l>e  not  uncommon.  Our 
collections  contain  8  exc^ellent  examples,  as  follows: 


Field 
No. 

LdMiKth. 

Inches. 

0529K 

9.5 

033K2 

9.3 

03521 

6.8 

05294 

7.75 

0f)295 

6 

05*296 

8.2 

05299 

7.5  ; 

6.3 

IxK-'ality 


Honolulu. 
do 

I  •  •  •  •  ^«  V '  •  •  •  • 

....do 

Hilo 

Honolulu. 
Hilo 


Final  dl.siMwiticm  of  .siH.H'imon. 


Type,  No.  50651,U.  S.  N.  M. 
Cotvpe.  No.  74r>6.  L.S..)r.  Tniv.  Mum. 
Cotypo,  No.  2717,  V.  S.  F.C. 
(•olype,  No.  1698,  Bishop  Mus. 

C<>tvi»e.  No. .  M.  v..  Z. 

Cotvpe,  No.  3y6(i.  Field  Col.  Mus. 
CotviH?.  No.  2293,  Am.  Mu.h.  Nat.  IHst. 
<;otV|K',  No.  21221,  Ac.  Nat.  S«i.,  Phila. 


40.  Dendrochiriifl  hudsoni  .Ionian  &  Kvermann,  new  sinnnes. 

Head  2.5  in  length;  depth  2.5;  eye  3.4  in  hea<l;  snout  3.3;  interorlntal  5;  maxillary  2. 1 ;  mandible 
1.8;  D.  XIII,  10;  A.  iii,  6;  P.  18;  V.  i,  5;  sirah^  8-52-13. 

Body  elongate,  comj)res«ed,  rather  deep,  the  gn*atcst  depth  at  fifth  dorsal  spine;  profiles  of  trunk 
above  an<l  below  more  or  less  even;  head  com])re8sed;  snout  short,  rounded;  mouth  large,  maxillary 
nearly  reaching  l)elow  middle  of  eye,  it«  distal  expande<l  extremity  eijual  to  half  eye;  minute  tiH'th  in 
bands  in  jaws  and  on  vomer;  liiw  thin;  tongue  jMjinted,  ccnupressoil,  free  in  front;  jaws  nearly  CM^ual; 
anterior  nostrils  each  with  a  small  fleshy  flap;  interorbital  space  dimply  concave;  fifth  dorsal  spine 
longest,  1.25  in  head;  i)enultimate  spine  5.2;  set^ond  anal  spine  longest,  2.1;  thinl  anal  ray  longt^st,  1.3; 
caudal  rounde<l,  1.25;  j^etrtoral  2.4  in  trunk,  ri'aching  below  middle  of  bam^  of  soft  dorsal,  n)un<led,  and 
only  membranes  between  lower  rays  slightly  incisiMl;  ventral  nninded,  rea<'hing  base  of  first  anal  ray; 
caudal  i>eiluncle  comi)reH8e<l,  it«  least  <lepth  3.5  in  heatl;  nasal  spines  very  small;  preocular,  postocular, 
tympanic  and  coronal  spinels  pri'sent;  parietal  and  nuchal  spines  forming  a  single  ridge;  a  ridge  oi 
spines  behind  eye  al)ove  oi)ercle;  a  ridge  of  spines  Im^Iow  eye,  ending  in  a  spine  on  margin  of  pre- 
opercle;  2  spines  l)elow  this  also  on  margin  of  pnM)iH»n*le;  no  opercular  spines;  margin  of  pn*oiH*rcle 
with  spine  projecting  down  and  back;  skinny  flap  alK>ve  eye  e<|ual  to  its  diameter,  and  another  from 
preorbital  spine;  scales  small,  ctenoid;  hea«l  nake<l  except  some  seniles  on  oiH»rcle,  cheek,  and  side 
above;  lateral  line  running  obli(|uely  down  to  base  of  ciuulal. 

Color  in  aUx)hol,  pale  brown  or  whitish;  side  with  3  pairs  of  det^p  brown  vertical  bands,  first  on 
posterior  part  of  heaii  prece<led  by  adwp  bn)wn  streak  from  1k»1ow  eye,  stH*<md  on  middle  and  i)oeterior 
part  of  spinous  dorsal,  an«l  thinl  extending  out  on  soft  anal  and  basal  iK>rtion  of  soft  dorsal;  soft 
dorsal  (»udal,  and  anal  pale  or  whitish;  membranes  of  dorsal  spines  deeply  incised  in  front,  each 


FISHES    FROM   THE    HAWAIIAN    ISLANDS. 


203 


spine  with  3  brown  crossbands;  pectoral  grayish  with  a  blackish  brown  basal  blotch  and  5  blackish 
crossbands;  ventral  blackish  with  2  whitish  or  grayish  blotches. 

This  species  is  especially  characterized  by  the  unspotte<l  soft  dorsal,  anal,  and  caudal.  From 
DendrochiniA  Ixirf^eri  Steindachner,  it  is  distinguished  by  the  longer  pectoral  which  reaches  to  below 
the  posterior  dorsal  rays. 

Named  for  Capt.  C.  B.  Hudson,  in  recognition  of  the  excellence  of  his  i>aintings  of  Hawaiian 
fishes. 

We  have  examine<l  5  specimens  of  this  si)ecies,  as  follows: 


Field 
No. 


I 


I 


L4Mijrth. 


I^M'alitv, 


'    InchtM.   I 
03W7  l.S       Waikiki 


Final  <lisiHwitir)ii  of  siK.K*iiiKMi. 


TyrM'.  No.  nOt'.r.J.  r.  j^.  n.  m. 


651  1.9  Korf  near  Honolulu     ('otvj>e.  No.  74r>7.  L.  S.  Jr.  I'niv.  Mu.s. 

r»52  1.  U  Honolulu ('ol*vi)i*.  No.  271H,  V.  S.  F.  C. 

O.P.J.  1 

aOl  1  do ' 

:J..5  do 


Family  GOBI  I D^.     The  Gobies. 
QUISQUILniS  Jordan  ft  Evennann,  new  genni. 

Quisquilius  Jordan  &  Evermaun,  new  genus  of  (iobikhv  (engenhi^). 

Allied  to  Aster ropterifx.  Bcxiy  robust,  covered  with  large,  ctenoid  scales;  snout  blunt;  mouth  large, 
very  oblique,  with  2  series  of  sharp  teeth  in  jaws,  the  inner  depressible;  side  of  head  with  several 
series  of  short  papillary  fringes;  ventrals  sejxarate,  their  rays  i,  5,  joined  at  base  by  a  narrow  frenum; 
dorsals  short,  the  first  with  6  spines,  the  second  with  12  short  rays. 

The  genus  is  distinguished  from  other  small  Eleotrids  by  the  papillary'  fringes  on  preorbital,  jaws, 
and  opercles. 

50.  Quisquilius  eug'eniiis  Jordan  &  Evermann,  new  species. 

Head  2.8  in  length;  depth  3.8;  eye  3.25  in  heatl;  snout  4.25;  width  of  mouth  2.4;  interorbital  2 
in  eye;  D.  vi-12;  A.  10;  V.  i,  5;  scales  25,-12. 

Body  robust,  compressed,  greatest-  depth  alx>ut  middle  of  belly;  hea<l  large,  elongate,  broad,  depth 
1.4  in  its  length,  width  1.25;  snout  short,  blunt,  rounded  alK)ve;  jaws  large,  lower  pn:>jecting;  month 
large,  very  oblique,  its  posterior  margin  reaching  Inflow  front  of  eye;  upper  jaw  with  2  series  of 
teeth,  sharp- pointed,  outer  larger,  the  inner  depressible;  mandible  with  teeth  similar  to  those  in 
upper  jaw;  no  teeth  on  vomer  and  palatines;  tongue  tnmcate,  front  margin  not  notche<^l ;  eye  large, 
high,  anterior;  n<jstrils  separated,  anterior  in  small  tul^,  posterior  close  to  upi)er  front  margin  of  eye; 
interorbital  space  narrow,  very  deeply  furrowed;  a  series  of  fringe-like  j)apilhe  ninning  from  preorbital 
along  upper  margin  of  maxillary  down  Ix^hind  comer  of  mouth  where  it  joins  another  series  nmning 
along  under  surface  of  mandible,  and  continue<l  back  and  upwanl  on  margin  of  preopercle;  anterior 
margin  of  open-le  with  a  small  vertical  series  of  papilhe,  eai^h  papilla  a  little  shorter  than  diameter  of  eye; 
gill-opening  large,  continued  forwanl  till  nearly  l)elow  iH>sterior  margin  of  eye;  spinous  dorsal  rather 
small,  spines  flexible,  with  tips  pnxluce*!  in  short  filaments;  soft  dorsal  high,  median  rays  rather 
longer  than  others;  anal  more  or  le*«  similar  to  soft  dorsal,  |)08terior  rays  very  long;  caudal  rather 
large,  round;  pe<'toral  broad,  round,  i»qual  to  hea<l;  ventrals  small,  1.25  in  hciwl,  sharp-pointed,  and 
joined  at  base  of  inner  rays  by  a  narrow  frenum;  caudal  i)e<lun(!le  compressetl,  its  length  l.(>  in  head, 
depth  2.4;  scales  large,  ctenoid,  those  on  upper  part  of  head  very  small;  snout,  interorbital  space, 
jaws,  and  K>wer  surface  of  hea<l  naked;  no  lateral  line. 

Color  in  life  (field  No.  03554),  Ixxly  with  transverse  Ixands  of  dark  brown  with  olivaceous  tinge 
alternating  with  dirty  white;  edges  of  scales  in  dark  brown  j)ortions  lighter;  dorsal,  anal,  and  caudal 
dark  brown,  edged  in  part  with  white;  i)ectoral  light  reddish  brown. 

Color  in  alcohol,  brown;  12  dark  brown  crossbands  on  side,  the  last  6  very  broad,  much  broader 
than  the  pale  interspaces;  vertical  fins  dark  slaty;  pectoral  pale  slaty;  ventral  pale  on  outer  |x>sterior 
portion,  blackish  slaty  on  inner. 
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We  have  examine<l  the  following  examples: 


03.')M 


Jnchex. 
1.4 

.H 
1.2 
1.2 

.9 
1.1 

.9 


^ji^J^^    I  length.  I 


locality. 


Disposition  of  spooimeiift. 


Waikiki  .... 

Honolulu.. 

do 

do 

do 


Tvpc,  No.  f,0674.  r.  8.  N.  M 
(\>tyiH;,  No.  7483.  L.  S.  .Ir  Tniv.  Miw. 
CotyiK'.  No.  2732  IT.  8.  F.  C. 
(\»tviK',  No.  170S,  Bi^^ilOp  MU". 

Cotype,  No. .  M   0  Z 

CotviK.*,  No.  3*r70.  Field  Col.  Mu8. 
Cotype.  No.  24230,  Ac.  Nat  S<i.  Phila. 


51.  ^  Gnatholepis  knig'liti  Jonlan  I't  Kvennann,  new  Pi>e<'ieH. 

Head  8.5  in  lenjrth;  tlepth  4.2.>;  eye  8.S  in  heivl;  snout  8.<>;  width  of  mouth  2.5;  interorbital 
2.25  in  eye;   I),  vi-12;  A.  12;  P.  1«;  v!  5.5;  scales  82,-9. 

Body  elongate,  compresfed,  not  «leprea*e<l  in  front,  ^rc»atost  dei>th  at  the  middle  of  bell]?;  head 
elongate,  ita  depth  1.25  in  its  length,  its  width  1.5;  i^nout  obli<|ue,  blunt,  brua<l;  upi)er  profile  of  the 
head  obtuse,  with  a  prominence  over  eye  in  front;  mouth  rather  broa«l,  the  maxillary  not  n^ai;hing 
posteriorly  to  l)elow  front  rim  of  orbit;  lips  nither  thin;  teeth  small,  sharp,  in  narrow  l)and8  in 
jaws  with  an  outer  enlarge<l  sc*ries;  no  teeth  on  vomer  or  |>alatines;  interor]>ital  H]>ace  very  narrow, 
'evel;  nostrils  small,  clo«»  togt»ther  in  front  of  eye,  anterior  with  Hap  of  very  short,  flt^shy  cirri; 
eye  high,  small,  a  little  anterior;  gill-oiH*ning  ri'stricted  to  side,  nearly  vertical,  its  length  2.25  in 
head;  scrales  large,  finely  (!tenoid,  and  becoming  much  larger  on  ix>sterior  side  of  tmnk;  scales 
small  on  In^lly  in  front  of  ventrals,  cycloid;  scales  nuxlerately  large,  cycloid  on  the  upper  part  and 
side  of  head,  head  otherwisi^  nake<l;  dorsal  fins  well  separate*!,  spines  flexible  and  with  extremities 
of  most  fn.'e  and  filamentoiw;  first  1.(5  in  head,  tifth  1.7,  last  2.7;  s<.»ft  dorsal  h>ng,  la.««t  rays  longest, 
first  1.7,  last  1.25;  anal  similar  to  the  dorsiil,  but  lower,  first  ray  2.8,  last  1.25;  caudal  n>uiule<l,  the 
median  rays  very  long,  a  little  longer  than  head;  ptn^toral  with  upjKT  nu^lian  rays  longest,  all 
rather  fine,  about  equal  to  length  of  caudal;  ventnils  rather  large,  frenum  uniting  in  front,  rather 
Inroad,  length  e<jual  to  jKJCtoral;  caudal  i)eduncle  compresstnl,  length  1.2  in  hea<l,  depth  2.25. 

Color  in  life,  j)ale  flesh-color,  ui)per  i)arts  with  dark  brownish  spots  and  blotches;  a  st»rie8  of  about 
8  brownish  V)lot<*hes  along  middle  of  side;  a  small  dark  spot  on  base  of  pectoral;  opercle  dusky;  fins 
all  pale,  spinous  dorsal  with  brown  edge;  iris  bluish  white. 

Color  in  alcohol,  pale  brown,  side  with  numerous  small  dark  brown  spots  and  7  large  dark  brown 
blotches;  a  d'ark  brown  streak  below  eye,  anri  another  across  oj)er(4e;  spinous  dorsal  very  \\s\q  brown 
with  a'bout  3  l)lacki8h  brown  cross-lines,  very  distinct  on  first  spines,  running  somewhat  obliquely, 
and  becoming  indistinct  posteriorly;  soft  dorsal  with  the  spines  i)ale  or  whitish  brown  and  membranes 
between  blackish  brown;  anal  more  or  less  <lark  gray  brown;  caudal  very  pale  brown  or  whitish, 
spotted  in  cross-series  with  brown;  pectoral  pale  brown;  ventrals  dark  brown,  paler  along  e^lges. 

Color  when  fresh,  of  exam])le  fn^m  Hilo,  olive-grt^en,  rather  pale,  and  with  7  bla<^kish  crossliands; 
caudal  sj)ot  small  and  inconspicuous;  black  l>ar  Ixilow  eye,  narrow  and  very  distinct;  Iwick  crossl>arred 
with  many  spots  of  dusky  olive;  side  with  longibi<linal  streaks  of  dark  brown  sj>ots  along  rows  of 
scales,  these  irregular  and  variable,  mixe<i,  especially  Ixrhind,  with  siK>ts  of  jxale  sky-blue;  dorsal, 
anal,  and  caudal  dotted  finely  with  dark  olive;  pectoral  pale  olive;  ventrals  blackish;  anal  plain 
bla(?kish,  paler  at  base.  In  most  examples  examined  the  head  was  finely  dotted  with  bright  pale  blue 
on  cheeks  and  ojx^n'les. 

This  small  but  interesting  species  is  generally  common  in  Ijrackieh  water  about  Hilo  and  Honolulu. 
Our  collections  I'ontain  a  total  of  128  si>ei'imens;  15  of  these  have  been  tagge<l  and  their  measurements 
are  given  in  the  table;  101  other  siK«<rimens  from  Hilo  range  in  length  from  1.1  to  2.5  inches,  the 
average  length  Iwing  1.81  inches.  From  Waianae  we  have  5  specimens,  1.8  to  1.8  inches  in  length,  the 
average  Ixjing  l.()2  inches.  From  the  pond  at  the  Moana  Hotel  at  Waikiki,  we  have  2  examples,  each 
0.8  of  an  inch  long.     The  average  length  of  our  128  spe<"imen8  w  1.81  inches. 

The  si>ecies  is  named  for  Mtister  Knight  Starr  Jordan,  who  first  notice<l  it  in  the  i)ond  at  the  Moana 
Hotel  at  Waikiki  Beach  near  Honolulu. 


'» The  jrenn-M  OnatholepU  Blcfki-r  flecm.M  to  Iw  equivalent  to  Ilazcu*  of  Jordan  Jl  Hnyder. 
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The  following  are  some  of  the  specimens  examined: 


Field 
No. 

Length. 

Loeality. 

Inchm. 

•ilfJO 

2.  l!n 

Hilo....:. 

778 

1.75 

do 

783 

2.5 

do.... 

7K.I 

2. 2 

do.... 

785 

2.2 

do.... 

788 

2.25 

do 

789 

2.2 

do 

790 

2  2 

do.... 

792 

2.1 

do 

793 

1.9 

do 

794 

do.... 

796 

1.8 

do 

797 

1.75 

do 

799 

1.7 

do 

800 

1.5 

do 

Final  di.sjHudtion  of  specimen. 


Type.  Xo.  50653.  U.  S.  N.  M. 

Colype,  No.  7468,  L.  S.  Jr.  Univ.  Mu». 

Do. 
Cotype.  No.  2719,  IT.  S.  F.  C. 

Cotvpi*.  No. .  M.  C.  Z. 

Cotv[>e.  No.  2294.  Am.  Mu.s.  Nat.  Hist, 
Cotype,  No.  24222.  Ac.  Nat.  S<'i.  Phila. 
C<:)type.  No.  9812,  Ind.  Univ.  Mus. 
CotypK?,  No.  .^1969,  Field  Col.  Mus. 

Cotvpe,  No. . 

Cotyi)e,  No.  1497,  Cal.  Ac.  Sol. 
Cotj-pe,  No.  1699,  Bii*hop  Museum. 


Acentrogobius  ophthalmotstnia.  Streets,  Bull.  U.  S.  Nat.  Mus.,  No.  7,  60, 1877  (coral  reefs  at  Oahu);  not  of  Blceker. 

52.  Qobiopterus  farciznen  Jordan  &  Evennanu,  new  s^xndes. 

Head  3.25  in  length;  depth  3.5;  eye  3.2  in  head;  snout  3.5;  I),  vi-11;  A.  9;  scales  28  (27  to  29)-10. 

Body  rather  robust,  compre8se<l,  greatest  dejuh  at  gill-opening;  head  rather  lai^,  depth  1.25  in 
length,  width  1.4;  upper  profile  of  hea<i  evenly  convex  from  tip  of  snout  to  origin  of  dorsal;  jaws 
large, -mandible  very  large,  slightly  pro<luced;  mouth  large,  very  oblique,  maxillary  extending  l)eyond 
front  margin  of  eye;  teeth  in  jaws  unii5erial,  rather  large,  somewhat  canine-like;  two  small  depressible 
canines  on  posterior  part  of  bone  behind  anterior  series;  lips  large,  thick,  fleshy;  tongue  not  emargi- 
nate,  large,  thick,  rounded;  nostrils  close  together,  posterior  very  large,  in  front  of  upper  margin  of 
orbit  with  elevated  rim;  interorbital  space  very  narrow,  concave;  scales  large,  ctenoid;  a  large  pore 
behind  and  above  l>ase  of  pectoral;  gill-opening  large,  continue<l  forward  Inflow;  spinous  dorsal  small, 
flexible,  spines  ending  in  filamenti',  beginning  behind  base  of  pectoral;  soft  dorsal  high,  rays  of  nearly 
uniform  length;  anal  with  posterior  rays  elongate,  much  longer  than  anterior;  caudal  elongate, 
rounde<l;  pectoral  broad,  round,  equal  to  head;  ventrals  long,  equal  to  head,  broa<l,  without  any 
frenum  in  front;  caudal  pe<luncle  compret^sed,  its  length  1.5  in  head,  depth  2.25. 

Color  in  alcohol,  pale  brown,  tnink  covered  all  over  with  very  pale  minute  brown  dots;  fins  very  pale 
brown,  dorsals  dusky,  especially  the  spinous;  3  vertical  pairs  of  pale  brown  cross-lines  over  side  of  head. 

Described  from  an  exam]>le  1.1  inches  long,  taken  at  Hilo.     Type,  No.  50654,  U.  S.  N.  M. 

V  IT  It  ART  A  Jordan  ft  Evermann,  new  genus. 

Mtraria  Jordan  <fe  Evennann,  new  genus  of  (uthUdiv^  subfamily  Tjuciogohiniir  {clare^cens). 
Body  elongate,   tnuislucent,  covere<l  with   very  small  thin  scales;  mouth  small,   oblique;  teeth 
minute;  gill-opening  rather  narrow;  dorsals  small,  the  niys  v-11;  jKH^toral  rather  long;  ventrals  small, 
unite<l  in  a  circular  disk.     Small  gobies  of  the  coral  reefs,  allied  to  the  Japanese  genus  Clariger,  but 
with  the  first  dorsal  of  7  small  spines  instead  of  3. 


63.  Vitraria  clarescens  Jordan  <&  Evermann,  new  species. 

Head  4.6  in  length;  depth  6.7;  eye  3.5  in  head;  snout  4.5;  D.  viii-11;  A.  i,  10. 

Body  elongate,  slender,  compresseil,  greatest  depth  between  dorsal  fins;  head  elongate;  pointed, 
conic,  depth  1.75  in  its  length,  width  2;  snout  rather  long,  rounded;  jaws  prominent,  upper  slightly 
produceii;  mouth  oblique,  maxillary  reaching  a  little  beyond  anterior  margin  of  eye;  teeth  not  evident; 
tongue  broad,  truncate;  snout  alwve,  interorbital  space,  and  top  of  head  more  or  less  flattened;  noetrils 
well  separated,  anterior  nearly  midway  in  length  of  snout,  posterior  close  to  front  of  eye;  eye  rather 
large*,  anterior;  gill-oj^enrng  restricteil  to  side,  rather  small;  scales  very  small;  dorsal  spines  flexible, 
first  dorsal  small,  the  last  three  spines  very  small  (minute  stubs,  broken  in  the  type)  the  fin  beginning 
behind  tip  of  ventrals;  soft  dorsal  beginning  a  little  nearer  base  of  caudal  than  tip  of  snout,  about 
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over  insertion  of  anal,  and  anterior  rays  of  l)oth  finn  longent,  those  of  anal  gnwhially  smaller  behind, 
the  last  2  minute  and  close  together;  caudal  emarj^inate,  lol>€»8  rounded;  ptH'toral  rather  lonjf,  lower 
rays  lonj^est;  ventrals  small,  united  to  form  a  small  round  disk  whose  diameter  is  2.25  in  head; 
caudal  petluncle  compressed,  elonjjate,  its  leni^rth  e<|ual  to  head,  its  depth  2.25  in  head. 

Color  in  alcohol,  very  pale  translucent  brown,  7  V-slia[>ed  pale  brown  markings  on  up|)er  side  of 
body  united  over  back;  fins  whitish. 

We  have  examined  7  examples  obtainetl  at  Hilo,  each  about  1.2  inches  in  length: 


Locality 


HIlo... 

Do.. 
Do.., 


Final  diHpoRitioii  of  Hpt'cimen. 


Typt\  No.  50jy>ft.  U.  S.  N.  M. 
Cotypo,  No.  7469.  L.  8.  Jr.  Univ.  Mum. 
CotN-pc,  No.  2720,  IT.  8.  F.  C. 
Cotype,  No. ,  M.  C.  Z. 


locality. 


Final  diHi)OHitlon  of  Hp<'cimcn. 


Hilo !  Cotyp*'.  No.  2295.  Am.  Mm.  Nat.  Hist. 

I>o I  0»typ<'.  No  24223,  Ac.  Nat.  Sci.  Phila. 

Do I  Cotype,  No.  1700,  Bishop  Muucuin. 

I 

I 


Family  PTEROPSARII)^. 

OBUBITB  Jordan  ft  Evermann,  new  genns. 

Osurvs  Jordan  &  Evennann,  new  genus  of  Pterojuiaridx  (ParajnTcis  aehaulnslamH  Steindachner). 
This  genus  is  allied  to  ParaperciSy  from  which  it  differs  in  having  the  caudal  tin  deeply  forked 
instead  of  truncate. 

Family  FIERASFERID^. 

54.  Fierasfer  umbratilis  Jordan  &  Kvennann,  new  species. 

Head  10.2  in  length;  depth  15.2;  eye  5  in  head;  snout  4.8;  mouth  2.6;  interorbital  4.5. 

Body  very  elongatii,  compressed;  tail  very  long  and  tapering  gradually  in  a  long  point;  head 
elongate,  c(mic,  its  depth  2  in  length,  width  2.25;  snout  rather  broad,  conic,  and  pnMluce<i  l)eyond 
mandible;  mandible  broa<i,  flattened  lielow;  mouth  nearly  horizontal,  broa*l,  the  gaj^e  reaching  lielow 
posterior  margin  of  eye;  eye  rather  small,  anterior,  without  eyeli<l,  and  i)lace<l  al)Out  tirst  quarttT  of 
head;  nostrils  well  separated,  anterior  with  elevated  rim,  posterior  a  short,  crescent-like  slit;  inter- 
orbital space  rather  V>road,  convex;  gill-opening  low,  inferior,  rather  long;  gill-membrane  free  from 
isthmus,  its  angle  nearly  an  eye  diameter  distant  from  ix)sterior  margin  of  -eye;  dorsal  fin  aimost 
nidimentary,  very  low  and  thin;  anal  rather  broad,  in  middle  its  height  is  al)out  0.75  in  (»ye,  from 
which  point  it  grailually  decreases  to  tip  of  tail,  where  it  is  rudimentary,  Hke  dorsal;  tail  ending  in 
a  fleshy  point,  caudal  fin  apjmrently  absent;  i>ectoral  small  but  relatively  large,  3.1  in  head,  rays  very 
minute;  lateral  line  distinct,  running  down  along  middle  of  side  on  i)08terior  half  of  tail;  no  scales. 

Color  when  fresh  (field  No.  OJ^'WK)),  pale  olivaceous,  with  pale  greenish  spots;  a  pale  bluish  streak 
in  each  spot  over  lateral  line;  pale  purplish  o])long  s]>ots  on  lower  half  of  Ixniy;  head  greenish-olife, 
with  pale  green  spots  closely  set  on  chcH*k  ancj  jaw;  pale  puri)lish  dots  on  upj)er  part  of  cheek  and 
behind  eye;  first  dorsal  same  as  bo<iy,  but  the  sjHjts  yellowish;  a  black  sixjt  l)ehind  first  and  second 
rays,  tips  pale;  rays  of  second  dorsal  checked  alternately  with  yellowish-green  and  white;  caudal 
same  as  second  dorsal,  but  margin  yellowish;  anal,  yellowish-olive;  tip  blackish;  i)ectoral  and  ventrals 
pale;  iris  greenish -yellow;  dull  red  stR^aks  radiating  from  pupil. 

Color  in  alcx)hol,  brown;  head  and  end  of  tail  dark  sooty  or  blackish  brown,  the  (!olor  formed  of 
dark  points;  greater  part  of  anal  fin,  lower  surface  of  lx)dy  anteriorly  and  i)ect<)ral  and  branchiostegal 
membran*^,  pale  straw  color;  lower  surface  of  trunk  more  or  less  blotcheii  with  pale  brown. 

Our  collection  cxmtains  but  2  specimens  of  this  species,  lx)th  obtaine<l  at  Ililo.  Tyi>e,  No.  50656, 
U.  8.  N.  M.  (field  No.  03506),  a  specimen  7.6  inches  long;  cotype.  No.  7470,  L.  S.  Jr.  Univ.  Mus.  (field 
No.  528),  an  example,  6.4  inches  long. 

Fierasfer  innftratUiit  occurs  also  in  the  South  Seas,  and  is  readily  distinguished  from  most  related 
species  by  its  dark,  non -translucent  coloration. 

R  horahoreima  from  Borabora,  briefly  described  by  Kemp,  has  the  pectoral  6  to  7  times  m  head. 
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Family  PLEURO\ECTID.€.     The  Flounders. 

55.  Engyprosopon  hawaiiensis  Jonlan  i^  Evennann,  new  sjic^'ic^. 

Head  3.8  in  length;  depth  1.75;  eye  3.25  in  head;  snout  4.25;  interorbital  6.3;  maxillary  2.8;  I).  79, 
A.  56;  P.  I.  10;  V.  i,  5:  st-ak*?*  14-46-15. 

Body  elongate,  deep,  rather  ovoitl,  greatest  depth  about  end  of  pec^toral;  head  very  deep,  its  length 
0.7  in  depth;  upper  profile  very  convex  in  fn:>nt,  steep;  sn«»ut  short,  obtuse;  jaws  small,  produfe<l  a 
little,  the  mandible  sliiihtly  pn»jeoting;  li[>s  rather  thin;  mouth  curved  a  little,  very  oblique,  the  small 
maxillar\'  reaching  a  little  l>eyond  front  margin  of  eye;  tii'th  in  jaws  very  small,  sharp- jiointeil;  eyei« 
well  separated,  lower  anterior,  placnl  in  tirst  thinl  of  head,  the  upper  aV>out  two-fifths  an  eye  diameter 
posterior;  nostrils  cK^se  together,  with  elevate^l  rims;  inten.)rbital  spaiv  a  little  moit*  than  half  an  eye 
diameter  in  width,  deeply  concave;  gill-opening  small;  gillraker^  rather  short;  scales  large,  finely 
ctenoid,  very  small  on  rays  of  vertical  fins;  lateral  line  strongly  an-hed  at  first  for  first  two-ninths  its 
length,  then  straight  to  base  of  caudal;  don^l  beginning  on  snout,  the  anterior  rays  free  for  only  a 
short  portion  of  their  extremities,  fin?t  5  in  head,  fiftieth  2.1,  this  the  highest  region  of  the  fin;  anal 
more  or  less  similar,  first  3.25,  thirtieth  2;  cau<lal  rounded,  middle  rays  longest,  1.1;  pectoral  short, 
pointed,  1.4;  ventrals  rather  broad,  l>aseof  left  3,  first  and  last  rays  aboat  equal;  right  ventral  smaller; 
caudal  peduncle  compresse*!,  its  depth  1.9. 

Color  in  alcohol,  dark  olivaceous  brown,  fins  dark  gray-brown,  each  ray  finely  specked  with  oliv- 
aceous brown;  left  pectoral  specked  with  dark  brown,  right  pei-toral  dull  creamy  or  brownish  white 
like  the  right  side  of  Ixxly. 

Type,  No.  50657,  U.  S.  N.  M.,  taken  at  Ililo,  the  only  example  we  have  seen,  3  inches  long. 

56.  Bngyprosopon  arenicola  Jordan  &  Evermann,  new  species. 

Head  3.6  in  length;  depth  1.9;  eye  4.3  in  head;  maxillarj*  3;  D.  78;  A.  57;  P.  i,  11;  V.  5;  scales 
14-36-17.  Body  elongate,  verj'  deep,  rather  ovoid,  the  greatest  depth  at  tip  of  pectoral;  head  much 
deeper  than  long,  the  upper  pn^file  steep,  strongly  convex;  snout  obtuse;  jaws  very  oblique,  man<lible 
slightly  projecting;  maxillary  very  oblique,  reaching  below  anterior  margin  of  eye;  lii>s  rather  thin, 
fleshy,  fringed  along  margins;  teeth  in  jaws  minute,  sharp-pointed;  eyes  close  together,  lower  anterior 
placed  about  first  thinl  of  length  of  head;  upper  eye  alx)ut  one-third  an  eye  diameter  posterior; 
nostrils  well  separated,  with  raised  fleshy  rims  forming  a  flap:  interorbital  sjiace  very  narrow,  concave; 
gill-opening  rather  small,  restricte<l  to  side:  gill  rakers  small,  short,  few:  scales  large,  finely  ctenoid; 
lateral  line  strongly  arche^l  for  anterior  fourth  of  its  length,  then  straight  to  luise  of  <^udal;  anterior 
dorsal  rays  free  distally  for  one-half  their  length,  first  ray  3  in  head,  forty-fifth  l.S.  which  is  the 
highest  region  of  the  fin;  anal  similar  to  dorsiil,  but  anterior  rays  not  free  for  half  their  length;  first 
ray  3.5,  thirtieth  1.8;  caudal  elongate,  median  rays  longest,  e<]ual  to  head;  pectoral  short,  pointed,  1.5; 
ventrals  rather  large,  the  left  with  its  base  5  in  head,  first  ray  3.6,  last  2.6,  almost  entirely  in  front  of 
the  right,  which  is  much«emaller;  i-aujial  pe<iuncle  broad,  comprt»<se<l,  its  depth  2.2  in  head. 

Color  in  alcohol,  very  pale  brown;  side  marke<i  with  many  large  incomj>lete  rings  of  blackish  or 
dusky  and  with  a  number  of  dusky  spots  in  between;  fins  whitish,  the  vertical  or  un])aire<l  with  large 
blackish  spots  on  membranes  between  rays  and  similar  small  ones  scattered!  al)out,  those  of  caudal 
forming  about  4  crossbands;  several  dusky  spots  at  base  of  pectoral;  right  side  whitish. 

We  have  seen  but  2  examples,  l>oth  taken  at  Hilo:  Tyi>e,  No.  50658,  U.S.  N.  M.,  2.5  inches  long. 
Cotype,  No.  7471,  L.  S.  Jr.  Univ.  Mus.,  1.9  inches  long. 

Family  .\XTEX\ARIID.€. 

57.  Antennariois  drombus  Jordan  <fe  Evermann,  new  species. 

Head  (to  end  of  opercle)  2.5  in  length;  depth  1.75;  eye  5  in  head;  snout  4;  width  of  mouth  2; 
D.  I-I-12;  A.  7;  P.  12;  V.  5. 

Bo<iy  very  deep,  compressed,  l)ack  elevated;  head  deep,  with  blunt  conic  profile  in  front,  Si»me- 
what  oblique  above;  snout  broad,  obtuse,  surface  uneven;  mouth  brx»ad,  large,  nearly  vertical;  maxil- 
lary concealed  under  skin,  reaching  below  anterior  jiart  of  eye;  lips  fleshy;  teeth  in  jaws  minute,  in 
narrow  bands;  teeth  on  palatines  rather  large,  sharp-pointe^i,  none  on  vomer;  tongue  broad,  thick; 
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mandible  lai^ge,  with  fleehy  knob  at  symphj'sifl,  projecting;  nostrilB  circular,  well  separated,  with 
rounded  fleehy  riins;  interorbital  space  tx)nvex,  roughened;  top  of  head  with  rather  large  concave  pit; 
eye  high,  anterior;  bait  rather  short,  only  reaching  a  little  beyond  first  spine,  with  fleshy  caruncle  at 
extremity;  dorsal  spines  short,  first  free,  rough,  depressible  in  pit  on  top  of  head;  second  doraal  «pine 
twice  length  of  first,  etiual  to  width  of  mouth,  depressible,  and  united  with  skin  of  back  to  its  tip; 
posterior  dorsal  rays  longest,  and  the  last,  like  that  of  anal,  united  to  caudal  peduncle  by  a  membrane; 
anal  similar,  rounded,  elongate,  }.5  in  head;  [K'ctoral  broad;  ventral  small,  rounded;  caudal  i)eduncle 
small,  compressed,  its  depth  equal  to  interorbital  space;  body  rather  rough,  mucous  pores  on  head  and 
in  lateral  line  with  excrescences;  side  of  Ixxly  with  many  pointed  cutaneous  flaiw;  second  dorsal  spine 
and  first  dorsal  ray  very  rough,  also  with  cutaneous  flaps;  lateral  line  very  convex,  running  down 
toward  middle  of  base  of  anal. 

Color  in  alcohol,  pale  plumbeous  gray,  more  or  less  spotted  or  mottled  with  darker;  Ixjlly  and  lower 
surface  rather  pale,  the  spots  distinct;  fins  all  more  or  less  pale  with  dark  spots,  some  at  basal  por- 
tions of  dorsal  and  anal  darker;  iris  blackish  with  radiating  lines  of  golden. 

The  above  description  is  from  the  type.  No.  50659,  U.  8.  N.  M.  (field  No.  541),  taken  at  Waikiki, 
near  Honolulu. 

Another  example  (field  No.  539)  shows  some  differences:  Head  (to  end  of  opercle)  2.5  in  length; 
depth  1.7;  eye  3  in  head;  maxillary  1.8;  width  of  mouth  1.7;  interorbital  3.7;  D.  i-i-12;  A.  7;  P.  12;  V.  5. 

Body  very  deep,  compre«se<l,  Imck  olevate<l;  head  deep,  gibbous,  with  blunt  conic  profile  in  front, 
somewhat  oblique  al)ove;  snout  broad,  obtuse,  short,  surface  uneven;  mouth  large,  obliquely  vertical; 
maxillary  large,  reat^hing  a  little  beyond  front  portion  of  eye;  lips  fleshy;  teeth  in  jaws  minute,  sharp, 
in  bands;  teeth  on  roof  of  mouth  large,  sharp-pointe<l;  tongue  large,  broad,  thick;  mandible  laige? 
with  knob  at  symphysis,  projwting;  nostrils  well  separated,  close  to  end  of  snout,  each  with  elevated 
fleshy  rims,  the  anterior  higher;  interorbital  space  broad,  elevated,  uneven;  top  of  head  with  rather 
large  pit;  eye  high,  anterior;  bait  short,  reaching  tip  of  first  dorsal  spine,  with  caruncle  at  extremity; 
dorsal  spines  short,  depressible;  first  dorsal  spine  half  length  of  second,  free,  depressible  in  pit  on  top 
of  head;  st^cond  dorsal  spine  large,  joined  by  skin  to  its  tip;  dorsal  rays  of  about  equal  height,  seventh 
1.3  in  head,  and  the  last,  like  lower  portion  of  last  anal  ray,  a<lnate  to  caudal  peiluncle  by  a  membrane; 
anal  roundtMl;  caudal  elongatti,  roundeil;  pectoral  broad;  ventral  small;  body  rather  rough,  mucous 
pores  on  head  and  lateral  line  with  excrescences;  along  the  lateral  line  and  anterior  region  of  dorsal 
are  many  <Mitaneous  flaps;  lateral  line  convex,  running  down  to  above  middle  of  anal. 

Color  in  alcrohol,  dark  gray-brown;  edges  of  vertical  flns  whitish,  the  pale  border  rather  broad 
and  very  distinct  along  posterior,  dorsal,  anal,  and  caudal  rays;  side  with  alx)ut  6  lai^  round 
blackish  siK)ts;  caudal  with  some  j)ale  or  indistinct  mottlings;  pectoral  and  ventral  with  rather  broad 
margins,  median  i)ortion  dusky;  iris  more  or  less  silverj'. 

A.  droinfnis  seems  nearest  related  to  A.  nummifer  Cuvier  &  Valenciennes,  originally  described  from 
Malabar.  Prolmbly  the  specimens  from  the  South  Seas  referred  to  the  latter  belong  rather  to  A, 
dronihm,  A.  nummifer  is  said  to  be  red  in  <rolor  with  dark  spots,  and,  as  figured  by  Dr.  Day,  differs  in 
several  respects  from  A.  dromhiis.  Both  these  spcM'ies  differ  from  A,  commernoni  and  its  numerous 
allies  or  variants  (A,  niger  A,  lejyrom*j  A.  nihroftutnjin^  and  A.  mndrirensis  from  Hawaii)  in  the  shortness 
of  the  first  dorsal  spine  or  fishing  rrxi.  This  is  scarcely  longer  than  the  second  spine  in  A,  drombus, 
but  in  A.  commersoni  it  is  twice  as  long. 

Our  collections  contain  but  2  examples  of  this  8pe<ries,  the  type,  No.  50659,  U.  S.  N.  M.  (field 
No.  541),  and  cotype.  No.  7472,  L.  S.  Jr.  Univ.  Mus.  (field  No.  6Sd),  both  taken  on  the  reef  at 
Waikiki,  near  Honolulu. 


DHSCKllTIONS  OF  A   N1:\V  Cl-Nl'S  AND  TWO  XHW  SPMIHS  OF  FISIIHS 

FROM  TllF  HAWAIIAN  ISLANDS. 


Ilv  DAVID  vSTARR  JORDAN  ani>  liARTON  WARRHN   KVHRMANN. 


Siiirr  till'  publication  of  our  recent  paper"  on  new  sjx'cies  of  li>lies  from  the 
Hawaiian  Islands,  further  studies  of  our  lart^e  collections  have  resulted  in  the  dis- 
coverv  of  an  interesting  new  species  of  IrnpiiJn'lttlnjs  and  a  rcmarkahle  new  ^enus 
of  SmrjMi'n'nla .  These  arc  described  in  the  pn»sent  pai)er.  Illustrations  of  both 
8i>ecies  will  be  jjfiven  in  our  final  rejH)rt. 

Tropidichthys  psegma  .It>r«Ian  iV  KvLTiiiann,  iww  >;|H*rit's. 

Ilfa«l  :>  ill  leii^'th;  di-pth  1,   vyv  4.o  in  hviu\\  Miuut  l.">;  intrroHutal  'l.:\\  D.  11;  A.  11;  ('.  S;  1*.  U>. 

IUmIv  nhort,  stout,  !inMl*'rately  <"oni|>n*s.<4Nl:  sriont  Ion;;,  conic-;  anterior  don^il  profile  ri>in>r<*venly  to 
rcjrion  alx»vi*  jrill-oiH-nin^,  at  which  iH>int  iIk*  ImmIv  is  <lt*<'|K*st;  interorhital  Hat;  jrillH>jH*niiig  nearly  wr- 
tifal,  short,  its  length  less  than  iliaineter  of  eyt*;  month  low,  U*low  axis  of  IkmIv;  tivth  stronj;,  convex, 
cutting' e<l^' sharp;  eye  small,  supraorbital  rim  not  prominent;  i-andal  |KNhinele  <lei*p,  it**  lea»<t  depth 
atM)nt  1  in  head,  its  leiu^t  width  4  in  its  least  dej»th;  len^rth  of  caudal  jKMlunele  from  dorsal  tin  to  l»aA* 
of  eaudal  lin  l..*i  in  head:  from  Ut<<'  of  anal  tin  '1  in  head;  dorsal  prominence  e<|ually  distant  iH-twi-en 
tipof  snout  and  |Histerior  hasi*of  <-audaI;  Inis**  of  dorsiil  1.5  in  height  of  lin,  which  latt«'r  is  1  in  head;  anal 
similar  t«»  dorsal,  it^  etlye  roundnl;  <au«lal  truncate,  or  very  sli^rhtly  <onvex,  1.2  in  head;  |KH'toral 
hn>ad,  its  lia.*^*  L'.*>  in  hea<l,  fnn*  etl-jc  oMi.|ue,  iM>sti'rior  rays  1.')  in  anterior  ont»s;  ImmIv  mostly  smooth; 
int<'rorhital  space  and  snout  ahove  and  on  side  with  small  prickles;  In'lly  with  a  few  prickles;  a  si-at- 
terinl  patch  al.*^»  on  >id<*alH»ve  jK*ctoraI. 

Color  in  alcoliol.  dark  brown  alHivc,  |»aler  lu'low;  ;i  or  4  short  hla<k  lin<-s  runnim:  forwanl  ln»m 
orhit,  and  siinu*  nundnT  hackwanl;  lower  part  of  side.  es|KM-ially  p<.steriorly,  and  lower  part  of 
caudal  iKihm<le.  with  small  roimdish  Mack  «|M.t.<;  snout  and  inten>rhital  spa<*e  <*rossed  hy alMiut  12 
narrow  hlack  lines,  thex*  extending'  down  on  sid*-  of  ^nout;  >ide  of  snout  with  '>  or  4  narrow  l^lack 
lines  from  chin  toward  eye,  separate<l  ]»y  j»ah"r  lines;  |M»sterior  to  thes**  >mall  irn^rular  hlack  s|M»ts 
cr>verin^  entire  cheek,  d<»tted  ov«*r  with  line  white  sinnks;  end.-  of  sj»ines,  ]MM-toral,  dorsal,  and  anal 
j>ale  %\hitisli.  their  Kuh-s  lar^rely  hrownish  hlack;  caudal  dark  hrownish  or  hlack. 

This  s|>ecies  is  known  to  us  only  from  the  ty|M',  No.  ."wiss"),  I'.  S.  N.  M.  i  Held  No.  2.'Wil  )  ;;.7.'»  incht's 
lon^.  ohtaiiunl  hy  us  at  Honolulu  in  IIHM. 

\Vi'  have  couijuiumI  this  si>e<*imen  with  examples  of  T.  rnnmntn.^  Vaillant  iV  Sauva^re,  ohtainiMl  hv 
tlie  AU>atn>si<  in  11H)2,  and  tind  them  <|uite  distinct. 

I&ACTJNDUS  Jordan  ft  Evermann.  new  genus. 

/r/i/"/<r/»/.s  .Ionian  iV  Kvermann.  new  urenus  of  .si-o//*.*/**'/.!  ^sujinj,r\. 

Allied  to  lltlirttlntiis  i\\\\\  I'mitums.  ImmIv  rather  elonir:ite,  compn*s.«HNl,  ('oven"*!  with  small,  wejiklv 
ctenoid  nales;  tins  not  S4aly;  head  not  depres.^i'd;  formed  as  in  .'v //*/.</' ;<// x,  the  spines  moderately 
develo|KMl;  head  and  ImmIv  with  dermal  flaps;  teeth  on  jaw>  and  vomer,  none  on  palatines;  dorsiil  (in 
deeply  <livide<l,  the  spim^  11  in  mnnU'r,  tlu*  fourth  nnich  elongate;  jK-ctoral  rays  undivideil;  anal 
rays  in,  '>;  ventral  niys  i,  ">:  caudal  rounde<l;  vent  at  Ikum*  of  first  anal  spine;  air  hladder  ol»Hilet4\ 
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IracunduB  signifer,  Ionian  &  Kvi'rniuiiii,  new  H}K.*cie»<. 

lIoa«l  '2A  in  U'n^tli;  depth  ',\.2;  oye  4  in  liea<l;  niuxillary  L':  I),  x.  i,  1»;  A.  in,  5:  1*.  17;  V.  i,  5; 
wah'S  alxjiit  11-55-:^),  alx)nt  An  \hh\^. 

B<Mly  rathor  c*l«»n;!aU*.  nuHirrattily  foniiin-ssi^l,  tho  l»t'a<l  i-oni**,  nut  «U»pix's>H'«l;  month  laiyi*, 
o]»Hi|ue,  th**  IdwtT  jaw  slijihtly  projin-tin^,  the  niaxiliary  reaching'  to  opjMisitr  iM»sti*rior  niaivin  of 
pnpil;  t^H'th  in  nKHh'rate  ban<ls  in  the  jaws,  tlie  inner  tifth  in  the  npinT  jaw  slij^htly  hir^rcst;  vomer 
witli  Hmall  te«.*th;  jialatines  tooth lesn;  interorbital  an'a  <h*eply  eon<-ave,  little  wi«ler  than  ]»upil;  fpiiie.*< 
on  t^»p  of  heail  low  and  rather  sharp,  nun-h  as  in  S^•h^l.stl^ffrs;  pn^KMilar,  snpiiuKMilar,  iN>stoenlur,  tyni- 
|>iuii<',  <M*eipital,  and  nutrhal  spines  pres<.'nt:  a  ridjre  with  2  spines  ontside  the  tymi»tinie  spine;  [ireor- 
hital  nuxlenite,  aUuit  as  wide  as  eye,  with  a  sharp  s]>ine  tnrned  forwanl  an<I  a  ])lnnt  spine  tnrned 
Inu'kward;  MilH)rhital  stay  a  narrow,  simple  rid^'e,  ri'achinj:  Imsj'  of  preo|K.'nMiIar  spine,  whieh  is 
strai^rht  and  vt?ry  short;  .'>  lower  pn*oj>erenlar  sj)ines  n-dntM^l  to  hlnnt  i>oints;  ojKTeh*  with  2  slender 
diver«rin^  spines,  tlie  np|K*r  tlie  lar^'r.  their  |M)ints  not  n'aehinjred;re  of  m<>mhran(^  head  with  nnmer- 
i»nH,  ])roa<I,  Heshy  ilai)s;  a  frinj^d  Hap  at  the  nostril.  2  on  i^\^v  of  pieorhital.  It  on  lower  limh  of 
pr(^o]M'n'le,  an<l  a  hi«rh  frin^-il  Hap  a)>ove  eye,  alN>nt  as  lon^  tu'  pnpil;  small  >imple  ila]is  on  the  ehi'ek. 
the  end  of  tlie  maxillary,  an<l  elnewhert*  on  head;  lar^re  pon's  on  lower  jaw.  nnder  snlM>rhital  stay,  and 
elsewhere;  operele  and  upiKT  jmrt  of  eheek  witli  rn<limentary,  emiNfldei]  sj-ah's;  jaws  naktMl;  top  nf 
lii-ad  sealeless,  «Kripnt  covered  with  thin  skin  ami  seanrly  depn-ss^Ml;  pi  1  rakers  very  short,  thiekish, 
and  fee])le,  all  hnt  aUait  six  n*<hieiNl  to  nuTe  rndiments;  no  slit  Indiind  last  ^Hll;  ImmU'  eoventl  with 
small,  elose-si't  scales,  whirli  are  sli^rhtly  ctenoid;  scales  on  nape  small,  on  hri'ast  minnte;  lateral  lim- 
couHpicnons,  provitled  with  dermal  tlajM;  nnmcpMis  si-atten**!  flaps  on  sitle>  of  luwly. 

Dortfial  Hn  very  <U"eply  notche<l.  the  spina's  rather  slendrr,  pnn;rent,  tin*  Mr>t  a  little  lonp'r  than 
eye,  the  wtrond  ami  thinl  xilH'ipial,  alnnit  half  lunger,  the  fourth  jxn'atly  eh'vatitl,  l.Ti  in  hea<l,  almost 
twiit^  heijfht  of  third  ami  fifth,  which  are  siiInhiikiI;  sixth,  S4*venth,  anil  ei<;hth  ^li<;htly  lon;r<'r  than 
fifth,  tenth  very  short,  eleventh  lialf  len;rth  of  fourth;  soft  dorsid  hiyrh,  the  h>ni;est  rays  nearly  tialf 
heiid;  rays  of  all  the  fins  scalek'ss;  candal  lon^%  rounfleil.  1.4  in  head;  anal  hi<;h,  the  spines  ^'niduatitt, 
the  thinl  a  little  longer  than  siH'ond,  which  is  2.i>  in  head;  loni;est  soft  mys  l.,s  in  head;  {Nftoral  with 
the  mys  all  simple,  tin*  hm^est  1.-  in  heail,  lowi'st  rays  shortene<l  and  thicken^il;  ventral  tins  inserteil 
U'low  axis  of  jKH'toral,  rather  Ion;:,  l.(»  in  liead,  not  ipiite  rrachin^  anal,  innj-r  rays  well  fn-e. 

Color,  |iale  in  alcMihol,  donhtless  vermilion  re<l  in  life,  the  flaps  on  ImnIv  pinkish;  asin;;le  jet-hhirk 
sjMit  alN>ut  half  diamet<>r  of  pnpil  near  tij>  of  memhranr  l)etw4'i'n  s(M*ond  and  thinl  spinrs  of  dorsal. 

The  only  example  known  i-  the  ty|K*,  No.  TK^NSii,  \'.  S.  N.  M.  (field  No.  U'l")),  a  siM'cimen  4.2  inche.** 
lon^,  taki?n  hy  ns  on  the  coral  reef  at  ilonolnln. 
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THE  FRESHWATER  FISHES  OF  WESTERN  CUBA. 


By  C.  H.  EIGKNMANN, 
Professor  of  Zoology,  I  'niversity  of  Indiana. 


During  March,  1902,  the  writer,  aceompaniod  b}'  one  of  hi.s  students,  Mr.  Oscar 
Riddle,  as  assistant  and  interpreter,  made  a  series  of  collections  in  the  fresh  waters  of 
western  Culm,  in  the  streams  accessible  by  the  Western  liailway  and  the  Unit^ 
IIal>ana  Kailways.  Attempts  to  reach  waters  remote  from  the  niilwavs  were  alian- 
doned  on  account  of  the  expense,  })oth  in  time  and  money.  Sumidero  was  reached 
b}^  horse  from  Pinar  del  Rio,  and  the  caves  about  Caiiason  foot  and  by  volante.  The 
orijifinal  and  chief  object  of  the  visit  to  Cuba  was  to  secure  material  for  a  stud}'  of  the 
eyes  of  the  blind  tishes,  Sfyfjimhi  and  Lucifurja.  In  this  1  was  successful.  The 
fresh-water  tishes  proved  also  of  considenible  interest.  As  mi<^ht  have  l>een  expected, 
many  of  the  more  abundant  and  larji^er  species  had  l>een  previously  descril>ed  by 
Poe}.  Nothing,  however,  was  known  al)out  the  distriV)ution  of  fresh-water  tishes, 
and  there  were  found  a  surprising  number  of  new  sj)ecies. 

I  wish  here  to  express  my  thanks  to  Mr.  A.  P.  Livesey  and  Mr.  J.  E.  Wolfe, 
the  managers  of  the  Western  and  United  Ilabana  Riiilways,  who  did  all  in  their  power 
to  make  the  available  time  profitable  from  a  scientific  standpoint.  I  am  also  under 
obligations  to  Mr.  Philip  Hammond,  the  chief  engineer  of  the  United  Ilabana  Railroads, 
for  suggestions  and  various  favors.  Mr.  Pascual  Ferreiro,  of  the  CuIkiu  railway 
jK)stiil  d(»partment.  kindly  acted  as  guide  to  the  Pedregsiles  caves,  and  Mr.  Francisco 
Martinez  and  his  brother  to  the  caves  al)out  Canas.  The  success  of  the  expedition 
was  largely  due  to  my  companion,  Mr.  Oscar  Riddle,  whose  previous  stiy  in  Porto 
Rico  and  trij)  to  Trinidad  and  the  Orinoco  had  familiarized  him  with  the  language  of 
the  couiitrv  and  enabled  him  to  d<»al  with  the  natives. 

The  dniwings  illusti*jiting  this  paper  were*  made  }»y  Mr.  Clarence  Kennedy. 

In  his  •"Memoriixs  sobre  la  Ilistoria  Natural  de  la  Isia  de  Cuba,"  tomo  2,  pp. 
95-114,  ISii^;,  Poey  describes  two  species  of  blind  tishes.  Lurifuf/n  suhf  cm  incus  2ir\i{ 
Lui'lfHtjn  (h-ntatuM^  from  caves  on  the  soutli<M*n  slopes  of  the  jurisdiction  of  San 
Antonio,  Guanajay,  and  San  Cristobal."  They  were  tirst  brought  to  notice  by  the 
sun'eyor,  I).  Tranquilino  Sandalio  de  Noda.  Specimens  were  secured  for  Poey  b}' 
Dubroca,  Fabre,  and  Lavunta. 


♦iJonlan  i\:  flvermnnn,  in  their  Fishes  of  North  niul  Middh*  Ameriea.  iii.  p.  2.t(I1,  pive  ft  number  of  l<M-ulitie8  for 
which  I  can  find  no  authority  in  Poey.  ThiLs**Siin  Antonio.  Culia  (Coll.  I>.  Tninquilinoi:  Sandalio  de  No<la  (('oil.  D. 
Juan  Antonio  Fabrej"'  and  caveat  the  '*  Castle  of  Concorrl."  I  can  not  find  tlu'  authority  for  the  hx'ality  San  Antonio, 
Cuba;  the  collector  given  as  D.  Tranquilino  is  probably  1).  Tranquilino  Sandalio  de  No<la;  the  second  UK'ality  Sandalio 
de  Noda  is  proUibly  the  latter  s<'<*tion  of  the  name  of  the  man  who  first  called  attention  to  them.  Castle  of  Concord 
should  probably  read  "  Coffee  plantation  I^  Concordia." 
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The  localitios  from  which  Pory  sociuhmI  Lmtifinjn  tiuhfrrrtin*  ils  jin»  (1)  Cave  of 
Cajio,  5.2  miles  south  of  La  (jriiira  (h»  Moh»na  (Noda,  IS.Sl);  (2)  cave  of  the  cofff»o 
plunttition  La  Indiistria,  halfway  hotwi^on  Al<[uizar  and  (nianimar  (I)u!)roca);  (8) 
cavo  of  Ashton,  noar  San  Andres  (P^hro);  (4)  rave  of  th<»  I)ni<^on,  on  the  cattle 
farm  San  Isidro,  near  Las  Man<pis  (Fahre);  (5)  cave  on  the  cotrcH*  plantation  I^ 
(J<)n(»ordia,  5.2  miles  from  Alquizar  (Layunt4i);  («J)  rave  near  th<»  heehouse  of  the 
cotfee  plantation  La  Paz  (Diibrcx^a);  a  well  near  the  tav(Mn  Frias  (Fal)re). 

Luclfu(jt(  fl//tf<fftf.s  was  secured  in  Nos.  1,  2,  and  8.  Tho-^*'  from  Nos.  1  and  2 
were  said  to  l)e  without  the  least  vestiges  of  eyes;  those  from  No   :5  with  vestij^es. 

1  visited  a  number  of  the  cav(»s  from  which  Poey  secured  his  sjM^cimens,  intendinjij' 
to  ol)tain  spe<'imens  from  as  many  of  Po(»v's  localities  as  possible,  but  especialh'  from 
those  from  which  he  secured  both  species  of  the  l)lind  lishes.  Th(^  towns  (luira  de 
Melena,  Ahpiizar,  San  Andres  (now  ( -anas),  mentioned  }»y  P<m\v,  are  suc<*essive  sta- 
tions alon^  the  Western  Itiiilroad,  and  Las  Man<ifas  is  a  town  a  short  distanc<»  off  the 
railroad  Ijeyond  Oanas.  We  made  our  tirst  stop  at  Alquizar,  hopinjif  to  l>c  in  the 
middle  of  the  cave  region.  The  drivcM-  w(^  enjifji^ed  at  Ahpiizar  to  take  us  to  Iai 
Industria  showed  his  independ(Mic(»  and  orij^inality  by  takint^  us  over  a  rouj^h  road 
durinfif  a  half  day's  drive  parallel  to  th(»  railroad  to  Frias  and  Ashton  near  the  station 
Cailas,  but  wo  were  not  inclined  to  cpiarrel  with  him,  as  we  at  once  secured  tishes  in 
Ashton,  and  caves  were  rej>orted  to  us  as  very  abundant  in  the*  whole  refrjon  south  of 
Cafias.  Many  of  these  caves  were  visited  hy  us,  as  well  as  that  at  Cajio  (l»y  Mr. 
Riddle)  and  others  in  a  widely  distant  j)art  of  th(»  island.  Those  from  which  we 
secured  specimens  I  propose  bri(»fly  to  describe*  here.  Th<»  cave  on  Lii  Industria  wo 
did  not  visit,  and  in  fact,  except  while  we  w<»re  en^a^ini^  our  volante,  no  one  about 
Alquizar  seemed  to  know  the  plantation  La  Industria.  Jt  is  |)ossible  that  the  name 
has  l)een  chan<^ed  in  re<»ent  y(»ars.  Bearing  in  mind  our  experiences  with  the  volante- 
men  at  Ahpiizar  we  mad<»  no  attempt  to  tind  I^a  Concordia,  which  is  also  reiu*hed 
from  Alquizar. 

The  ^'caves''  about  ('anjis  can  !K\st  be  described  after  a  few  words  concerning  the 
country'  in  general  in  which  they  occur.  The  territory  alM)ut  (-anas  is  entii'ely 
drained  by  underj^round  streams.  The  streams  risinjj^  in  the  hills  and  mountains 
forming  the  watershed  })etween  north  and  south  drainage  run  above  j^round  for  a 
distjince  and  then  disapjn^ar  underj^round.  The  AritjuanalM)  River  thus  runs  into  a 
])ank  at  San  Antonio  di*  los  Banos  and  disjippairs  amon<)f  fallcMi  ro<*ks.  A  few  vards 
away  from  its  '\sumidero"'  the  water  can  1m»  seen  runnintr  in  its  underj^round  channel 
thi'ou^h  an  ojH'uinj^  in  tin*  thin  roof  of  the  chann<d.  A  few  yards  farth(»r  on  a  drv 
channel  leads  down  to  the  water  which  at  the  end  of  tin*  chann<d  disiippeaiN  amon^ 
fallen  rocks.  Other  rivers  disa])pear  in  a  similar  mann(M*.  Th(M'r  watiMs  reap|)ear, 
in  part  at  lejist,  in  a  numb(»r  of  "'ojos,-'  some  near  the  coast  south  of  San  Antonio. 
The  region  drained  by  und<»r^round  streams  is  flat,  with  frcijuently  no  indications  of 
surfa<*e  streams  and  their  erosion,  and  extends  westward  to  n(»ar  San  Cristolial^ 
where  the  first  permanent  surfa^'c  stream  is  ()l)serv(»d.  At  Artemisa  and  Candelaria 
stream  beds  cont:iined  pools  of  water  at  tin*  tiim*  of  our  visit. 

From  San  Cristo})al  to  Pinar  del  Rio  there  were  many  small  but  {MMTunial 
streams.  Eastward  from  Cailias  the  cave  ret^ion  has  an  unknown  ext<»nt.  Poe}' 
limited  it  to  the  jurisdiction  of  Guanajay,  but  it  certainly'  extends  as  far  cast  as  tlic 
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m(?ridian  of  Miitanzas,  and  from  reports  probal>ly  beyond  Cienfuegos.  East  of  Rincon 
then*  are,  however,  fro(|uent  river  l)eds,  dry  during  the  time  of  our  visit.  This 
main  rej^ion,  lielonju^inji^  to  the  southern  slope,  sends  a  iX)int  northward  from  Kineon  to 
the  Ahiiendares  River  in  the  northern  watershed.  Aside  from  the  ''Ojos  de  agua" 
alonj;  the  ed<(c  of  the*  ri(Mie<(as  skirtin<>'the  southern  eojLst  there  are  two  notaWe  places 
where  underjifound  rivers  find  an  exit.  One  at  Vento  supplies  the  entire  city  of 
Hahana  with  its  water,  the  other  serves  to  make  th<^  re<^ion  al)out  (fuines  a  garden, 
its  waters  Iwing  used  for  irrigation.  C)thers  in  all  prohahilit}^  have  a  subacjueous 
exit  to  the  south. 

The  large  spring  at  Vento,  sufficient  to  supply  the  city  of  Ilabana  with  its  water, 
is  the  only  one  which  issues  on  the  northern  slope,  so  far  as  I  know.  The  origin 
of  the  suppl}'  from  the  Vento  spring  has  not  been  traced.  It  issues  but  a  few  feet 
from  the  Almendares  Riv(M\  and  it  is  very  remotely  jx)ssible,  though  not  at  all  prob- 
able, that  it  derives  its  water  from  the  upper  courses  of  the  Almendares.  At  the 
time  of  our  visit  the  water  of  the  spring  was  1  degree  warmer  than  that  of  the 
Almendares  River.  The  region  north  of  that  river,  across  the  river  from  Vento, 
l>eing  shut  out  from  a  possible  contributing  source,  it  undoubtedlv  derives  its  water 
from  the  system  of  underground  streams  mentioned  above.  An  examination  of  the 
lM\st  available  map  and  the  levels  of  the  Western  and  United  Ilabana  Railroails  makes 
it  seem  quite  certjiin  that  the  Vento  springs  deprive  their  water  from  the  region  imme- 
diatelv  south  of  Vento  and  north  of  Rincon  and  Iknucal — that  traversed  bv  the  two 
niilroa<ls  mentioned.  This  region  contains  various  sinks  without  surface  outlets,  as 
well  as  dry  sink-holes,  and  is  the  northward-projecting  {loint  of  th(»  cave  region  men- 
tioned alxne.  A  notible  sink-hol(»  in  this  region  is  that  at  Aquada,  on  the  United 
Habana  Railroad.  This  is  very  broad,  shallow,  and  dry  during  the*,  drv  season,  but 
the  water  rises  to  stind  over  10  feet  deej)  on  the  railroad  tnick  during  some  of  the 
wet  seasons. 

THE    CAVKS    VISITED. 

The  soil  over  the  region  undiM-  considenitiori  is  thin,  the  surfaces  of  the  very  irreg- 
ularl}'  corrodefl  rocks  jutting  out  in  lumierous  })laces.  This,  together  with  the  fact 
that  the  wat<»r  of  the  unch^rground  streams  is  but  a  few  feet  underground,  givers  the 
region  an  entin»ly  dilferent  :ispect  from  the  sink-hole  and  underground-stream  region 
in  Indiana,  Kentucky,  etc*.  It  is,  in  the  first  j)lace,  impossible  to  enter  the  under- 
ground streams,  and  there  are  no  funnels  on  the  surface  to  indicate  the  location  of 
an  underground  stream  or  its  tributary.  In  i)laces  the  thin  limestone  roof  of  an 
underground  chamber  has  given  way  and  enables  one  to  get  to  the  water,  which  in 
all  the  numerous  places  we  visited  was  stationary,  not  flowing.  With  one  or  two 
exceptions  the  water  was  covered  with  a  continuous  crust  of  carbonate  of  lime,  due  to 
the  evaponition  and  discharge  of  carl)on  dioxide  from  the  surface  of  the  perfectly 
quiet  lime  wat(M*.  When  the  water  is  distui  l>ed  flakes  of  variable  size  break  loose 
and  irniduallv  sink  to  the  bottom.  All  of  the  so-called  caves  al)Out  Canas,  WMth  one 
possible  excej)tion,  were  sink-holes  formed  by  the  breaking  of  the  thin  roof  of  a 
larg(»r  or  smaller  underground  chamber.  In  all  of  the  caves  where  sbilagmites  and 
stalactites  were  noticed  these  extended  for  3  feet  or  more  into  the  watcu*.  Inasmuch 
as  they  could  not  have  fornwd  under  water,  the  latter  must  have  risen  since  their 
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fortnation.  Usually  die  walls  of  the  sink-hole  retreat  downward  and  sidewi.se, 
su^ifestinj^  that  a  channel  tilled  with  water  extends  down  and  out  from  the  sink-liole. 
The  impression  is  irresistibly  made  that  there  exists  here  an  extensive  series  of 
drowned  eaves.  As  our  visit  to  the  eaves  oecurrc^d  near  tlie  (»nd  of  th(»  dry  season, 
this  exeess  of  wat^^r  could  not  have  becMi  <hie  to  recent  excessive  niins.  The  water  in 
the  ciives  was,  however,  still  fallin*^  and  fell  sevenil  inches  during  March. 

The  condition  could  have  been  brouj^ht  about  (1)  by  the  risinji^  of  the  southern 
coast  of  C/uba,  resulting  in  a  chan*^ed  incline  in  the  underground  streams  and  a  c<m- 
se^juent  drownintjf  of  the  ca^-es;  ("2)  by  a  blockinj,^  of  the  outlets  of  the  streams;  (Ji) 
by  an  increase  of  the  rainfall  above  that  i)rovided  for  in  the  past.  I  wjls  at  tirst 
inclined  to  favor  the  tirst  view,  since  caves  as  widely  diff<»rent  jts  those*  of  Canas  and 
Ahwrnines  showed  the  same  diameters;  but  a  cave  at  Matunzas,  on  the  northern  sIojm*, 
showi»d  exaetl\-  the  same  conditions.  A  local  block injif  of  the  outlets  is  scarcely 
conceivable  on  account  of  the  wide  separation  of  caves  sliowinjf  the  sjime  conditions. 
Concerning  the  rainfall  1  am  not  able  to  speak,  but  any  other  cause,  since  the  caves 
are  above  the  level  of  the  ocean,  docss  not  occur  to  me. 

The  detailed  description  of  various  caves  may  bejfin  with  Mod(»sta  No.  1.  The 
caves,  for  tin*  most  part,  do  not  hav(Mlistinctive  names,  l)ut  are  called  aftc»r  the  Fin<*a 
on  which  thev  occur.  I  have  added  the  numlNM's  1,  2,  (»tc.,  for  convenience.  Modesta 
No.  1  is  an  i(l<»al  cave  of  which  all  the  rest  are  moditications.  There  is  nothint^'  on 
the  surface*  to  distin^ruish  it  when  one  is  a  few  fe(»t  away.  The  cave  is  b(»ll-sliaped, 
with  an  openin*''  10  to  15  feet  at  the  top.  A  tree  throwing  at  its  margin  sends  vertical 
roots  down  to  th<^  bottom.  On  these  roots  notclies  have  been  cut,  and  the  descent  is 
made  by  means  of  them.  At  the  water  level  at  the  time  of  our  visit  the  cave  was 
oval  in  .section,  IM>  bv  45  feet  in  extent.  In  the  middle  of  th<*  bell,  and  immcdiattdv 
under  the  oixMiing,  then*  was  a  larjre  pile*  of  rocks,  cemented  totfethcM*  in  places  by 
st4ila<^mitic  material  and  rising  but  a  few  inches  above*  the*  water.  The  water,  beauti- 
fully cl(*ar,  became  raj)idly  d(»e|HM'  in  all  dinn-tions  and  could  be  seen  to  extend  out 
in  at  least  two  directions  in  (leejx^ninj;  channels  tilled  to  their  tx)p  with  water.  The 
roots  desc(Miding  from  the  ()p(*nini«f  at  the  top  to  the  island,  a  distance  of  about  15 
feet,  h(*re  dividenl  suddenlv  into  a  tuft  of  innumerable  rootlets,  most  of  them  in  the 
water.  Such  roots  w(M-e  found  in  almost  all  the  cuves,  and  the  younjif  blind  lishes 
were  always  found  in  amonj;  the  rootlets;  the  bio^  on(*s  among  the  rocks. 

M(Klesta  No.  ^,  also  calhnl  Hawey,  is  a  cave  of  the  same  "type*,  except  that  the* 
central  mass  of  fallen  re)e*k  fe)rms  an  are'li  over  the*  water,  anel  that  it  can  Im>  re>ae*lu*el 
from  erne  side*  by  an  ine'line*d  plane*,  also  forme>d  e»f  falle*n  mate*rial.  Keie»tlets  we*re 
very  abundant  here*  and  small  blind  Hshe»s  e*(jually  so.  The  wate*r  was  pre)bably  ne)t 
more  than  10  fe^.et  be*le)W  the*  surfae-e  and  at  e»ne  e*elge*  was  ve'ry  ele'e*p— he)w  ele*e*j)  we 
had  ne)  me*nns  e)f  de^te'rmining.  Part  of  the*  e)[)e'ning  hael  at  e)ne*  time  been  walleel  in 
and  the  e*ave  was  use*d  as  a  well.  It  is  j)e)ssible*  that  this  is  the*  well  me*ntie>ne*el  by 
l\)e*y  Jts  Ixiing  near  Frias  and  contnining  blind  tishe*s.  Hut  a  nuinlR*r  of  either  wells 
in  the  ne'i^^hbe)rhoe)d  re»ach  e*ave»s. 

Modesta  No.  8  ce)ntnined  no  blind  tishe*s. 

San  Isidro  No.  2  is  a  duj)lie*atie)n  of  Mode^sta  Ne).  1,  ])ut  with  ditferent  pre)pe)r- 
tions.  The  centnil  mass  is  higher  and  heilds  a  numbe*r  of  stala<(mite*s.  It  is  emly 
partially  surrounded  by  wat^M*.     The  e*ntrance  is  })v  re)ots. 


Bull.  U.  S.  f.  C. 
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San  Isklro  No.  1  is  an  undorii^roiuul  (rhanihi'i*  containing  2  to  3  feet  of  water  in 
plat-OS  and  nuiddy  in  tlio  liottonh  It  is  roachod  by  an  inclined  plarn;  from  the  side 
and  is  more  like  a  cave  as  ordinarily  understocKl  than  the  cjives  of  the  Modesta  tyjK\ 

La  Frias  No.  1  is  a  cave  of  the  Modesta  tyj)e,  hut  larger  and  with  the  r<K)f  of 
one  side  fallen,  so  that  th<*  descent  to  the  water  is  made  by  an  inclined  plane,  and  the 
water  forms  a  crescent  about  l.^  feet  wide  under  the  retreatinjr  walls  of  the  side 
opposite  to  the  entrance. 

La  Frias  No.  2  is  another  cav<'  of  the  Modesta  ty]H',  loo  f(»ct  across  at  the  lK)t- 
tom  and  with  tin*  water  40  feet  from  tlu'  surfaces  Th<*  roof  has  fallen  in  at  one  side 
and  the  central  mass  of  rocks  rises  nearly  to  the  level  of  the  surroun<lin^^  region,  so 
that  the  descent  can  l)e  made  by  a  windin<5  inclined  plane.  Part  of  the  roof,  very 
thin  and  worn  throujifh  in  places,  is  <till  standinjr.  suj)|X)rt<Hl  by  stala<^mite-stalactite 
<*olumns.  The  roots  of  trees  wind  alM)ut  stalatrmites  or  descend  as  stniiji^ht  and 
unsupi)ortx^d  stems  15  and  more  feet  throujrh  the  cave  to  the  water,  where  there  is 
the  usual  breaking  up  into  rootlets. 

Ashton  No.  1  is  a  cave  of  the  Modesta  tyjM».  with  a  lart«fe  amount  of  fallen  mate- 
rial at  one  side,  where  oiKM'an  descend  to  the  wat<T  by  means  of  st<»j)s.  The  diameter 
of  the  cave  is  p<>ssibly  HH^  feet.  A  lar<re  tree  tji'ows  in  the  center  of  the  fallen 
mat<>rial.  At  the  deej^er  part  of  the  cave,  oj)|)osite  th<*  entnince,  the  walls  retreat 
downward.  Stalactites  and  stalajnuites  are  j)rescnt,  and  there  is  a  cn»sc(»nt  of  pools 
of  water  of  variable*  width  and  depth.  Channels  tilled  with  wattM*  are  soqii  to  lead  off 
from  the  }>ottom  of  the  ]X)ols.  This  is  one  of  the  rare  jdaces  where  ^reen  plants  are 
fjrowint^f  in  the  water.     They  an*  contined  to  the  dextral  ik>o1s  as  one  enters. 

Ashton  No.  2  differs  from  all  the  other  caves.  It  is  more  oj)en:  the  roof  has 
fallen  in,  so  that  then*  an»  no  rctreatin*5  wall>,  as  in  the  other  caves.  The  fallen 
material  sIo|K's  j^nidually  to  the  wat(M*,  which  is  shallow  and  densely  covennl  with 
duckweed.  A  channel  leads  off  from  the  left  <^nd  of  th(»  wat<»r  as  one  enters,  and 
we  went  into  this  with  our  canoe,  but  th<'  waIN  soon  came  down  to  th(»  water.  The 
place  was  sultrily  hot  and  smi»lled  disa<rn'eably  of  d<»cayintr  plant>,  so  that  we  were 
very  jrlad  to  ^et  out.  This  was  oik*  of  the  few  caves  w<»  visited  in  which  tlu^re  were 
no  tishes.  This  cave  pnictically  joins  Ashton  No.  1,  \\\r  dividinj^  wall  bein<r  but  a  few 
vards  wide. 

Ashton  No.  ^5,  called  Los  Hanos,  differs  fr<mi  the  others  in  that  consideralilv 

m. 

more  of  the  r<M)f  of  the  orij^inal  chamber  remains  standinj;  and  t\w  amount  of 
territory  covered  by  the  water  is  also  consi<lerai»ly  lari^er.  The*  depth  of  the  water 
differs  from  a  fi»w  inches  to  "overhead."  This  cav(»  is  occasionallv  used  as  a  Inith. 
At  the  tiuh*  of  our  visit  the  water  was  covered  with  the  usual  crust  of  lim<». 

(  ajio,  •lai<riiim,  and  La  Tninquilidad  were  visited  by  Mr.  Hiddh*. 

Cajio,  ♦*>  or  s  mih's  southea-^t  of  La  (luira  de  Mcdena,  ditfers  <'onsiderably  in  one 
l>articular  from  all  tin*  oth«M-  <aves.  The  wattM*  lies  at  a  nuich  ^n^ater  distjince  from 
the  entnince*  than  in  the  other>.  The  entnince*  is  an  ordinarv  sink-hole  lo  to  12  feet 
dee[).  Inste^ad  of  lindin<r  tht»  water  at  the*  bottom  of  this  sink,  as  in  the*  Mcnlesta 
tyi>e,  it  is  peM-fectly  dry.  L(Midin<r  from  this,  however,  there  is  a  dark,  narrow 
pjissa<reway,  loo  feet  l(»n«r.  which  lead-^  to  a  very  lar<f(»  chambe^r  with  a  cres(MMit-sha|XHl 
)>ody  of  wat(»r.     This  lon<r  channel  is  not  an  inclined  plane,  but  runs  parallel  to  the 
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surface.  The  thin  roof  of  the  nuiin  chamber  ha8  a  hole  blasted  into  it,  throuj^h 
which  light  reaches  the  water.     The  fl<K)r  is  of  falhui  nM'k,  as  iti  other  caves 

The  cave  of  tJaiguan,  2  or  S  inili^s  oust  of  Cajio,  is  a  chanil>er  100  foot  long  by 
40  or  50  feet  wide.  It  probal^ly  contains  more  water  than  any  other  cav(^  visiU^d, 
with  th<^  possible  exception  of  Pedn^gales.  There  is  an  ojKMiing  in  the  c<Miti»r  of  the 
roof  atl'ording  considerable  light.  The  entmnce  is  a  small  sink -hole  at  the  edge  of 
the  cave,  which  is  provided  with  steps  cut  in  the  rock.  The*  roots  of  a  tree  reacli 
from  the  central  opening  down  to  the  water,  a  distance  of  is  feet.  The  rootlets, 
very  abundant  here,  were  found  to  shelter  many  of  the  young  blind  iishes.  Tn  this 
cave  is  a  central,  rocky  islet,  formerly  completely  surrounded  by  water,  as  in  Modesta 
No.  1.  A  narrow  bridge  of  rocks  has  been  built,  which  unites  it  w  ith  the  entrance 
to  the  cave. 

La  Tmnquilidad  No.  1,  in  the  Canas  region,  »^  miles  west  of  Ashton,  is  of  the 
Modesta  type.  It  is  a  large  cave,  entennl  only  by  means  of  a  rope  from  an  opening 
in  the  roof  4  feet  in  diamet(»r.  Th<*  water  h(MH>  presents  an  extensive  surface,  but 
nowhere  is  it  deep.  Large  s])ecimens  were  tnken  here.  Side  channels  allow  one  io 
follow  th(»  water  farther  in  this  cjive  than  in  any  other  visited.  The  greater  part  of 
the  cave  is  verv  dark. 

La  Trancpiilidad  No.  2  is  a  small  cave  with  umvU  light.  It  is  in  the  center  of 
a  large  sink  prc)})ably  (JOi)  feet  in  diameter.  The  water  is  not  deep  and  is  easily 
accessible  to  cattle  and  swine.     The  bottom  is  formed  of  \ovy  soft,  de(»p  nuid. 

The  number  and  species  of  tish(\s  tak(»n  in  these  rnyos  are  listed  under  the  head 
of  the  various  speci(»s.  In  many  of  the  cases  2  blind  crustaceans,  both  of  them  new 
siwcies,  were  found  to  be  abundant.  One  of  them  is  a  very  gniceful  Paht^immth's^ 
the  other,  a  (■imlntut^  is  nmch  more  abundant  and  forms  a  large  pirt  of  the  food  of 
the  blind  tishes. " 

Mv  attention  wascalhnl  })v  Messrs.  Wolfe  and  Ilmnunond  to  the  IVdr<»irales  caves 
near  Alacnines  in  Matanzas  Province,  kV)  miK»s  east  of  the  <»astermtiost  of  th(»  caves 
from  which  Po(\v  recorded  blind  iish(»s.  Th(\v  were  visitiMl  more*  for  the  sake  of 
visiting  all  the  caves  that  might  iM)ssil)ly  contain  blind  Hshes  than  with  the  expc^c- 
tation  of  finding  any.  When  near  these  caves  we  inquired  whether  any  of  them 
contained  Iishes  and  w^ere  told  '"yes,  but  th<\v  don't  amount  tx)  anything;  they  d<m't 
have  any  eyes.""  After  this  remark  we  folt  thoroughly  comfortable  in  a  place  where 
certuiidy  nothing  cdse  contributed  to  comfort. 

Pedregales  cave,  about  '5  miles  from  Alacranes,  differs  in  some  res[)ects  from  th(» 
caves  of  the  Cafias  region.  The  cnve  slo^x^s  down  as  st(»ej)ly  as  can  convenient! v  b<^ 
descen(l<Hl  from  a  narrow  opening,  lait  once  inside  it  wiih'ns  out,  descending  contiim- 
ally.  The  iloor  wits  fonned  of  a  section  of  a  cone  that  recalls  the  centnil  mass<\s  in 
the  bell-shaiKHl  caves  of  Onas.  The  floor  and  the  roof  were  elaborat<^ly  deconited 
with  stulagmites  and  stalactit(»s,  some  of  them  united  and  ninging  from  8  feet  in  diame- 
ter to  a  f  Inaction  of  an  inch.  These*  were  pure  whit<»  when  brokcMi,  but  tinted  a  red  on 
the  outside  b}'  tin*  coral  earth.  When  struck  th(\v  gave*  out  a  clear  bell-like  tone,  and 
the  striking  of  various  sized  colunms  by  ditl'en»nt  members  of  the  party  produced  a 
pleasing  chime-like  effect.  Among  the  caves  that  1  have  visited  this  is  approached 
in  clal)oniten ess  of  decoration  onlv  bv  the  cave  of  the  fairies  in  Colonido. 


♦it-kH*  W.  B.  Hay,  in  V.  S.  Nnt.  Min..  xxvi.  pp.  4l>iM:jr». 
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Ai  u  vortical  depth,  jii(l|rod  by  the  depth  of  a  near-hy  well  to  U*.  al)out  75  feet, 
water  was  eneouiitered  in  the  fonn  of  the  usual  crescent.  There  wjt'^  no  indication 
that  we  had  reached  the  l>ottoni  of  the  cave  and  it  is  not  known  how  dcop  the  water 
is,  for  roof  and  floor  continue  to  slope  down  with  th<*  sjiine  incline  and  stalatfuiit^^s 
rise  from  a  depth  of  at  h^ast  '^  feet  }x»neath  the  level  of  the  water  at  th(*  time  of  our 
visit,  when  it  was  alKUit  8  f(»et  inflow  its  maxinuun  heijrht.  Tin*  water  was  covered 
with  a  crust  of  lime  and  no  fishes  were  seen. 

An  account  of  the  lVdre<rales  caves  will  soon  Im»  issu<'d  hv  Mr.  Pjtscual  F<»rn»iro, 
of  the  CulMin  niilway  jx)stal  service,  a  meml)er  of  the  international  copyritfht  <*oni- 
mission. 

Al>out  half  a  mile  l>eyond  Petlrefrales  is  the  M  cave,  so  called  from  the  M-sha]>ed 
])ath  that  leads  from  the  surface  to  the  water.  The  descent  in  this  cave  is  mu<-h 
steelier  than  in  Pc^dretnil^?^  Ji"d  the  stalaj'-mitic  decorations  nuu*h  less  elalionite.  A 
dim  lig'ht  penetrates  to  the  water.  Here,  as  in  Pedreorales,  the  cave  fl(K)r  continues 
to  descend  for  an  unknown  distiince  below  the  level  of  the  water.  Fishes  were  uiore 
abundant  here  than  in  any  other  cave  visited.     They  were  all  of  one  sjx^cies. 

We  visited  another  cave  in  Matanzas  Province,  al>out  2o  miles  north  of  the 
Pedrejniles,  at  the  ed^e  of  the  city  of  Matanzas.  It  was  essentially  like  the  M  <-:ive, 
but  contiiined  no  fishes. 

THE    STREAMS    VISITED. 

l^tween  the  western  end  of  the  island  and  Union,  south  of  Matan/jis,  a  numljcr 
of  streams  run  by  independent  courses  from  the  watershed  to  the  s<'a.  Those  west 
of  Sjin  C'ristoind  are  j^erennial.  Those  inuuediately  east  of  San  Cristol>al  consist<»d  at 
the  time  of  our  visit  of  a  series  of  indeixMident  j)ools.  East  of  Artemisti  the  streams 
run  alx)ve  t^round  only  part  of  their  course*,  then  enter  caves  and  contimie  their 
e<^)urse  to  the  sea  underground,  or  reapjx^ar  as  ''ojos  de  a^ua"*  a  short  distance  from 
the  ocean.  In  the  western  part  of  this  rc^trion,  from  Canas  to  at  least  (luini  de 
Melena,  there  are  no  drv  l)eds  or  other  surface  indications  of  drainaire.  Farther  to 
the  west  dry  l)eds  of  streams,  narrow  and  crooked,  were  seen,  but  with  one  exception 
there  is  noix^rennial  stream  lK^twe<»n  San  Cristolnil  and  Tnion  excej)t  alon«r  the  coast. 
The  one  exception  is  the  str<*am  formed  by  th<»  larjre  sprin<rs  near  (i nines.  P^ist  of 
Union  we  did  not  ^o. 

The  Rio  Sabanalamar  at  San  Cristobal  is  alK)ut  :in  foet  wide  and  varied  from  I  foot 
to  2  inches  in  depth  in  cross-section.  The  water  i>  in  j)laces  very  swift  and  shallow; 
in  others  "over  head"  and  in  j>ools.  The  banks  of  the  river  are  clay:  the  )K>ttom  is 
f^ntss-j^rown  except  in  the  deep  ]X)ols  and  over  riffles.  We  s<4ned  up  and  <lown  from 
the  railroad  bridjfe  and  also  in  an  old  channel  of  th(»  river  containin<if  a  mud<ly  |)ool 
entirelv  <'ut  off  from  the  river.  The  water  of  the  river  was  clear  and  at  IH  u.  m.  had 
a  temjM^rature  of  :^8    ( '. 

The  Kio  Pala<-ios  at  I^os  Palacios  varied  from  5  to  4o  f(»et  in  width.  The  water 
was  (»lear.  the  bottom  alternatedy  <^ravel,  nuid,  and  weed-<»'rown.  TemiKMiiture  of 
the  water  23  C.  We  seined  up  jin<l  down  the  ford  at  the  end  of  the  main  street. 
R^tween  Los  Palacios  and  Pjtso  l^eal  the  country  is  in  part  swampy,  with  lily  ponds. 

The  Kio  Siin  Die^o  at  Pjiso  Ueal  de  San  I)i<»cro  is  15  to  40  feet  wide  with  steep 
hanks  alx)ut  20  feet  high.     The  water  was  clear,  in  pools  and  rilfles,  and  23-  C.     We 
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seined  near  the  niilroad  ])ridjje.  There  are  sovenil  dry  Ijed.s  of  trilmtaries  in  the 
neighborhood.  At  llerradura  a  small  creek,  5  feet  across  and  with  banks  20  feet  deep, 
was  crossed.     No  tishing  was  attempted. 

Between  Ljls  Ovas  and  Goljx?  were  jwnds  with  white*  water-lilies.  No  fishing 
was  attempted  here. 

The  Kio  del  Pinar  is,  at  the  town  of  the  sjime  name,  a  broad  shallow  stream  with 
alternating  riffles,  ix)ols,  and  w(»e(ly  patches.  Collc^ctions  were  made  al)ove  and 
below  the  wagon  road  near  th(*  ice  factory. 

The  Rio  Cuyaguateje  is  the  most  western  river  of  any  size  that  flows  to  the 
south.  Collections  were  made  near  Siimidero.  The  river  near  this  town  tunneln 
twice  through  rocky  walls  sevenil  hundn^d  feet  high,  and  in  one  insbmce  probably 
not  much  more  than  200  feet  thick,  and  in  the  other  j)robably  sevenil  times  as  thick. 

The  Almendares  River  is  a  de(»p  and  swift  stnMim  about  40  feet  wide  emptying 
into  the  ocean  near  Ilabana.  It  was  scarcely  ix)ssil)le  to  seine  in  the  river  itself. 
Collections  were  made  al)Ove  and  below  a  dam  at  Calabjizar  and  in  a  small  tributjiry 
just  above  the  dam  at  Calalmzar.  The  tempemture  w.is  not  taken  at  the  time  of 
seining.     A  few  days  later  it  was  25    at  Vento. 

The  Ariguanabo  is  of  special  interest,  inasmuch  as  it  is  one  of  the  rivers  that 
disappears  in  a  cave.  O^lh^ctions  w(n-e  made  just  alK)ve  its  (»ntnince  to  the  cuve.  It 
is  a  clear,  swift  stream  running  through  the  town  of  San  Antonio  de  los  Haiios. 
Above  the  town  a  dam  at  the  ice  factory  has  d(»e|H*ned  th(»  wat<»r  so  that  a  small 
steamer  can  run  uj)  to  Laguna  Ariguanabo.  At  the  timt*  of  our  visit  the  river  was 
for  a  long  distjince  above  the  town  l)locke(l  with  water  hyacinths  and  other  water 
plants.  A  much  smaller  though  similar  brook  which  runs  through  (xuanajay  also 
disapi)ears  in  the  ground  several  miles  below  the  town.  No  attiMnpt  was  made  at 
seining. 

Collections  were  also  made  in  the  outU^t  of  the  Yunuiri  at  Matanzas,  l)ut  we  did 
not  succeed  in  ascending  to  fresh  wat(»r,  and  no  fresh-water  fish(\s  were  secured. 

Weascend(Hl  the  San  Juan  River  from  Matanzas  to  the  h<»ad  of  tide  water,  where 
a  shallow  ford  occurs.  Collections  were  mad<^  in  the  ford,  al)ove  and  Im»1ow  the  ford, 
and  in  pools  of  spring  water.  Inunediati»ly  aJnive  the  ford  the  surface*  of  the  stream 
was  covered  with  water  hyacinths,  and  the  stream  was  4  and  more  feet  deep.  At 
the  ford  the  water  had  a  maximum  depth  of  about  18  inches,  and  in  places  formed 
shallow  riffles.  Helow  the  ford  the  ])anks  Imm^ouic  stec^p  and  the  water  is  too  deep 
for  a  collecting  seine. 

TKC^ULIAKITIHS    AM)    OUKIIN    OF    THE    CUBAN    FISH    FAUNA. 

There  are  recorded  in  the  present  pajwr  8(i  s|)ecies  and  subspecies.  These  Ix^long 
to  25  genera  and  l^M'amilies.  A  numl)er  of  other  species  have  been  tjiken  in  the 
same  region,  not'ibly  Lepff<(tsfrns  trliitccohua.  Of  the 87  species  and  subs})ecies  (in<»lud- 
ing  the  last-named  species)  l)ut  4,  aside  from  members  of  the  Githlhhv^  are  found  in 
fresh  water  elsewhere.  They  are  the  s]:)ecies  of  LepixoHieHH^  SymhranchnH^  Aijomni- 
tomuH^  and  AiKjnUhi.  LrjHstfstrnti  trlxtarJuui  is  found  in  the  fresh  waters  of  Mexi(»o 
and  the  southcM-n  United  States.  Si/ufhrmwhux  iftfn'wfmrfus  is  genemlly  distributed 
through  the  f resli  waters  of  the  tropics  of  Americii,  Atujuilhi  vlirytiijjm  is  also  found 
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in  the  .streuniis  of  oa^jteni  North  America,  and  AijinufxtonuiH  immt'n^ohi  is  found  in  the 
fresh  waters  of  the  West  Indies  and  Mexieo.  Of  tlie  remaining  si)eeies  only  those 
of  the  geinis  Ilcros  })elong  to  a  strictly'  fresh-water  family.  The  genus  llcm^  is  gen- 
erally distributed  in  South  and  Centml  American  waters,  one  of  its  mem})ers  entering 
the  United  States.  The  members  of  the  marine  family  of  (hUpikht  are  found  in  the 
streams  and  brackish  water  of  tropical  America  generally,  and  their  presence  in 
Cuba  is  not  so  significant  as  their  absence  would  be.  A  numl)er  of  the  s[)ecies 
enumerated  are  marine,  and  their  presence  in  the  rivers  may  1k3  looked  ui)on  as 
purely  fortuitous:  these  are  Tarjtou  nthmtlnis,  ]JorfjrhiiinjfJinxntttatfi.s^  Centropfjiiuim 

iKtU'tmoma^  and  L(pphngt»ft!ii.s  cypruinUhs. 

Two  species,  in  many  ways  the  most  interesting  tishes  found  in  the  region  exam- 
ined, are  meml)ers  of  the  dee[)-sea  family  Brotulalct;  the}'  are  the  blind-fishes  Stygi- 
cohi  dt-niatux  and  Lucffufjasuhtcn'nncH'^,  These  have  evidently  worked  their  way  up 
the  underground  streams  and  are  now  becoming  readapted  to  the  light  in  the  upper 
courses  of  the  streams.  No  other  members  of  the  familv  are  found  in  fresh  water 
an3'where.  Atlwrina  is  a  marine  genus  with  the  jKiculiar  Culmn  s|>ecies  as  its  sole 
fresh-water  represenUitive.  The  remaining  species  are  all  memljers  of  the  PaciUuli^^ 
a  family  inhabiting  Vjrackish  water  and  coiistwise  streams.  Of  the  Pwcllildv6  2 
genera,  Glrnrdu)iuH  and  To,cti,s^  are  peculiar  to  Cuba. 

The  origin  of  the  Cul)an  fauna  is  then  not  far  to  seek.  We  have,  as  mentioned 
a))ove,  a  numl>er  of  marine  s^^ecies,  more  or  less  regular  visitors  of  the  fresh  water. 
We  have  sjx^cies  widely  distributed  in  the  brackish  water  and  coastwise  streams 
whose  presence  is  predicable  (^rV/////V/,>),  and  we  have  local  modifications  of  families 
with  a  wide  distribution  in  the  bnickish  and  fresh  waters  of  the  tropics  of  America 
{PdcllUdit),  We  have,  furthermore,  local  adaj)tations  of  marine  species  to  fresh 
water  (BrofuUdi*^  and  Athf-rina).  The  origin  of  all  the  alK>ve  i>  simple  of  explana- 
tion. The  s^wcies  whose  i)resence  is  of  greatest  interest  are  the  strictly  fresh-water 
species  of  Lrpisn.sttii'S^  i'vicU'iitly  belonging  to  the  North  American  fauna,  and  Sym- 
hriitic'hni<  and  IL  rfn<  as  evidently  members  of  the  South  American  fauna.  The  pres- 
ence of  the  eel  in  the  fresh  waters  of  Cuba  is  to  l>e  expected,  inasnmch  as  it  very 
prolwibly  breeds  in  the  ocean  near  Cuba.  The  presence  of  Symhnuirhu.s^  ILros^  and 
Lf'piiiOiiteK^i  trista'<'hH.s  and  A(jtfnus(onui  mt/ntlroht  shows  that  the  fn'sh-water  fauna  of 
Culm  has  a  greater  afiinity  for  that  of  Mexico  than  for  that  of  Florida,  and  that  these 
forms  proliably  reached  Cuba  by  way  of  Yucatan. 
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SYSTEMATIC  LIST  OF  FISHES  COT-LECTED,  WITH  DETAILS  OF  DISTRIBUTION.^ 

SYMBKAXCHHK^:. 
Symbranchus  xnarmoratus  r*l<K'h.     T.     I'iiiur  del  Kio. 

ANT.IILLID/I:. 
An^uilla  chrysypa  IUi(iiu.'»(|iie.     Sitii  Jiiaii,  iii'ur  lU*  first  fonl;  Tumo  Iv«*uI. 

ELOPH).*:. 

Tarpon  atlanticus  ((*iivii*r  i^  VuU'ii('ii*iiiu*H).     M; 

IMiiar  <U*1  Kio,  4  siH^'iinciiH,  20,  111),  1K2,  and  11*2  iiiui.,  inmi  u  i1(m.'|>  ihhiI  U-iicatii  tht*  wa^on 
hridgo,  iiiaiiy  miles  fpnii  tliv  S4si.  T1k*v  are  ItK'ally  known  as  "sadina,"  and  we  had  Ihimi  told  that 
we  Hhould  liud  them  in  this  s]K)t. 

P(ECILin).4i:. 

The  menilx.'rs  of  this  family  an*  every  when*  abundant,  e«|»e<'ially  in  stri*anis  iMinlerinjr  the  cave 
nn^ion. 

Kry  Ut  th*'  (jriu'ni  uj  i\itmn  Ptrrifiitl:* . 

a.  Aiiiil  fill  (if  iuhIl*  Miiiilitr  to  that  of  ffimik*.  i>vi|iun)Us:   iiiti-Mtiiial  raiml  short,  litth*  coiivoliiUil:   tiflh  littk' 

movable;  dciitary  Uiiu'>  tiriiily  t'onnwti'*!:  lower  jaw  stnniK  hiuI  usually  {irojtM'tiiiK  In-yoncl 

lIpIHT. 

h.  Tot'th  all  iioiiitci],  in  villlforin  Imnds. 
r.  Air  hhulfU'r  wi'll  (U'Vi'1o|m'<I.   no  caiKlal  «mt11iis;  Kill-o|K'iiiiiK>  ii<»t   rf.slrict<Hl  alNivi*.   o|K'n"U".s  fni*  fmiii 

shoiildiT  Kirdlc;  <1i)rsal  and  anal  noarly  (r<iual:  ori(;iiiftf  ilorMtl  in  advaiicf  of  anal Funituhii^. 

('.  Air-bladder  wantiiiKl  n  blark  iNflliis  at  r(»ot  of  caudal  hi  nialc;  dorsal  smaller  than  anal.  itN  origin  Indiind 

that  of  anal lUvtUiut, 

h.  Teeth  tricuspid  in  one  mw,   no  villlform  Ijaiid  of  lei^lh;   iNMly  Hhort  and  iU*e|».  eompressefl:  dorsal  «<hort.  of 

H)  to  12  ray-,  fIrHt  ray  slender  and  rudimentary rtfprimntnn 

fvi.  Anal  fin  in  nnile  idaeeil  well  forward  and  ni(Nlifie<I  into  a  sword-shai>ed  intnnuittent  orKan. 

t1.  Intestinal  eaiial  short.  little  e(»nvolnte<I;   teeth  all  iMiinted.  in  luinils:  eye  normal:  jaws  not  imMhieed; 

dorsal  short,  of  (>  to  10  rays,  iN'hind  origin  of  unal:  mouth  wide.  I'hin  \o\v HniHUHi^hi. 

tid.  Intt*stiiial  canal  elonKatt*,  nnich  convolute<l. 
c.  Teeth  iMini|>n*w<l,  entire,  without  latenil  euH(is. 
/.  Anal  prtK-esK  in  male  very  lonj;,  Herrate  U'hind  near  tip  and  with  fhiKer-like  claKiier»  f^the  pn-puee 
beiUK  m(Klilk><1  into  u  ]»uir  (»f  cliiN|is);  dorsal  in  iNith  sexes  Inddnd  origin  of  anal. 
;/.  iH'ntaries  and  intcnuuxillurics  firmly  united;  ti*i'th  i»f  outer  n>w  tixe<l.  a  Imnd  of  minute  tL*eth 
liehind  them. 
h.  Teeth  of  outer  n>w  much  eximnded  at  tip,  bntttdly  s|MMle-sha|ied  in  up|H-r  jaw.  eIose-s(>t.  tlieir 
nuin^ins  overlappiUK;  teeth  near  middle  of  lower  jaw  Hsymnietrically  ex|Ninde<I,  latenil  IoIk's 

prolonged  and  ending  in  n  |M»int tibtrvhiMhiti-. 

hh.  Tei'lli  of  outer  row  wide-JH-i,  si-an-ely  exitandinl,  s|H'ar  shapitl.  those  near  middle  of  lower  jaw 

in  tw«>  irregular  si*ric> Ttwui^,  '>  iu»v 

I/.'/.  r>enlarics  and  interiiiaxillarh's  I(M»sely  joiiieil.   Itrlh  of  outer  n»w  movable,  Inseftetl  <»n  lijis,  a 
few  teeth  ludiind  them  or  none,  llnwt.'  of  outer  row  wiile-M-t.  M*an'ely  exiMindi'd,  s|iear-slm|K'd; 

tho-e  of  middle  of  lower  jaw  in  two  irreKnlar  series Uirnrtlitnih. 

ff.  Anal  prtK-»'v«.  comiuirntivcly  sln»rl.  a  Icaf-shaiKMl  prepuce  attache«l   to  the  anterior  surface  covers 
the  tip.  lip  without  clas|»«-rs;  diirsal  in  female  in  advance  oi  ohuin  (»f  anal. 
I.  Tip  i»f  anal  pnM'«-ss  in  male  ending  in  a  simple  antrorsc  htNtk,  \\u  serm-  on  ii?  (Misterior  Mirfa<-e.  ..hirilin 
fi.  Teeth  all  |Kiiiited.  origin  i»f  ilorsal  behind  that  of  anal JhOnntilun. 

Fuudulus  cubensis  Ki^*nmann,  new  s|Kries.     * 

1  am  Honiewhat  in  doubt  as  to  the  generic  ]M>sition  of  this  s|H>eies.  its  short  intestine,  double  mw 
of  teeth,  unrest rict<Ml  )rill-oiK>nin};s,  an<l  ]>osition  of  its  dorsal  in  relation  to  its  anal,  ami  similarity  <if 
sexes  (at  least  one  of  the  thn-*'  siHM-imens  is  a  male  I  Mi-m  to  iinlieate  that  it  is  a  siMiries  of  Futulultu<. 

TyjM*:  No.  iHMiT,  Ind.  Univ.  Mus.,  L^J  mm.  lonir;  I'inardel  Kio. 

Cotyi^^s:  Two  s|K.*eimeiiJj,  20j  mm.  lonjr;  IMnar  del  Kio,  at  the  fonl  just  aUive  wa^>n  )»ri<ljre. 

Head  AAiy  alMiut  injual  to  depth;  I>.  1 1  or  12;  A.  10  or  i,  \i);  nales  24.  Orijrin  of  dorsid  very  sli^jhtly 
nearer  tip  of  snout  than  l«i.«e  of  middle  caudal  rays  and  over  the  ei^fhth  scale  of  lateral  line;  orijrin 


"The  following  «-harucicrs  an*  used  to  indicati:  the  Kenenil  distriliution  of  the  Kciieru  and  N|»i'eie8  eiiumenite<l: 
t,  i:enii>  peculiar  to  (.'ulm;  ♦.  s|iecics  |»i><uliar  to  Cuba;  T,  guueruUy  distributetl  in  trupicul  fresh  watcn;  M,  muriuv  bpecici". 
f'  To(ov»u  quiver  full  of  arrows. 
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■>(  aoal  uniliT  (-levL>Dl)i  soilc.  Ihjrsil  anil  aiutl  liiuh,  miliar  l>«.-hinil,  lar^t  ray  Riniewhiit  proiluceU,  4.3 

ill  U'ti^^tii  tit  loH:- of  tau  d.    a  111  ra    n-a         g   la.'H.        ii    la                           iwi   la    nearlyso: 

ventral^  rtsichiiiii  Id  en  mraa                                      orau                    a    and  wry 

obliijiii.-;  eye  lun^T  tn  n-u                            i«a           nUiru               ^rhn  (runt, 

slightly  rauvex  towar         r-a  T«                ii  ta                a.,     »    sin«        >-t.    fou       -t   es     ilanftd- 

Cokiratinn  britlia  du                            -uuauu              n.n  -v-Kt'tiiv  of 

spite;  a  ilark  liunif  ra  a                                                  r^            l>aal>>a            r<t!i  lower 

jart  of  fve  fiirwanl  K    h  a  L        a  i  i-iijics, 

lnmicriHl  hImivi-  aixl  I  n                       u                              p  Ik-Iow 

origin  <ifi|.inal;  iMi-k  a  k                                                            n    h      ucr  lifilil 

banilu'lu-'ky  liatKlu  an                               V                    akn       n      axil  of 

l>«T:toral  t'lliiil;  l»'lij»  jr                   m                                             •«                                ni  anal; 

U-l'.w  till:-  i::  :i  narrow        m  k                              a.                              »                                rl     ipii.i-nt- 

itsa  luiiil;  i-'W  n[  I,  i,la<-k; 

vi^iilral  surfaco  ollnT«       w  u 


OambuBia  punctata  I'"!- 


Sin  fristolKil. --HJ  (vmaU*:;!  I.. 

S4  lUKi.:   11 

inak-^riOt'ilil  itiiii.;  )V-«>  K<-al. 

■J  (Hiial.-s 

Ri...  !l  fiiiiak*,  III.-  brvi-si  M  nil 

II.;  San  .In: 

llif  lar)n'!'t  4:;  Mini.;  Calahiuuir.  ; 

r  t.-nialfs.  1 

This  -^i-i-i.^   i.-'  ^iK.rl.-r   .i[i< 

1    ,1.V,,T   .1 

■lorsal  in  ilii-  s|.,-.iiii.-n>:  tiikeii  <■■ 

Slid  Anlonio.af.-iLiaU-;-,  til'' 

iur.'f^l.-.sii 

It,  atiii  II);  I'ulat'ior:.  1  ft-iuuk- :;!• 

mm.,  ly.i: 

llir  larm^t  i'>  [iil[i. 

lilt  11.  as  (iarman  I'liiiiil  in  hi^  >lifciuii;ns, 

,  l>.  ^<:  Siiii  OistoUil.  4  ji'uiali'^,  tlu'  laiw-^l  4.''  nini-.  I>.  K 

nar  .1,1  l;i...  4  fi-uiali-!-.  tin-  larv-iM  47  mm.,  iiml  .1  inak>, 

GLASntlCHTHTB  Oormu 

liiti'stiuu)  lunal  t-loiipili-;  miili-?^  uilli  una!  liii  nit>li1ii-<)  inl'i  a  very  Inii);  intromit  ten  I  oruan;  ja«>< 
iniii'li  more  lirinly  iinitiil  than  in  '■■ftr'Unii--',  eaili  with  a  mtii?'  of  eliwe-^et.  Iifiail-tii'iifl.  entire  ur 
but  sli^litly  ireniilale  tii'lli.  IIicm-  livtii  not  miivalile.  a  n^irrnw  liaml  nt  smitller.  l>roai]-lip|ie<l.  I'oiiical 
orlriruxpiil  teetli  N-liinil  lln-iii;  tins  >mall.  atail  in  a'hami' <>f  <l<>»al  in  l-<tli  h-ncs. 

Mor-t  nwirly  aliii-l  to  i;...-l..<  aw\  i;.r-r,l...ii^.  jiti.l  .iifferiiiufn.ni  them  ineharailer  of  l.i-lh,  '.■—/... 
Iuivin):tri|-ll!ilii<l  leelli,  i;ifir<lii."i-  haviii;"  tnnvahle  li-K-ely-K't,  and  Tiuiw  liavinj;  lla^■tat^■  teetli. 
Ol&ridicliUiys  umnotatuB  I'ih'v.     * 

Alalii'lanl.  Klfly  i-[H-.imens  |.rx-ervt.-i  from  San  Cristolial,  47  to  ,S4  mm.  hiny;  a  niimli.<r  of 
i<|ieeiliienK  liave,  in  a<l<liti<>n  to  the  lalenil  s|.>l,  a  s|iol  on  either  Mile  of  ami^  ami  MfUiutime.^  a  Mack 
streak  eonrieeliiig  llu-  two;  in  one  iui-Uuce  tile  lateral  fjiot  on  out  >iile  ie  entirtly  ivpLieeil  l>y  tlieanal 
v|iul:  niakv  1 13)  :t8  to  47  mm. 


BULLKTIN   OF   THE   UNITED   STATES    FIHH   COMMISSION. 


At  PaiocioB  2i  Hpcciiiieii 
in  Stui  CriHtolml  Hixi'iiiit'i 
I'bmi  Hull,  2  fciimk-H-,  1' 
liuiur  wrieM  td  teetli  in  iip|«T  j«w  kii 

■T  JHw  litllit  expujidt^i 


.■e<i.E 


oKl  I 


I  Diie  H[H.-eii]ii>n  iinly 

ilcl  Ri«,  4  fciiial«>. 

itli  fharjily  triuii^uli 
I.     Ti-etli  of  oulttr  n 


II.     FlucliiHliuiiH  iu  the  lut4.TalH|iot8o[  female 
tiall  H|>ot  i>n  iiTic  nth',  iioiif  on  iilhl'r. 


T  trkiirii)i(i  ttvtli  ill  4  iir  5  rowa; 
ii<l<lli-i)f  jawa  irniiulurly 


t'xiianiluii,  lateral  loln-siiroloiip^^liiitoa  jmiiit;  latum  1  ti'otli  of  lower  aiiit  of  upjM'rjuweijuiillyexiiandc'cl 
01aridiclithy«  falcatus  Ki)!i!niiiutJti.  new  Hiweiex.  * 

Type,  K<>.  fitHM,  Iiid.  Iniv.  >Iuf.,  a  [t^iiiale,  82  luin,  Itniti.  tn>in  San  CriHtiilial. 

Cdtyjies;  Ki(;ht  feiiialta  fnaii  aui.ild  rivfrehuniiel  at  San  (.'riHti>l«ii,  tlieHitiiilleHt  (iO  inni.  Icmft,  (lie 
lar^wt  ttT)  nini.;  4  feiiiiiUi)  5(1  to  5it  mm.,  from  ralat'iof,  taken  in  a  niiidily  (miil  in  tlic  river  liLil  at  the 
fiinl;  8  femali-B  ami  2  niaU-s  from  Kiii  del  Ilnar,  tin!  fenutlui  118  tti  47  mm.,  tlie  malef  2it  and  .17  mm. 
Tliis  8i>ei^iew  rciK^lieH  itB  maxinmm  Hiie  and  i«  most  ubnndaiit  in  wann.  muddy  \xh,U. 


lirmtl'/-lUia«r  EljWllDl 


Iloily  liHif!,  aleniler, Jittk"  eijni[m-»«<l;  luail  4;  deiilh  i  ',iii  ]in-Knaii'  feinakf  'i.^);  ]>.  li;  A.  11; 
M-aln'  2!l;  lieiul  liroiiil,  weiljje-nhaiieil  in  iinilile,  with  lowfr  jaw  very  rihlii|ue,  jirnjii'lin);;  eyti  very 
litrge,  l(in(!<T  than  muciiiI,  iJ.li  in  hea<l,  1.4  in  internrhital;  mouth  very  oltli<|ue,  wuall;  inlerorbital 
iliviileil  inlo  II  difitinet  riwionn  liy  km^itudinal  icnxivcH,  ecnlral  jxirtion  eiinvex;  ori^flii  iif  ilorsal  (!i)ui- 
iliHtaut  fnim  \mM-  of  middle  eauilal  ruy  anil  orijiiu  of  iMt^lonil;  dDnul  and  aiial  falcatt'i  xei-oiid  ravK 
Hiekle-Nha)H.tl,  ctach  t'xIendinK  for  one-tliinl  itt*  lotul  helclit  U'^-iind  tip  of  laft  ruy  when  foldiil  liack, 
little  lew  than  It^utfth  uf  head;  caudal  emm^nmite.  wmie  of  onter  niyn  prokint!e<l;  origin  of  amil  in 
fcnmlt!  alKiut  ctiuiiliHtuJit  from  liato:  of  middle  eaiiclal  ray  and  anli-rior  inaiyiii  of  eye,  iti<  seventh  my 
under  oritcin  of  domul;  ventrala  uxually  n.'«i^hin)c  to  anal;  |icvturalH  alKiiit  Iu  middle  of  ventiali*  in 
ff'Tuidi',  to  \tami  uf  anal  in  iiutle. 

San  Cri8twl>al  ijpeeiineiui  very  jiale;   a  rliiKky  Htreuk  from  nu]>e  ahmii  middle  of  Inu-k  toraiidal, 
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.-  lali-r 


>iiil-lt'  x-ric-  of  .  1m>riiiit.>|.li. 
.■.il.irlo.-. 

r;ila.'i.K-,-]«-.iim-nr-...lur,"l  lik.- tli..«.  ir..ii,  S:iii  Crir-ii.l«il..-xi',.|,t  nm-iii  whicli  ea.'li  w-iik- nf  tliesi.k- 
U-l.iw  Uti-ml  liri.-  i>  .-k-i''!  willi  a  ^-ri.-^  .li  rlir..iii;.lii|.h..rt-  ami  ihtri-  i.-  a  (aiut  liiiil  nf  K  .lark  Hj«tt!' 
uloriK'  ii><-<iiaii  Mark  litir;  rvvioii  uU.vr  1iit.-r..l  lltic  .liL-ky. 

1-iiiur  -M  Ki-  .'ixviijj.-n.'  ,:.\..r,-\  [\kv  \hi-  'Uirkvr  l^ll:>•'in^  ^|K->'iijj.'ti.  s.>LiR'tiiii<-.-  :i  Murk  strtrak  uii 

■■itln-rw.l(-..i  allU^a]Jl^  forii:iri1  r..  viutraU,      Mai.- "illi Iili>-.|  [".rti..(i  i.f  tlic  anal  vi-rv  ]..iii;.  »ilh 

n.-tr.irM>  ^]-m->  l--liiii.i  aii.i  a  lit;l,-  .  liu-|-T  ..ji  ii[.  ..i  Imii-,..i  ray- 
Olaridichthys  torralbasi  Miu'inniiiini.  ii.'w  >|«'ij.':-,   * 

Ty[«',  N...  •■Kr,-2.  l„.\.  rniv.  Mil.  ,  u.al.'.  r<  mo..  |..iii:,  imn,  l'i„ar  .1,-1  Hin,  r.-j.ix-M-nl^  a|.|«ir(-ntlv  a 
IR-»-s,K-.-i^..  Ill  i;i-N.-nil  :ii.i.,«r-in.-..  il  >.rv  L-n-allv  r,-H-uiM.-^  III.-  tll:ll.■^^  ..f  '/iV-.n /;».<:.  m.l.-llirua  ail-} 
l:l.ir..lHhlh;.  •n.^..:U,l..,.      Kr..iii    tli.-    f.iriii.  r    it    .liff.-is    Jii    [".-.-...m,,;.  lu,,,).  ..f  |,.,.th    in  jawa  U-)iin.l 

fnm.  Ilu-  ^-.-.iiiil  il  .iitfiT.  ill  .■n|..nili.iri.  haiiiii:  tm  lal.nl  ^j-.t  uml  !i  .■..ii:<|.i.u...is  .|.,rail  Iwiid.     There 
un-  ii.>  <>tli.<r  ^■jH-.'it's  wtiidi  il  r.-M-riil.lt-,:. 

i>.  il-.  A,  HI;  r-ali's  L'K;  hfiiil  ;i.ii;  ■ii'i^lli  :i.:i:  l.-iv  rM[i,|irL-M<-.i.  .-l.tiijniu-:  im-iiUi  siiuill. ^ulrti-niiiiial, 

.iiitiT  «Ti,--  iivi-rlaiJi.iiii;,  llnr-i-  -i  l<i»i  r  jaw  iiinri'  ]"iiiik-.i;   :i  liaii.l  «i  iiiiiiiiK'  Uflh  licliiixl  at  itabt 
till'  (r.uit  riiH  ill  iiiubt  jiiw;  'lor>ai  Muall.  il,-  li[^t   ray  i-.)iii.|i-Unit  ir.nii  Uim-  •>{  iiiirMl,-  c-judul  rave 


tyc:  cailJal 
loti;:.  niili  »>rni-  U-liiiul,  ami 
yi-;  {Hxtiinil  n-acliin^  lo  aiuil: 

<l.ir>ai  uilh  an  ar.li.-'l  liaii.l  r.  a.  liiiiL' fn.m  t'liH  l.-iiL'tli  <>f  lin-1  ray  l.i  Uis.'  ..i  \ar\.  i-anilal,  vi-iilral.  aii.l 
|*<i't..ral  .-..lorl.-.-v-.;  liivl  ray  <>t  anal  pnK-.'>^  laiv<-ly  1.1a.  k:  r^i'l.-:^*  witli  al-iil  in  .lark  .-n,».yln'iiks:  all 
s.■al^■^:  ii.ar-jiiH-.!  Hilli  l.la.k,  <l..r^al  nii.-i.ol  li.'avilv  ^.;  a  .lark  .l..r>^il  =.lr..:ik.  :i  l.lu.k  vi-iitml  \\w 
lN.-liiii.l  atuil.  a  .lii>kv  loiii.l  an.ini.l  li.'a.l  jii-1  in  Imt.l  ,.i  vy.->. 

I  uik,.  i.l.-aMirr  il.  naiiiinv  this  -r-vi,..-  ...r  I'n.l.  ,I.,h   1.  T..rrall«-,  ..i  Ih.-  .hair  ..i  /.-.l..w'V  in  tlu- 


In 


Mai 


Oirardinus  metallicui 


■alt-  I. 


:i..;    lariir^i  i„al.-.  41 
>>la<'k. 


-.  V>  n.n..      A  f,-H  fi-ii.a!i 
r.mi  I'hiii  t'.  tail  lila.  k  i 


Sai.  An1.>]ii.>:  lar^.f^t  ft'inak.  ?i  i..ni. 

Ar^hlLii;  f.'uiuk>  usually  »illi  1>la.'k  ..n  anal:  laru.  .-t  t.-inal.-. -'<1  1..111.:  latvi-^t  niak-,  :W  nun. 
I'inar  ilcl   Ki.i:  larin*!  fi-niak-.  tl«  tniii..  Iari:it"t  nuili-.  41   nini.:  a  nuinlK-r  .1/  uiai>»  with  a  lilai-k 
struak  iif  varyiiiB  iiituiieity  ami  wiJtli  aluni:  llu'  vi-nlnil  {.iirfaiv. 
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Olr&rdmus  gumani  Kifn'niiiaiiii,  lu-w  Hpt«iif.  t  * 

Ty[N',  Ku.  HHI>\,  Inil.  I'liiv.  Mtu.,  iiiic  iiiulis  :V\  riiiu.,  I'iniir  ilcl  Ri<>.  0>ly|ifs,  imt'  male,  :S!t  mm.. 
Pinar  tliil  Kii.;  .nu-  ^Ilal^^  :«  iiiiii.,  l'Hliu-i<>><. 

D.  'J;  A.  !l;  Mvit«<  211;  <l(>i>lh  .t.-l  to  H.li:  huiul  :i.K  lu  :t.S.  IIihIv  <i<iLi|>n-xM-il;  lit-iiil  tniiicaU-*!,  luwcr 
jaw  iiottrlv  VLTtiml;  miiutli  very  MUHlt.  li]iH  llii<:k,  Ut'tli  in  ii  fUisli-  itTii-H  in  I'lU-li  juh-,  hIi>|n!i1  ua  iu  6'. 
iiieluUii-wi,  very  imivHhlt;,  inU;niiuxitlHriit<  ami  di'iilork-K  tint  iinitcil:  i-yi-  ii;'  I'ltij;  uh  fuimt,  2.^  iu  liewl, 
uiual  t«  iiiti'nirbihil;  oriKiii  iif  ilorsnl  u  lilUc  iii-ariT  iKi'turul  tlutii  lnkM-  i)f  miilitli'  laiuilul  royti;  iliinal 
roundel,  Hiimll:  tloncil,  inurlal,  anil  ]>c«:Iiirul  uf  uIhiuI  (njiuiI  liciirlit,  ii|iui1  tci  ilii^luiKi-  iif  [Kt-tonil  fmin 
isyv;  aiiul  |inKvw  2.5  iu  luUK'th,  svrniti^  ui-ur  jtH  lip  lH>liinil  ami  willj  it  rla-tjicr  iit  it^i  cucl;  votitralK 
very  Miiiull,  ruu'liiiij;  to  thi-  uiwl;  vi'iilral  [<iirfaiiM-olctrUw  vsiviil  ii  lilai-k  line  frmn  iiuul  tti  iiiuilul; 
Biuliti  of  Hiilu  with  a  dark  margin  of  ini'TvuMiiii;  wiilDi  towuni  tuu-k:  »  dii!>ky  ilonwl  stn«k:  Iicud  in 
front  of  eye  'lark  almvu  uiirl  In-low;  irniou  Ik-Ihw  i-yi-  i-iili'rlfi<:i;  a  ncll-iU'rMitxl  ljliu-k  sjmiI  iiu  liuw  of 
ItiHt  5  dorsolravH;  firut  donuil  niy  lilack;  uiial  iimcL-XH  IilLU'kixli  >iii  ImkiI  liulf,  u  nmiill  iiKliHtinct  lila<;k 
ti|Hit  on  (liHtul  liulf  of  liut  anal  nii^tid>mm'  and  i-xtt-mlii^;  at  tiuio'  nn  nvifcliUiriu)!  n-);ioup;  uidi-^ 
witiiimt  Bln'aku  or  luire. 

TIhh  ><]M.i;i('H  iliffi-ry  fniui  '.'.  itui'UtwHH  aiiil   O.  ittHlii'iliiiui' 
Hixitti  or  lian!  nu  lliu  fiitt.'M,  in  tin-  iiumiIht  of  anal  rayi 


TOXItS  Figanmaan,  aav  ganoi.t 

TIjjTiM  KiK-cimuinii,  m-w  t.fuu»  of  i'..ri/;,W;i  (,„l,ll,'i). 

1\m  >;.!nnH  ilitf.rin  Innu  flhirUUi-hlhu'  in  itt-  narrow  I.fll.,  from  i.'ir.,,,!.,,,,..  la  liaviii^-  ite  jaws  Hrmly 

Tozius  riddlei  Kii-tinmauii,  ui^w  mini'iiv.  t* 

Tyi«-.  N.I.  «»!,  Inil.  I.'iiiv.  Mu^.,  a.  Uwah;  :.! i.  |..iin,  fnmi  S;.ti  <ViH..Ud. 

C»ly|H.«:  1  funiak'  (Mi  trim.  Ion;;,  and  :!  mall's  :i:nind  ;ll  ii.ui.  lou^-,  if.ui  San  Cri.-<lol>al.  Hcwl  4; 
d(!i>tiiJ.4;  I).  II;  A.  10;  >Nul<3iiL>K;  ori|;inofilomil  midway  Ixtwi-iii  l.:is)-of  niiddUcaudut  r:i\iiandoriKi]i 
of  upiKir  jMrtorul  ray  anil  owr  thirttvutli  m'hIc  of  liili-nil  liin';  'iri;.']!!  oF  uniit  Ih'Iow  i-lrvi-nth  walv;  fins 
moderate;  lunt^ust  d<ir8a1  ray  niuaiin);  lcu;;tli  of  lii-ud  witinnit  mihiiI;  i'vi^  I'ljiiulin;;  Huont.  little  mure 
tluin  3  in  IimuI;  iiitvriirliilal  i-onri'X,  iiiiialiu)!  tinoiit  and  cyi-;  |>riitili'  piiKlitly  curviNl;  initvr  row  c»l 
tevtli  movul>U>,  PiHsir-aliafHii,  nut  vi^y  d'xM-iy  net,  tin>wu-ti|>|H.il,  a  Uuid  of  mliiiiti'  In'tli  liohiiid  tliein; 
a  <lark  latfrul  liauil  crotued  liy  a)x)ut  I!  indiflini-t  dark  rruwiiaiiilr';  tfuileH  of  !iidi-->  wilh  u  luht  oent^ 
auilauarniwuroriirouilcr  margin  of  dark,  fiirmiutin-iiiiilati'Mis;  ail)irk>>tr(i!(kfXli'mliiiKtlowulN)tWflen 
cyit  and  annio  of  mnutii;  iwat  of  liiwt'r  side  of  head  and  Urlly  wliili'i  )H-clom)  tolurlcH*;  caiulal  (aintly 
diuky;  aiml  willi  a  faint  dark  liunil  tliroii)tli  the  nddillc,  the  ti|>H  and  iiasi'  (ijturtt'HHi  dursal  diiaky. 

Mall!  muili  xmallir,  tin.-  wior  coutnu^tK  cliari-cr;  alHiul  7  wcli-markod  dark  rrotvlundu  in  tha 
lar^ur  H|ii-i:iincn ;  dorxui  li|i|KHl  with  dui'ky,  a  black  lianil  from  kiM-of  l;u^t  dori^d  rayx  forwanl  lowwd 
bauul  lliird  of  fourtli  dunnil  niy;  in  the  lart'LT  H|ii.-cimi'U  it  wrii-x  of  'lurk  s|H)tii  on  ilorval  niya  on  a  level 
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will)  (i|i  lit  lint  one;  u  Iilui'k 
iBKt  ravs;  first  (ullv  ■levclojH 
iiiiul  uixUt  oit:lit1i  h^iU-. 
Itak< 


•J  iiial**,  iIk-  larvivt  71!  im 
sliiiwiiii!  uri'iLl  vurialiilit; 

iiiiW.  (Ill- larvi'^t  7<l]iii>i- 


PcBcilia  vittata  (iiiirliMi'it.   * 

Sac.  <.-risl..lwi.  .>v,.ri(l  U-„iak->.  ,]„■ 
nioti'ht-K;  (III-  ^[tiiill  ••111^^  Willi  :t  y<-1I..u  ^tri|.i':^  1«-l<>w  III.'  hit'nil  liix-  ui«l  fK'.|(ii'iitly  uitl 
sorics  iif  Maik  ■loli'  alunu  I'lwcr  (uirt  nt  si'lf;  ^L'  r 

Suu  Aiituiiii'.  5  fi'iiiali-^,  till-  lar(,f»l  llfl  iimi. 

Iaih  I-aliu-i.c,  71)  fi-Miali-K,  Hit  lanrtft  IIXi  iim 
aliiiii;  ;!5  iiialcs,  tin-  laiw'  »>5  '■""■ 

Calalur^r,  !)  ft-iuuti-x,  ttii-  laiv>?<t  Itri  uiiii. :   I  tiiiik-i 

Plu^i  Krai,  :l  fi-iiialix-,  tlif  laivi-^  SO  mm.;  I  male.  '>:i  iiiiii. 

[•itiur  .li-l  Kill.  17  f.'iiiak-:-.  llit-  larv-wt  Ki  mm. :  »  nmU-s.  t!ir  hitvi-^I  l«  mm. 

Siii,ii<U'ni,  -2  fi-mak*. 
Heterandria  cubeneia  Kit;i'iiiiiumi.  iit'iv  iiiH-t-itv.  * 

Ty|.«-,  N.i.  TW;:!,  lixl.  Univ.  Mli^..  a  kmal.-,  ri'iiiiri...  (r-im  L.is  l-alaii.*^. 

0)ly|itv,  iini'd'muk- witli  yniini:.  *!tiiiii.,  (rifiii  l.<is  I'alarirK,,  umloiif  (vniali',  :t.~luiiii.,  from  I'inarik'I 
Hill.  TlitvL-  t<ptrimi-iii>  a;:m;  well  willi  lln-  clianii-liTs  nC  ilii'  miiu:-  Ilihr-imlrUi,  a»  rei-lricti-il  liy  tiar- 
nian,  t-x.vpr  that  tlit-  oiittr  xt.-rii'i'  of  t.ttli  ait-  itKivaMi-  llt-ail  5  to  r>.2:  cl,-]>tli  :!.:;  t<j  :;.7;  D.  !>;  A.  lU; 
w'ak's  21*.  IkHly  clnntratc,  link  i'ijiii|irf!i«.il,  t-viitTjl  aliajw  ikal  of  t'tiii'liJiu-;  |injtilt'  nvnlarly  filrv«L 
from  'lonml  tin  ti>  cycii.  Hattoiitil  ifver  eyt.-:*  ami  foruaril:  moiiili  siiiull,  ojicitiiit;  U|m'ar<t,  the  lower  jaw 
|in>}(vliii)!:  l^jiieaof  jaw  loosely  tiiiitcil;  I'vc  1ii[i«it  tiian  mi.mli,2..S  to  2.7  in  Iii'U'l,  very  liltk  lei«  than 
intenirbital;  origin  uf  ilnrsa I  a  little  iifarxThi-u'I  (liaiiluiwnf  iiiii|ilkniinlal  rayi>,  civerlirBt  thinluf  anah 
■lonal  anil  anal  both  lak^tv,  the  aiiterlur  ravH  exlemliiii;  iiiiu^iilerahly  beyoml  ii|>  of  laf>t  when  laid 
liai-k;  lii;;liest  (lor><al  my  sli^flitly  shorter  than  hijiliii't  aiial  ray,  alHiiit  ojual  to  lenj^lh  of  head;  i-audal 
a  little  lotifnT  than  liead;  veutral  rvaohiiiK  to  anus;  ini'lunil  ruaeliin^  to  ventral. 

Sealee  of  tlie  niid-doreal  line  with  their  doraal  ludvee  diL^ky,  thutte  of  entire  xidv  marked  with 
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black,  inout  diBtiiict  alxivt  lateral  lini-;  a  wriw  of  12  imrniw  ilurk  ■ 
aiid  ae  liiKh  ox  vyu;  an  irrtiKulur  lilai'b  slrfak  iLliini:  niiildlt'  nf  xiilt' 
niembrutii:  lilai-k;  a  lilac k  lim^aii'l  a  ffw  diriiiiiatniilnirt*aliniir '■ 
to  caudal;  chin  <hiHky;  i«Tt(inil,  ventral,  uii'l  ln^lly  wilorkt*'. 


L-rtii^l  Imnilti  uUiiit  um  wide  au  pupil 
(liirnal  li|i|>iil  with  ilunky.  tlic  tint 
i-h  iLiial  ray;  u  blai'k  line  from  aiial 


■A    ^\i 


SYN(;.\ATHllt/E. 


DoryrtaamphuB  linoatus  (Val 


I  lli<-  Itio  Knn  .Tiiiiii  Iwlnw  ihi'  fonl. 
ATHEK1M1).+:. 


Atharina  evermaniii  Ki^*nuiatiii,  ii< 

Tjpe  ^     fl657    I    1    U         M 
■Ml  fro     Su    (    Ht  tial  H    1      1 


1  I    ilititai  -e  fro 


lenKtli  of  eye;  caudal  litllu  \vat  tliaii  lenfifth  of  Ik;iu1;  arm)  immtIuI  in  lulviiiK-e  of  oritriii  of  dtinul;  voti- 
trala  aiiiall,  imt  reacliiuiiunal;  (irctDnil  rcacliiiijf  ti[iH  uf  ventralt^;  a  eoiiPiiicuoiiM  laterui  Inuid  iiiuxt 
inUiUBe  oil  cauilal  {Niluiicle,  ^raduaily  fwliiij^  out  umler  jiectoral;  n*;:!!)!!  uliovc  tliiH  in  all  caMM  thickly 
pL'jipcnxl  with  iilack  celiH,  niont  thickly  hi>  nlniiff  iu<Hlinii  line;  rvKiun  U'luw  tliiH  in  many  cancH 
miiiiliirly  but  Ivw  iiit«nHuly  Hjiott4:>il;  liiwur  Hide  of  huail  uiid  lin'iiHl  whitu;  veiitralN  iiinirly  fret-  from 
|iiKini4it;  all  the  other  dua  with  i>i)[iiit!iil,  uvllu  uf  iireater  or  1i9m  inleiifity  aloiifc  the  rayc.  Ttiii>  Hiwvii-M 
in  rouilily  dit!tiii)j:niitiiable  from  the  other  H]K?eitii  iit  Afliiriiiit  by  the  mnaller  iiunilxT  of  Hcakv, 

I  lake  ]>)<!:ixuru  iu  hauling  tbiii  HjieeicH  for  I)r.  llurtun  Warren  Kvtirtnnnu,  in  reei>)!iiitioii  of  bin 
valuable  work  on  the  tixlieu  of  the  Went  luditw.  e«pM'ially  hiH  work  ou  the  liHhva  of  I'orto  liicii.  > 
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\iir,iLii).+:. 

AgonostOmus  mouticola  I  )l:iiiiTi>Jt  |.     T. 

lann-ft  171)  iiiiii. :  I'itmr  <W]  Ki<i.  n!iiiii<k[il.  1li<-  lar.'i-^t  lilO i. 

LENTKOl'llMMI.i:. 

varyii.u'  i nt'tl.  ir..iii  -m  t..  I'.MJ  ,um. 

LITIAM1).+:. 
laUtiauuB  jocu  (llliicli  A  S(-lin{-i>liT).     M. 

IiUtianuB  grUeus  (Walliuiitii).     M. 

ciiH-  pdiall  HjiwiiTieii  (rotii  du'  l!io  Siin  .liiiiii,  jus't  U'l.iii  tlic  fonl. 

i;ekkii>.4;. 

Eucmostomus  meeki  Eip.-niiiniiii.  iii'«- ^|Hi*ii-;^.     M. 

Tj-iH-,  Xr,.  Wm.  Imi.  l'niv-Mii.-;.,.is|«<;iiiir(il:!.->(iiru.,  fn.iiiSiui.Iililii  Uiv.-r.  jn.-H  U-L.iv  itw  fin^  f..rd. 
I  ieiienil  ai'iM-aratiii-  of  f'ixuui  l.fn.iii.  liiHcrin;.'  fnmi  all  utlitT  cpniiin  c.[  tin-  ^tiiiis  F.iinuiHii.iiiii/  \a 
having  liut  2  anal  !i[iiii(>^. 


UkuI  ;{.i'>;  ili-pfli  ;j;  P.  I\,  III;  A.  rL,  S;  wiik-s  4-l'i-!);  cvc^  !  in  ^n.iiil.  :i  in  lu'.iil.  I  iti  iiilrnirliital. 
IWly  i-loHi.'HU-.  littl.'  <-.m.i>n-s^-<l  or  I'lcvaU-.!.  ihi'  .lorsxil  |.ri>l'il.-  hnt  liltlt-  itiorc  <'l.'V!il.-.l  tliaii  the 
vcntnil;  siLiiit  iHiiiilol,  Iti<-  |>r..1il.-  fri'in  hxxK  to  il'.rKil  ^I'uily  ar.li.-.!;  inniitli  narrow,  It'rniiiial.  I>ut 
Littif  al-.vc  till'  lowiT  iiiarjiiiL  nf  tlir  vyc;  maxillary  irachini;  U.  v>Tli(-al  (r..rii  trout  of  vy.;  :t.4  in  head, 

I'irli',  .')  ill  lii'itil;  itili-niiaxillary 
Ifn>i>v(-t'nlin'ly  natnil,  its  wiillli  5  i[i  tlic  iiiliTorbital:  iirfiiH'rcli- ami  iiiroHiital  entire;  •lor^il  R|iin«< 
Hlenitt^r,  tlir  pu'nnd  ImipT^,  6  in  Ilii-  li'n;;th:  vi'nlr.il:>  slmrt,  roacliint:  lialf  uay  to  atial;  |Hi'toral  lon^, 
3.5  in  thelcnf;1h,  rtwhinj:  U'vimil  li|)K  <d  tlii'  vi'iiir.i)^,  hut  not  to  vent,  t'irpt  anal  Hjiinc  ininnte,  the 
Hecond  tHjiial  to  the  k-ntrth  of  ihc  <  ye. 

Color,  aHhy  cray.  with  hiiiik'  inftallir  n-llo'Iioii)';  'liixky  lin<'»  alon^'  Ihi'  t«wi'  of  m'uli-)';  xidrat  am) 
hHi:k  evt-rywhtTf  puiirtalt'  with  ininiiU'  lioti-;  vertical  tut^  •tni'ky;  \i'Htnils  and  jxi'tdnili'  li|-lit<>r. 

XaiiKfl  for  Dr.  Setli  Knceni'  Meek,  a»*ii4aiit  curalor  of  zoiiJony,  FiuliL  Coluniliian  MiiHeuni,  in 
recognitioD  uf  his  excellent  work  oa  Mcxiuan  fiebes. 
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IiiiliviiluiilH  uf  the  tnmiis  Ilenii  an-  iih  iiiiniiTiiiiFi  in  tlii'  frivaiiiH  iif  ('ulm  oh  imlividiialH  of  the  Oni- 
tmrrUidir  are  in  tlic  rtn-ftitiH  iif  iiiiuil  wzi-  in  thi'  CHiin  valley.  Thry  were  foiiiiil  by  iiixlown  tn  liile 
WHter,  Irtit  nut  in  if.  Dniy  a  sinirli-  Hiiecii-s  hiu"  bti'ii  n-eonliil  (nun  (,'iiImi,  ami  nofhinn  him  l)e«ii  wuil 
either  mnntrninif  iLi  iliHlrilmtiiin  <ir  ilH  varialinn.  N"  "iio.  exiT|>l  |K»iih!y  I'oey,  haw  liefurp  liiin  I'oni- 
juinil  niiinlK'ntiif  HiHi'iiiienH  f nirii  iliffi'reiit  |>)ai'o><  or  even  fmiii  the  »iii>e  {ilnei',  Surh  a  eixtipariwin 
in  iiierefiin'  very  ili'riiralile.  unil  thi-  iiiitlcrial  r<il]c<'ti-<l  (iir  Miirpni'MO'  nil  olher  rnliei^tiiins  iiiade  Iiefore. 
We  have  nltnjp'ther  2;ttt  p])e<;iiiienH  frmii  variixm  liN-aliliec.  All  cxuminati<in  of  all  uf  tlin*'  proven 
either  Uie  priwini'  .i(  Hi-veral  iiislejul  of  ji  Ati]i\f  wiH-eieii  rm  the  ixlniut  or  n  Tc'niarkalili'  varialion  wilh 
tiiealili<f,  A  clelinitimi  <it  the  variatioiiti  hw  iinivfl  very  vhifive.  The  nunihcrH  ot  fin  raycanil  M-aii-t) 
are  iiniforin,  wi  Hint  the  ■llfteretnti'  exist  ii)  tile  jiriii")!!!!.!!)!  am)  tiic  ciilor.  But  the  eiiloralion  a\go 
liai^  a  icrlHiii  iimlerlyini;  iinifiirniity.  Thon-  in  a  spot  ni«r  Uie  niiiiiile uf  the siile,  Hnolher at  the  l>a»e 
<if  tiio  iiiiiiIhI.  aii'l  mi  aliwuire  Ihinl  ulKive  the  ifill-ojieninii.  There  nr>'  iiiimeroiiH  Hriiall  f\*ib'  on  Ihe 
rmt>  ami  on  Hi-ali^  of  1hi>  si'len,  <-^|Ht'iHlty  Ih-Ior-  ami  <m  the  'i|M'n'le>'.  ami  winietiiiKw  on  the  <-hK-ki>. 
Then' is  al*i  a  liinirilii'liiml  flrrak  from  Ihe  eye  thrcmgh  the  lateral  H[>"it  to  the  r-aii<lal  sjHrt.  ami  a 


definite  niiinU'r  of  i  r'ii«il>iiri',  iKitli  ntreak  ami  Imry  imist  i'iin»>iiii-uoiii<  in  Ihe  yunnj:  iiiiil  in  lijrlil- 
colnroil  iiihilt  itKliviiliiHlH.  Thin  nniloniiity  nl  iimlerlyiiit;  ftriK'tun-  niakit"  ileliniiifiof  s]H<eie:<or  varie- 
ti(«  a  'lilhriilt  iiriH-eeilin^.  The  ])<ilynii>r]'hiNhi  i»  fnrther  <iiio)i1ic»teil  l>y  inxlanirH  like  the  follciwinfi: 
The  »i{ieoinienK  from  San  Antiiiito  an-  muUly  referalite  Ui  ii  ii;rtHiii  form  touml  at  Calalmxar,  although 

they  (lifter  from  C'aialautr  I'lH'eiii n  in  <|nlte  renilily  <lii<tinjiuishal)le  featiirtv;  )mt  one  of  l.heni  differx 

notably  from  all  other  H|)ceiiiiens  mlh^eted  at  San  Antonio,  and  wonM  iiiihi'tiita1int>ly  Ik-  i'<inHi<h'reil  n 
Npec'i(«  (liHtinrt  from  the  other  i<|Hi'imeiiR  Irom  Ihe  Kinie  lixality.  Itni  iil  fatattioK  (he  wiiDe  form 
branehinf;  from  the  Calaliazar  fonn  apimiai'hei'lhei'hanu'leri'of  theHitigleHiHi'lrrien  from  San  Aniouio, 

1  venture  to  tliweriiNt  huru  ei>rtain  of  the  mont  alwrRiiil  formn  aw  new,  withoni,  however,  fet-linjc 
Hiire  that  th(>y  are  really  diBtinet  varieticH  "r  njieeiitiorthal  »oiiie  of  Ihe  other  forniti  referral  to //.Mm- 
con/Atu  are  not  alwi  new. 

HaroB  tetracanthuB  Cnvier  A  Valeneienniti.  ' 
HeroB  tatracantliUB  torralbaai  Kii^iimann,  iii-iv  i<n1it>i>erle»i, 
(2.^  Hp<!eimunR,  lit)  to  181  mm.  Ions,  from  t'alaliaiuir. ) 

Thctv^  F>|)ei'imenH  romo  from  the  Alnicnilar(»>  Itiver, 
prol)ahlethattlietyi)eof  llrrm  Iftrnamthun  rameflom  thef 
I'oey's  ilrawin);,  on  whicli  their  trlmmnthwi  wbh  IibmhI,  rif 
cpots  ill  the  an|!le«  of  the  wslea.     This  very  well  diMcrilien 


ml  sw  thiw  flowR  near  to  Ilnlmna  it  iv  very 
meriv<'r.  (Cnvier  &  Valenrienmi-  nay  that 
ndiled  AmUtipllln  in  outline,  and  pi«t«»«(il 
lome  Miiecimena  I  have  (ftg^  12  and  13j. 


f^ESn-WATFR    FISHES    OF    WESTERN    CCBA.  231 

I».  (V,  II;  A.  H-,  '.':  -h-yrh  ■^n-M.r't  Ih-1.iw  lii>t  il-.n-al  ^'J.in.■,  i.'.  1..2.7;  .le|.tli  ..f  .-amlal  peilum-le 
:;..il..:.'.2.ii]j  li.'^i.l;  s.-ali^L'TluU'!);  i-.n-v  17  t..-.M  lU  t.i  l:'.;  In-h-  hcuvv  t..rwani.  la]*ri[iK  fnmi  Ihe 
.-h..Lil.UTy  tu  Ih.-  .■aii.ial  ]»-.liiii.a,.;  jaws  li,-iivv.  Ii|,^  (lii.'k;  ^'lUM    '.">  t"  2.:>  in  Ii«i.l;  .-yi- -t.r.  t.>5  in 

..m-Ln.liviilii:il.):  hidi.-j-t  .(..r-al  :in.l  iiual  rays  n«.l.iiJi:  l-as- of  .■ati.lal;  liiirh<'^l  il"r>iil  ray  4.-'.  I..  5-3  in 


tlie  lonefli;  Wt  <lrir>iiil  ray  :i  in  tln'  lonjic*'!;  Iiili'rai  iin<i  cflii.lal  yivitc  ivini'pioii'ni:'  in  yi.unp,  wliirli  liavc 
»  Hcrit-a  <il  \\jd\\  cnisfliar^:  tun  tii;lii  Imrs  ii^nully  c-<inllnpiit  rivtT  tlii'  lalfml  i^\t>\;  liriH  ilii^iky.  llie  verli- 
cat  iimv  litilitcr-CKltn-il  nnrl  uiili  Minn-  i'|>fiti'  on  tlu'ir  Ihimv ;  no  H|>iits  on  lii-a>l  <ir  iMHly  in  tlti'  yrHin>!e»>t: 
in  lar<!cr  ••ni>:'  i'|Hit!'  n|i|H-9r  nlHitit  tlio  (bim'  ■>[  llip  )M>ii<iral,  ■ijM-nlc,  ii[i-/k-  <if  ijnf'iH^n'k'  an<t  manilible- 
There  in  gniit  variation  in  lli«  ilit^inctni-wi  •>(  llic  Inlrrul  Iniiit)'. 
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ItHh.lWM 


i-H..fr..l..rati..n;  tyiK- A  hJlHlll<l^l■^)^^^■^wrlirtilll■t  vi-niial  Imni, 

I  c'uiuIhI  r']KiU  Rn>  <lL:'ttiirl.  tlif  ilark  i-niwliiirs  itn-  iliirkfttit  in 

trixls  frcim  tlii>  I'vc  lo  Mi'iiriil  <lark  liar,  iImh  with  tliu  durkt^r 

<>rrii]i|c<l  lutcnil  ImiiuI:  rlii-cks  iiiiN|iiitl<il,  njHTt-li'S  iiml  miimlililp 

;  :i  fi'H-  Miilli-n-il  hjkiIc  hIhtii;  llii-  Hiikt;;  viTlii'iil  l\i\i'  iiiiirn  iir  lesB 

iimMMlmntlH.  ciii'li  M-altMif  1li<- ^>ii1t' with  a  iliirk  .iimt  l'iiniiili^)i>ii);i- 

sly  f|Krt(iHl;  clii-ckM  i[i  tlu'  younu  "f  l"itli  ty|Kii  iincpDtti'ii ;  Hi'liy 
l«iti(il  liiiiii  ill  tli.Miciiilt,  Fip"  11  mi''  l-"'r''  -Inittn  (r..m  uml.T. 
VI'  orvari.i  in  llu-  «»iiif  ctiiin'  "f  ilcvi'lcj[iiiH'nl.  Fif;.  12,  lyjio  II, 
:i  hy  l*m>y.  ami  i.J  Ihi-.iriirinal  Mmmn(A«-.  Fij;.  11,  rcjiresi-iitiiiir 
w  l.irrolhiyi  F,ijj.'miiiinii.  \-.it.  iiiiv.  { No.  itilTl',  In.l.  ITi.iv.  Miii^.  I. 
(78  B|lwam.w,  44  to  IfK)  inin.  L.rij;.  fr.m,  Ssm  Cristoluii.  | 
M(«t of  tlieM'  wi>n-  taki-i>  i.iit  nf  »  iiiii<l<ly  l.i)r>H>ii  iu»ir  th<>  nvi-r,  nml  all  won'  vi^ry  t>al<'  in  n.lor,  tli>< 
croKtiliarx  Hlinwiii):  wiill.  In  (Ik-h-  jmliT  r>|Ht'imi'iihi  llicri'  an'  ii'i  itiilii-iitiniis  i>f  ii  liiii<;itiiiliniil  t<tri)M'. 
Tln-brKOHt,  wliirhnlHui-niiii-iiiitof  llio  1h;;<><>ii,  i»  iitilrly  miir<<riii  liifht  hhIiv.  tlicn'  lit'irie  Iml  fninl  in<li- 
catiim  "f  I'roHMlMrH  ami  .'iioti';  IIuti'  an'  faiiil  fi'iu  nii  lin^  ;tiiil  ii|«ti'Ii-.  OtluT  Miiialti'r  ti|>oi'iiiicn[<  are 
every whpn-  |>r()(ii!i(>ly  H|M>tl<-l.      In  tlu'  iLirki'i'  i'|in-i[iifiiH  fn.in  tlu'  rivcT  tlipir  i<  a  ilark  laloml  lianil. 


[ji  till'  larBprHiKi'iiiH'nr'  tliiTi-  an-  2  tj 
altcrnalin);  li)rlil  and  ilark;  tlic  latcrul  ii 
a  liiii-  iM'twivii  tlic  twill  n  lUrk  iiin'ak  c 

witli  ilark  i<|>i>tri;  vciilrnl  s 

H[HiIlnl  at  tlic  Ikiw'.     Tyi« 

tuilitial  wric!';  chii-kp  an  wt-U  a.-"  ii]kti' 

fltrpAki<:  wrtual  linn  imiro  ciiiwiiiniijn 

of  llid  yiiiinj:  nf  ty|n'  II  liitw  n-KiiIarly  h 

of  the  Niiiii'  wiitf  atiil  with  rcproilufti 

oviili-ntly  n'|>reM-iilH  thi'  vnrii'ty  lijiiirc 


(711  -[H^l 

iiru'iiH,  17  t'>  i: 

K)  nil 

n.  h.nii,  fr 

Th.«.«i«.-i,. 

"■'""'"■  ""yp 

.■=-  A 

anil  ltfn>i 

(of 

11)  iiliini.' thi- 

tow:' of  w-alcN 

iipi.. 

in>mni('..r 

OIK 

ll  Ihi-y  PI  iri'ail 

m;arlyov(TiTi 

lin'ti 

mn..inol« 

ull 

ihi^  larvi-ft  fjHS-inii'df"  ami  r 

ii>l  in 

olh<-rs.     ' 

-le* 

■i-loiMs!  a-  in 

wiim-  Man  An 

limi.1 

.  H|Hvini.'n 

(lark  HiMN-iincii  n 

>HCinlikw  in  ah 

LLI>Ml  i 

I.II  r,.-.p-<-li 

■in.iiuiliml-,  jicail 


(l~Rp(N:imens,  <12  to  I.MtLiin.  Icmv-.  from 

(4  BiHH^muiiH,  Ji-'i  ti>  240  mm.  Iimt;,  fniin  ^ 

All  tli(wc  RjNM^inciiN  an.- ilark,  llio  WMalliT  oi 

and  i-atiilnl  H|Hit!' diHtiiu't,     Tli<;  larjicst  mic  if  a  in 

witli  hlai'k  Hlri'ukH  and  HjHjtx  on  rlx^^ki',  'i|K-n'lfM, 

Tliewc  may  rt'ferTeil  Ui  liiriiciiulhui. 
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Aniiini: :V2 !i[«t'iiiifnf  fniiu  Siiu  Ant'idio  tlii'if  art-  '-i liiHtimi  ly]Kii. i.iu-  ni  uhicli  may  sitnply  U-  Hie 
wlull  'if  iiiit'  .if  ilu'  '•tlii'r:'.  Tlii'y  iiri'  ull  f  li)ni.iil*'.  Hit-  .li'|illi  lii-iiitc  2.;>  to  2.'>  in  Icntitli.  There  an-,  in 
theliryt  |iliui'.  4  iuliilt."  iii'a-'iirLnjr  1'>lll<illN>  tiiiti.  in  lin^h.cif  tygx- IMmiii  ('aliil«/^r.  Tlify  <liRer  fniiii 
the  CalalEizar  s|><i'iiiii'iif>  in  ImviiiL'  tln'  Htxtls  Hloni;  tlii'  naltt'  lar^n'r  ami  kiw  regukr.  In  twn  nf  the 
i'|HH;iiiU'iiM  Ihi'  I'hofkr'  ar<'  8]><ilU-<l.  In  Ihh  i.tlirry  the  s^kiIs  nn-  rnnMiii'iit  Into  vi'Hiiitl  i>r  loiitnliKlinal 
sticks.  Ill  Ihi-lnrwfitH.mriif  lli.M|..r«ilniysiirv|,n.i..iia.-l.  r.-.iiliiiij;1..  ntar  ini<l.lli'..(  mii.lal.  Tiiew 
an-  i.r..l«l.ly  ih.'  whilt  ..f  17  si^rini.-Lis  rr.iiu  !I2  tn  ir,7  luni.  l..,iir.  In  all  ..f  Unw.  .'Vf-n  in  th..  wuall<«l, 
Ihcrr  nrc  Njxiti'  nn  tho  rliivki'.  more  niiniiTons  in  lh<-  l:iri;i'r.  Hti'l  i-ontliinit  into  >>lniikri  in  Ilic  tnrtnvt. 
Siili-s  irninilarly  s-i-.lt.il;  lal.-nil  Umrl  in..ri-  .ir  l.-ss  .■..n^iiiriiniis  ii."  111.-  Ii.-<li  is  litlil.T  r.r.lnrkiT^  there 
nn-  tnn'i-^  'if  tlu'  ii-nul  lit-hl  an>l  <brk  IkitkU  in  s<>ni>'  i[i<livi.l>uil^^.  All  of  lh<-»<-  an'  I'videnlly  tvi.i<at 
//.  /,/r.i.Y,„M.<-. 

Tli>Ti'  an-  II  ;.(H-<-inii-ns,  '.»\  U,  IL':!  iniii.  I.mu.  .-vi<l.-nlly  ni.Kiili.-ali.ins  of  //.  I.tm.'.inth'i' l»rr.illmM 
(n>iii<'alalHizur,  In  whirli,  ex.fpt  on.'  vitv  liiirk  ^|>i^'ini<-ii.  tl.f  lal.-ra)  kinii  is  vtry  .-.inHpiciunis.  Vcr- 
tii'al  luinilM  i|iiit('  wll  nmrkul  csivjit  in  ilarkpft  s|>i'iiini'iis.  Clui-ks  ar.'  nnsin.ttt-*!  cxcei'l  in  .me 
inaivi.liial  M-hi,'),  has  lainl  ~|..I.s  .-i.U-s  »ith(>nt  small  <lark  *>{K.ts. 


Heros  tetrncautbus  griseue  Kiiicnnjann.  iii-w  snlis|>ii'iii:.   ' 

Tv]..':  No.  INiTil.  In.l.  ri.iv.  Mns. ;  a -'ix't'inii-n  117  mm.  l..nL-.  fr Sun  Am«ni<>. 

I»-  irv.  II:  A,  tv.  >i;  «:il,T=  L'T;  |>..n-«  IT  -  10-  -li'i-lli  ii  lilll.-  m.jn-  lh:iii  L'.5;  .l.',.ll,  .,f  .■aiulal 
|><-<liinc'k'  ->..'>  in  hcail;  lit-a<l  '.'.7  in  Ilie  k>n|:lh.  Sha)K'  aii'l  p'iK'ntI  .-liar.u'U-rs  <>f  y/,r'»  h-lm'-'inlhw, 
from  till'  sum.-  |ilai-.-.  iliff.TJn^'  in  tin-  cnl'iran-l  the  nntahly  \:\tvkt  i-y.  ;tv  <'nni]>nn'<l  uitti  >^)H.>.'imftu'  of 

//.  t.lr.u-..:lh:>  ni  Thi'  sain.-  si/<-.      Ky<-  :<.7  ill  Ik'^.I  ,4.'i  in  //.  I.lr.u;„lh 1'  thi-  sanit-  si»-i ;  1  in  ililer- 

■irliilal  |l..i);  l.i".  in  sn.ait  I  1.7  k  l.r,-..rliital  lin-si-Vfnlhs  i.f  i-yc:  ^noiil  ;l  in  iuii.h  hiuln-sl  .kirxal 
aii'l  anal  n-achin);  lia-'i-  nf  I'anilal:  liiiihiT't  ilun^l  4.7  in  ihi-  It-nctli;  hi|;hol  anal  5;  vi-lilrals  n-a(-hin(> 
to  vt-nl.  No  lateral  ^i»t;  a  faini  i':iuilal  s|>ot;  siilis  ^L-hy  villi  irn-L'nlar  >iark  i<ii>il;  a  few  uhltlxh 
stn-aki-  [lir<in);h  some  of  the  smlii'  alHivi-  laleml  line;  i-h<-<-ks  [ilain.  a  fuw  8\iota  on  ojierclefl;  soft 
portions  of  vertical  tins  spotte"!  nl  !ia»-;  no  Irwer'  of  ilark  er-iK-'ltiirv, 
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Heroa  tetracantbus  latua  Kie<.'niiii 
TyjK-:  S.».  iXKKI,  rncl.  Univ.  Mu-' 
Thir'  ix  11  narrow,  <k-v]>  llsh  witli 

Itrolilc  DvtT  i^yt-".     I),  xv,  U;  A.  iv,  "I; 

porea,   18  i- 12;   unont  |n)iiile<l  2.7-"i   i 


,n.  n<.w  ,„l»i,,.OT.  • 

a  Hini-iiiicii  I'U)  rrim.  lonfc,  from  Shii  Jiihii. 
nijci'litiK  loH-iT  juw,  El  {Miiiitol  HiKiiit,  anil  a  <lt'|>if>flHiciti  in  tlie 
l<-l>lli  1>;  hi«<l  2.T;  ileptli  «f  iwkUI  i>o<liind(>  t  in  iua<l;  mhIuh  L>!4; 
hiail;  eye  4.fi  in  hiMii,  I.-")  in  iiitpn)rliitiil ;  n<>  diminen  In 
np|>i.-r  unifle  iif  fnll-i'pt'liinB;  maxlliary  n-ui'liinjf  vdrtiral  from  front  of  orbit;  hifihwit  ilonwl  and  anal 
RiyH  ntai^hint!  to  i-ml  of  liuRal  lwo-liflliF>  of  ntnilal;  hit;licHt  clomal  raj  twin'aii  \af)\  ns  liu>t  ray,  (■qiialinK 
IrinKoft  (niiilii)  my,  njnutinic  K'nt^li  of  liiwl  wilhoiil  ci|H'n'li>;  hi^ihu't  anal  my  NliRlitlyHliortcr;  vcntralti 


Asliy  eray,  ilarkcr  nbovi'  to  liithl  lii'low;  tnii'Ii  w^ali 
pxlj'nrlinft  oviT  In  ncxl  Brali'  anil  fiiriuiii);  iliHiinct  wrii* 
iif  dioi-lt,  anil  lower  jitw  willi  ilark  fiimtc;  vfrtiral  linw 
ilrttk,  iniiur  my  li>;lit;  |iwtciralH  lali-. 


Heros  tetracanthus  cinctus  Ki|^■nnlann,  new  milwi^i^icH.  ' 

Type:  .No.  m71,  Ind.  I'niv.  MnP.,  ii  s|>i»'inii-n  12<)  nun.  lone,  fmin  Thj 
Fonr  Rp^n'inK'iiN  w<'n'  tak«n  ill  Vvsti  Kcal  iiiefliinriii):  ii  (>S,  h  72,  <■  I'J), 

lively,  anil  ■llftt^rinti  in  ruloration  [rum  IhiiM.'  taken  nt  ;iiiy  other  point.     '1 

one  fiavint;  very  liislinct  niarhiii^-s. 


'  iif  Iciwer  [lartM  of  Hile  with  liliu'k  Piiot  on  tip, 
;  lower  [wrt  of  ojH'ri'le,  prifliK'n-le,  luwer  |iart 
ilnxky;  rtift  clorial  anii  aiinl  n|iolteil;  vuntralH 


ileal. 

1(1  if  l:)li  nun. 

long,  ni>|iei-- 

ctwolaiwra 

n-  very  .lark, 

Thi' sipociuienc  appmacli  //.  ui^iiiitm  lint  have  a  normal  latenil  line;  ('(tlietyin-)  Ih  mmt  al>ernuit 
ill  ilii  (■iiloratioii,  li  ajiproarlKW  the  roloratlon  i>f  IflTtuniMiu  liirr-illniM  from  the  Almi>nilurei<,  x  niiil  li  an- 
iniliKtinfniiijhalile  from  'itlmr  yniinj;  cxi-0]>t  in  thi'  Itanil  throiitih  the  liilerni  it|i>it. 

]).  XV,  II  {r);  xvi,  10  ('/);  xv,  10  |/,);  xvi,  II;  A.  iv,  H;  n-aX>y*  US,  jHire..  1.)  +  H  {");  lll  +  S{/,); 
15-11*  ('■);  !*>-(  1'  ('');  li'«''  ^'i  '"  -■";  'l''l>"'i  -'-i'>  t"  2.2;  .leiilhiiteml  of  iiiHTi'le  2.J  t..  2.4H;  i-ncmt 
liointiil,  2,75  to  ;i  in  lieiul;  month  h'irizoiltal,  niiixillary  iieitrly  eoneiitUil  when  the  niiiiitli  if  eliineil; 
maxillary  nlmnl  n-ui'hini;  vertical  fniin  fMnt  of  'irhit-;  hlnhitit  ilursiLl  nml  anal  rayii  rejiehin^  little 
lieyomllw.ieofcmiilal.'iinlenKtli,  ia.stiliir»al  rayi:liii  thelonKei'l;  ventral;- muhint'vciil;  ;iill^)|n-nintr 
witli  a  BUppienientiiry  iBHicli  alxivr,  reneheil  liy  a  larjn-r  or  smaller  foramen. 


FRESH-WATER    FISHES    (IF    WESTERN    CUBA. 
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Ditrk;  ii  i.Urk  liitiTuI  :>ri<l  a  KUirk  •■.iw\a\  sj.il;  yi.l.-  uitli  7  liiflil  .'ro^lnirs;  a  lielH  Hinnk  a.'r.iffi 

linlit;  Hitic-i-U-twiTd  liu;lil  Ittrs  ti.nii  <l:irk  Uirs  ..f  al-.iil  cnuil  w  i.llli  ,-\.t,>1  lin<l  l»<>..ii  U-iy,  wliid. 
are  jiuk-Ii  »i.l<-r  »l  lli.-  t.>,.:  a  l.ki.k  stn-nk  from  fyi-aiTiw  iipi^-r  aiit:!.- i.r  j.-il)-i>|H'i>int.' lo  |U.>  H-.-<>n<l 
ilnrk  liar:  i-ljc<-kH  ami  •>J>l■^l'll'^^  with  liku'k  sjhiI.''  ami  sireiiks,  ventral  Hiirface  sixilUil;  viTlicat  lilH  Hiiil 
v<-tilratH'lark:  soft  tli>r^l  ati>l  aii.il  vvtili  olcx-nn'  x|>ob>;  iHit'inil  yaic.  \m^\Mitw<i.  Tlii.-  dark  lian<l  in 
wliii-li  til.'  latiral  s[<,l  in  l«f»t<-<l  .'niniiim-l  l<>  tli>-  Uuk- 

YouiiK  niilc-li  liu'hl.T  c'i,lnn-<l,  ji  few  .lark  »]«it.-  iil.-iii;  ..|nti1..  am!  U'low  cli.-.'k:  v<-iitral  i-iirfa.-.^ 
liri:'|K.1t>-'l.  lalcnii  ami  rainlill  si-it."  •'i,ii:<|.i(-iiuiis. 

A  Hftli  .-]N-.-i.ii.>n,  ir.:!  mni.  1..J.-.  fn,ii,  Vx-^.  l^.al.  is  a  lypi.^al  f./r...-.,.,//,».. 
HeroB  ni^icsna  Kim>ii[iiunii,  m-u  >:]Hi'if!i. 

T\t><     No   •H><<.^    lixl    \i\\\    Mii^     I    i-'iiiiMi  I'l-'tiiiii    ]<>ii|.   from  liTiar. Ill  Ri» 

Oi,.  xiiiiiii.ii  ttn-'iTiin'-t  III  lli<  im.vl  prriMiiiKnl  >f  th>  iliprniil  fonnr  (mil  -Ik.iiI'I  iitiii.-i 
talln,.l^  .1.-^  nU   il  u-  i  .ll-lilir  1  "jk-.  i.~  il  1  I>  <  I     I>1  >irii-l  iiii>r>  tli  <■>   [■.-.  line  ri 

1)  \n  11  \  i\  10  -i-ii.".  .'s  |-,r.-  il-iil  1>  (I  li«i.|-'(.  I([.tli  I  infl.  I.-*.  lliiiN  -'  111  tlif 
loiiklli  I'l'tli  It  Mil)  of  ,.].ryU  2iiilint.t]]  I  liiiiKt.r  .l<\,  .\,^.^h  \.  r  iiml.ll.  of  i  tc  iviimN 
IciikUi  f  li.'i<1  1.—  om  ..ni.r  aiiiii(I<r  -iioiit  |..iiite'l  iiftxr  iii.l  Inu,  r  |  r..lil,-^  ■>.  irk  .-.iiiall^ 
imlimvl  1    IhIihiIim     hi  ]«  r  ].ro]il.  ti>>>"»i     U  Inn  1  <  i>  ,  inixiM  ir\  \>r\  Iil1l<  <  tiivxhI  ulxn  ith 
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GOBIID^.. 
PhilypnuB  dormitator  ( I  aiv pCnle ) .     T. 

Rio  San  Jnan»  im<l  »een  in  Vonto  nprinp*  near  Havana;  v<»r>'  abundant  in  thi»  San  Juan,  where 
8I)e<!iinenH  4<)t<>  2rA\  nun.  lonjr  wert^  obtaintNl;  younjr  with  l)lack  strijn*  from  tip  of  lowor  jaw  to  candaL 

Dormitator  maculatus  ( lUcxh ) .     T. 

Rio  San  Juan,  at  it?  nioutli  and  at  tlie  first  ford;  very  <lark;  lair<M)nat  San  Cristolial.  v«»ry  li^rlit. 

Eleotris  pisonis  ((rniHin).     T.     Rio  San  Juan,  at  its  numth  and  at  \hv  iirst  fonl. 

Lophogrobius  cyprinoides  (Palliis).     M.     Rio  San  Juan. 

Oobius  soporator  ('uv.  Jk.  Val.     M.     Mouth  of  Ric»  San  Juan  at  Matanzxi.^  and  at  its  first  fonl. 

GobiuB  boleoBoma  Jordan  <V  <Til))ort.     M.     Moutli  of  Ri(»  San  Juan  and  at  it.^  first  fonl. 

Awaous  taiasica  (Lichten.'^tcin).     T.     Suniiden). 

• 

BKOTULin.4:. 

Stygricola  dentatus  (rcH>y).     t* 

ThiH  hlinil  fish  waH  taken  in  the  M  rave  noar  AlacraiU's,  20  s|M'<"i!iu'ns;  Jai«>ruan.  T)  siK^'inuMis; 
FriaH,  2  «|x*<*iniens;  MinlcHta,  4  .-^ptH'i mens;  and  TnuKpiilidad,  7  s|H'rinu'ns;  cavrs  nrarCanas  without 
HIKM'ific.  hn'ality,  5  Hj^otrinienp.  In  all,  43  spocinirns  were  stM'unMl,  ranjrinjr  fn>ni  <U)  to  1.'>*J  nun.  lonjr. 
I'<Kiy  n^'onls  this  HptHM(*8  fnun  Cajio  and  Ashton,  in  whi<'h  it  was  n<»t  found  hy  us.  Ih*  al.«-o  nn'ords  it 
from  I^  InduHtria,  which  is  8ai<l  to  \h}.  l)etw<»en  ( -ajio  an«l  th<'  ('anas  caves. 

The  niak»8  of  Stiftjirola  dniOituA  are  distinctly  larj^er  than  the  feniaU»s.  Avera^i*  length  <»f  tin- 20 
females  cjiu^ht  is  97  j-  nun.,  the  larj^estone  120  nun.  Theavenijresizeof  the  21^  mail's  is  11:5  inm.,  \\\v 
largest  one  l)ein>?  152  mm.  lonjj.  The  males  wen*  in  excess  of  the  females  in  the  nitio  of  KM)  feinalrs 
to  115  males.  There  is  })ut  an  appnn'iahle  difference*  in  the  averajjt^  of  the  fins,  as  far  mi  these  <Nuild 
Ihj  countinl,  the  averajjje  formula  for  the  femah«  Ikmuj;  I).  01.4,  A.  74;  and  for  the  males  I).  01.1,  A.  7.1.0; 
or  the  avcra^  for  the  two  are  D.  91.2,  A.  73.6. 

Lucifuga  BubterraneuB  Poey.  t  * 

This  8pecic8  was  taken  in  all  but  one  of  the  cavw  in  which  Sty^irola  (hnUihm  waA  taken,  and  in 
fleveral  others  Ixiflides.  The  localitiofl  are  Ashton,  13  specnmens;  Los  Baflos,  5  specimens;  Cajio,  3  sin^ci- 
mens;  Hawey,  16  sjiecimens;  San  Isidro,  2  spcn-imens;  Jai^an,  18  spcH'imens;  I.as  Frias,  5  siKHMuiens; 
Modcsta,  2  specimens;  Tranquilida<l,  3  specimens;  Caflas,  without  sp4»cilic  lcK»lity,  9  s|HH'imens;  toUil, 
76  spt^cimens,  ran^U);  from  24  to  94  mm.  long.  The  femali's  of  Lucifugn  ttuNnranntH  an*  distinctly 
larj^T  than  the  males.  In  making  the  average  for  the  size  of  the  sexes  individuals  less  than  a  year  old 
were  not  considennl,  lKH*ause  the  differences  in  the  sexi^s  wouhl,  if  present,  Ik*  hut  very  slight,  and 
bcH-aiise  in  such  young  the  sex  could  not  always  Ik»  determine*!  with  a»rtainty.  An  exannnation  of  all 
si>ec*imens  makes  it  prolwhle  that  at  the  end  of  a  y<«r  aftt*r  birth  the  young  an;  alxmt  50  mm.  long. 
In  obtaining  the  average  size  of  thc^  st»xes  only  s[)ecimens  over  50  mm.  wen*  considenMl.  The  maU*s 
al>ove  this  size  measun*  59.7  mm.  on  an  av(*rag(*,  with  a  maximimi  of  94  mm.  The  femaU*s  mt^asiinMl 
71.1  nnn.  on  an  average*,  with  a  maximum  of  93  mm.  Of  the  sptH*imens  over  50  mm.  long  2:i  wen*  mah*s 
and  22  femah»s,  or  100  females  for  everv  104.5  maU^.  The  fin  formula  to  the  mnirest  decimal  for  those* 
of  the  individuals  over  50  mm.  which  wouM  Ik*  counti*<l  is,  males,  1).  82.1,  A.  67.4;  femaU^,  I).  81.9, 
A.  ()8.  Theaverag**  fonnula  for  those  l(*ss  than  50  nun.  l«mg  is  1).  83,  A.  67.2,  or  for  all  together,  I>. 
82.6  f,  A.  67.5. 

While  the?  average  nundKTof  rays  differs  considerably  in  the  two  8iK*<*ies,  thenumlK*r  in  eae*h  varies 
so  much  that  the  numlK*rs  in  individual  cases  overlap,  individuals  of  Lucifutja  n*a(*hing  as  high  as  KS 
dorsal  rays  and  imlividuals  of  Stfftjirtfln  as  low  as  87.     The  same  is  true  n»ganling  the  anal. 

A  female  of  this  8pe*cies  (fig.  3,  pi.  21),  65  nnn.  long,  containi*<l  four  young  alnnit  20  mm.  long. 
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TIIK  ORGAN  AM)  SENSE  OF  TASTE  IN  FISHES. 


liy  C.  jrnSON  IIERRICK. 
Pnt/tssitr  of  Zoology  in  Drrtisofi  University 


INTRODUCTION. 

The  pnu'tical  problems  t-oiinected  with  the  tisheries  have  been  atta<*ked  (and  in 
lar^e  iiiejisure  siu'ces.sfully  solved)  hv  a  roiij^h -and -ready  application  of  the  method 
of  trial  and  (»rror,  and  th(»  >eientitie  investigator  has  merely  to  follow  after  and 
exphiin  why  a  given  form  of  tnip  or  method  of  lure  is  successful  with  one  species  of 
tish  and  not  with  another.  But  there  remain  many  unsolved  problems  of  great 
economic  imjx>rtance,  and  it  is  the  function  of  scientific  research  to  contribute  to  the 
solution  of  these  problems  in  a  more  orderly  and  economical  manner,  even  though  it 
often  happens  that  the  investigjitor  l>est  (jualitied  to  solve  the  scientific  problem  has 
not  tlie  practical  knowledge  of  fishery  matters  necessary  to  apply  his  own  results  to 
economic  problems,  and  so  his  facts  have  to  be  worked  over  from  the  other  iK)int  of 
view  before  they  become  practically  useful. 

We  are,  in  fact,  profoundly  ignonmt  of  the  senses  and  instincts  of  the  fishes, 
even  those  connected  with  their  feeding  habits,  which  are  of  so  direct  imjKjrtance  to 
all  commercial  fisheries.  Nearlv  all  which  one  finds  in  the  scientific  literature  Ix^ar- 
ing  on  the  senses  of  fishes  is  merely  inference  of  function  based  on  a  study  of  the 
structure  of  the  organs — a  most  precarious  pathway  for  scientific  research.  My 
own  studies  on  the  nerve  components  of  fishes  have  led  me  to  certain  inferences 
regarding  the  functions  and  the  distribution  of  the  orgjius  of  tiiste  in  fishes,  and-  the 
present  study  is  an  attempt  to  follow  out  these  inferences  by  the  determination  of 
more  exact  facts  regarding  the  pathways  of  gustatory  stinmli  a.s  anatomically  demon- 
strable, together  with  sufficient  direct  physiological  exj)eriment  to  furnish  definite 
information  of  the  function  served  by  this  system  of  sense  organs  and  of  their 
nervous  paths  in  the  fishes. 

Neur(»logists  have  always  jiaid  a  gieat  deal  of  attention  to  the  conduction  paths 
within  the  central  nervous  system,  and  in  recent  yeiirs  sj)ecial  efiorts  have  U'en  made 
to  isolate  the  various  functional  systems  of  neurones,  tracing  the  exact  path  of  the 
sensory  impulses  from  the  peripheral  organ  to  the  primary  sensor}'  center,  thence  to 
the  various  secondary  centers  and  return  reflex  ])aths.  This  motive  underlies  tlie 
recent  studies  on  the  nerve  comjKUients  and,  indeed,  much  of  the  l>cst  morphological 
work  on  the  nervous  system  in  all  times. 
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Some  years  a<^o  I  f(»rinuhite(l  tlie  followinj^  definition  of  sucli  a  funetional  system 
of  neurones,  with  sp(»cial  reference  to  tlie  iwriplieral  members  of  tin*,  sN'stem: 

Tlie  Hum  of  all  tlie  iu*rw  liln'rs  in  the  IkmIv  which  imm^hosh  certain  physi(»l<»j;iwil  ami  iiHirphol<>)i;ical 
characrterH  in  common  ho  tliat  they  mjjy  react  in  a  common  m»)<ie.  Morj)holoj;ically  eu<'h  Hvy^tem  is 
defineil  by  the  terminal  relations  of  \tn  lilHjrs,  l)y  tlie  orjijanH  to  wliich  they  an*  n*late<l  iieripheraliy, 
aii<l  by  the  centers  in  wliich  the  liln'rs  ariw  or  terminate.  The  fillers  of  a  hin^le  nyntem  may  apj)ear 
in  a  larjre  mmil)er  of  nerven  rei>eate<l  more  or  lens  uniformly  in  a  metameric  way  (as  in  the  j^Mieral 
C'utaneouH  wystem  of  the  spinal  nerviv),  or  they  may  all  )>e  conctintrate<l  into  a  sinj^le  nerve  (a.^  in  the 
optic  nerve)- 

Now,  if  we  add  to  tliis  the  secondary  paths  relat(»d  to  the*  i)rimarv  centnU  (»nd 
stations  referred  to  abov<%  and  the  chief  reflex  arcs  din^ctly  associat(»d  ther(?with,  we 
shall  have  a  pictim*  of  the  system  in  its  entirety. 

Tlie  functional  system  with  which  we  are  esj>ecially  concerm»d  in  the  i)resent 
research  is  that  known  to  comj>arative  anatomy  as  the  communis  system,  including 
(1)  unspecialized  visceral  sensory  filwrs  ending  free  in  the  imu'ous  surfaces  of  various 
visceni  without  special  sense  organs  probably  phylogenetically  the  more  i)rimitive 
elements — and  (2)  specialized  sensory  libers  always  ending  in  conn(H*tion  with  highly 
dilTerentiated  sense  organs  in  the  mouth,  pharynx,  lips,  or  outt^r  skin,  known  as  taste 
buds,  termiiml  buds,  or  end  buds,  and  in  geneml  serving  the  function  of  taste.  These 
specialized  elements  are  probabh'  of  more  recent  phylogent^tic  origin  than  the  lii*st 
group,  and  the  term  ** gustatory  system"  will  be  used  to  designate  these  organs,  wher- 
ev(»r  plm-ed  on  th(»  body  surface,  togeth(»r  with  their  nervous  pathwa3's  toward  and 
within  the  brain.  In  other  words,  the  gustatory  system  is  that  portion  of  the  com- 
munis system  of  neuronics  which  serves  the  s(?nse  of  tjiste,  as  distinguished  from 
those  communis  muirones  which  serve  less  highly  specialized  visceaiil  sensations. 

These  two  grouj)s  of  fi!)ers  can  easily  l)e  distinguishe<l  peripheniUy  of  the  bi-ain, 
but  centrally  they  have  not  as  yet  been  suc<'essfully  analyzed.  Hence  in  treating  of 
the  centnil  gustatory  ])ath  we  can  not  be  sure  that  we  do  not  include  the  unspecialized 
visceral  system  also.  But  since  in  some  lishes  the  gustatory  fibers  i>re[)ondenite 
many  fold  over  the  unsjH^cialized  libers  of  the  comnnniis  system,  there  is  no 
ambiguity  arising  from  this  central  confusion  of  the  two  elements  so  far  as  the 
gustatory  system  is  concerned,  since  the  secondarv  |Miths  as  clenrly  tnu^eable  in  these 
fishes  must  be  made  up  chiefly  of  gustjitorv  libers. 

The  central  gusbitorv  path  is  not  definitely  known  either  in  man  or  in  any  other 
vertebrate,  so  far  as  shown  by  the  available  litemture.  I  Imve  tlu'refore  studied  with 
some  care  the  brains  of  some  lishes  in  which  this  syst*'m  is  enormously  developed,  in 
the  hope  that  they  would  throw  light  on  this  unsolved  problem  of  vertebrate  anatomy. 
And  in  this  I  have  not  been  disappointed,  though  my  study  of  the  central  jniths  is  not 
yet  sutliciently  advanced  for  i)ublication. 

As  intimated  alK)ve,  sense  organs  Indonging  to  the  communis  system  and  pre- 
sumably serving  the  function  of  tiiste  are  found  in  the  mouths  of  all  lishes  (''  taste 
buds").  They  are  frequently  found  uiK>n  the  lips,  and  ii.  some  csises  they  are  found 
likewise  plentifully  distributed  over  extensive  areas  of  tlu^  outer  skin  of  the  head 
and  trunk.  In  this  latter  c4i.se  they  are  commonly  termed  terminal  buds  or  end  buds 
{/UiMfifKsptfi^  Ii(vhrronjant\  of  the  (iermans).  They  must  in  all  cases  be  shari)ly 
distinguished  from  the  neuromasts,  or  organs  of  the  latend-line  system  ((lerman, 
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Xt'rr*nhi}ff»f)^  tbouj^li  tlii»se  liittor  occur  in  tho  skin  of  tishes  in  a  ^reat  variety  of 
forms,  often  rcscnihlinjr  the  terminal  buds  verv  rloselv.  The  innervation  and 
fuiu-tions  of  tlie  two  svstems  of  or<ran>  are,  however,  whollv  different,  and  tliev  reallv 
have  iiothiiiiT  to  do  with  each  other.  1  shall  illustrate  more  fullv  in  a  later  siM-tion 
of  this  jKi|H'r  the  structure  of  the  terminal  huds  and  the  details  of  their  innervation. 
I  here  call  attention  merely  to  the  im|M)rtant  fa«t  that  lH)th  in  structure  and  in  nerve 
supply  they  resemble  most  closely  the  taste  l»ud^  of  the  mouth.  From  thi^  one 
naturallv  infers  for  them  a  jrustatorv  function.  Since,  however,  inferences  are  not 
in  order  when  facts  are  available.  1  have  undertaken  to  determine  ex|H'rimentally 
the  function  of  these  cutaneou-;  sense  oiirans  of  the  communis  .^vstem. 

The  exjH*rimeiit>  which  1  have  made  are  of  an  cxceedin;^ly  simple  nature,  the 
attempt  beinj^  to  put  the  tish  while  under  ob>crvation  in  as  nearly  normal  conditions 
jts  j)ossible  and  to  utilize  the  ordinary  feedinjr  and  other  instinctive  reactions  so  far 
as  jMissible  in  the  accuundation  of  the  data.  These  are  the  methods  of  the  old-time 
observational  natural  history,  it  i>  true,  as  contrasted  with  the  methods  of  pn»cision 
of  the  modi»rn  physioIo<^ical  IalK)nitory.  They  have,  however,  proved  sufficient  for 
their  purjKjse,  which  wits  merely  to  determine  the  class  of  stinndi  to  which  the 
terminal  buds  are  s(Misitive,  or  the  sensjitional  ino<lalitv  which  thev  sen'e,  nither 
than  t<»  contribute*  to  the  chemical  physiology  of  tasto  in  crenenil. 

The  chief  obstacle  to  exjx»riments  of  this  sort,  and  one  which  many  observers 
seem  to  have  made  no  serious  efforts  to  overcome,  is  the  natural  timiditv  or  shvness 
of  wild  creatures  when  kept  in  the  confined  and  unnatural  (piarters  necessary  for 
clo.se  observation.  The  role  nlaved  bv  fear  in  animal  behavior  has  l>een  vividlv 
brou^^'lit  to  our  notice  by  Whitman  ('1M>),  and.  like  this  observer.  1  tind  that  youn^ 
animals  which  have  been  reared  in  captivity  are  much  more  approachable  and 
tractable  under  ex|>erimental  condition.^  than  adults  which  have  lK*en  reared  in  their 
natural  freed<Mn.  In  fact,  with  s«'veral  species  1  quit(*  failed  to  <^et  the  adults  to 
take  fo(Ki  at  all  in  captivity,  thouji^h  they  were  under  obM*rvation  for  lon«^  |)eriods. 

REVIEW  OF  LITERATURE. 

Surprisinjrly  little  attention  has  iK'cn  paid  to  the  physiol<»t^y  of  tjistc  in  fishes, 
and  this  literature  i>  v«'rv  s<antv.  On  the  other  hand,  the  anatomical  i n vest i<rat ion 
of  the^^e  sense  or<rans  has  ln'cn  ext<'n>ivelv  followed  for  iiearlv  a  centurv,  thiiuirh 
often  in  a  blind  and  profitless  way.  The  history  of  opinion  \\\nn\  the  sij'-nificance  of 
thes4'  sense  orjoin>  ha^  U'en  ipiite  fully  iriven  by  Merkel  C>>n)  in  his  ^reat  mono- 
jfrapli  published  in  Isso,  and  the  earlier  plia>e>  of  thi>  history  need  not  be  ajj^tin 
reviewed  further  than  to  mention  a  few  salii'iit  feature^. 

In  X^'ll  \Vel>i'r  observed  the  ttiste  buds  on  the  |MMuliar  palatal  orj^an  of  the  carp 
and  correctly  interpreted  their  functi(»n.  He  also  fi*rured  the  brain  of  the  carp, 
illustratin<4'  the  enormous  vajral  lol>es  from  which  these  ta^te*  buds  receive  their  inner- 
vation. I^'vdii^  discovered  in  ls"»l  the  terminal  buds  of  the  outer  skin  of  fishes  and 
j^ave  a  <U'tailed  ac<'ount  of  their  structure,  which  subscMpient  research  has  shown  to 
Ik»  in  some  res|M'cts  inaccunit*'.  In  \Sku\  V.  E.  Sihulze  j^ave  a  more  accurate  descrip- 
tion of  the  *"^nrhtrfnrmi4jt  n  Onjiin*  "  of  fishes,  in  which  he  distinj^uished  the  s|>ecitic 
sensory  cells  from  the  supiKji'tin*,*^  cells.     He  also  correctly  inferred  their  function  to 

F.  c.  B.  lyu^-l6 


242 


BULLETIN    OF   THE    UNFfED   STATES    FISH   GOBISCISSIOPf. 


Tubercnium  acusticum^' 


>.  Facial  lobe 
f^^lobus  vagi 


be  sitiiilar  to  that  of  taste  buds  within  the  mouth,  viz,  the  iK»iveptioii  of  eheiiiical 
stimuli. 

In  1H70  the  same  author  (F.  E.  Schulze,  7n)  made  a  further  im|x>rtaiit  rontri- 
bution  to  the  problem  of  the  terminal  buds  by  the  demonstration  that  thc\'  differ 
structumlly  from  all  neuromasts,  or  or^ns  of  the  lat(»ral-liiie  system.  The  neuro- 
masts  are  commonly  sunken  below  the  skin  in  eanals  tulws,  or  pits,  but  in  some 
eases  thej'  are  strictly  superficial  and  res(»mT)le  in  external  form  tlie  t<'rminal  buds 
very  closely-  a  feature  which  led  Leydi*(  fol,  7t»,  'JH)  and  otliers  to  assume  that  the 
two  classes  of  organs  are  mere  varieties  of  a  common  tyiM».  Schuize  showed  that 
the  neuromasts  can  in  all  castas  1h^  differentiat^'d  from  the  terminal  !)uds  l)v  th<»  fact 
that  their  s|HH'irtc  sensory  cells  (|H»ar  cells)  exti^nd  only  ]wirt  way  throujrh  the 
sensory  epithelium  and  fail  to  reach  the  internal  limitin<r  memlirane,  while  in  the 

t<^rminal  buds  ImHIi  s|MH'itic  sensory 
cells  and  sup|M>rtin(>f  cells  |miss  through 
from  external  to  internal  limitintf  mem- 
bnme. 

This  distinctii»n  was  ccmtirmed  by 
Merkel  Cs<>),  who,  with  curious  incon- 
sisten<*v,  wliile  recoj(nizin<j^  th(»  struc- 
(uml  dissimilarity  of  the  twi»  classes  of 
orj^ns,  nevertheless,  as  we  shall  see 
Udow,  ascrilx^s  to  lK)th  essentially  the 
siune  function,  tom'h.  This  matter 
was  put  to  the  decisive  test  in  my 
contribution  on  Aiin'!urui<  ('<>!),  a  ty|H» 
which  iK>ssess<\s  ]H>th  terminal  buds 
and  neuromiists  in  j^reat  abundance 
and  diversity  of  forms.  Schulze's 
contention  is  supiK)rted  lM)th  by  the 
structure  of  the  or«;ans  and  by  their 
iiuiervation,  f(»r  1  have  shown  that 
all  neuronntsts  i»f  whatever  form  are 
innervated  ))v  acustico-lateralis  nerves  from  the  tulN*rculum  acusti<'um  of  the  !)niiii, 
while  all  terminal  l»uds,  whether  within  the  mouth  or  in  tln»  out4»r  skin,  are  imier- 
vated  by  comnmnis  nerves  related  centnilly  to  a  sinjifle  center  within  the  hniin. 
This  centi^r  is  biloljed,  the  hdms  vagi  receivin<f  most  of  the  comnmnis  tibers  froui 
the  mouth  cavity  by  way  of  the  vagus  and  glossopharyngeus  and  the  lobjis  faciali> 
the  communis  tibers  from  the  terminal  buds  of  the  outer  skin  l»y  way  of  the  facial 
nerve  (cf.  fig.  1). 

Similar  terminal  buds  have  lieen  found  in  the  outer  skin  of  many  spi'cies  <d' 
Telcostomes  and  in  Cyclostom(\s,  but,  so  far  as  certainly  known,  nowhere  else  among 
vert<>bnitcs  (save  on  the  lips  of  some  other  classes).  Th(»ir  distribution  among  the 
fishes  is  very  irregular,  l)eing  most  abundant  among  the  siluroids,  cyi)rinoids, 
ganoids,  and  cyclastomes,  in  genend  liottom  fishes  of  sluggish  habit,  often  living 
in  nmd  and  rarely  l>elonging  to  the  predaceous  types  which  find  their  food  chiefly 
by  the  sense  of  sight.     The  following  list  of  fishes  which  have  been  shown  to  iK>ssess 


Fio.  L— Dfirnal  view  of  i\\v  bmiu  of  ilic  yell<»\v  cul-lisli  (hi^- 
tnim  tflivurin  Rnf.).  Tbc  olfm-tory  Imlbfj  witli  most  i>f  tlirir 
enini  hav*?  In*i-ii  n'luovwl,  hIso  tlio  iiu'inbniiMMiM  nH>f  of  tin* 
fourth  ventricle.  exiMwiiif;  the  fai'hil  un<l  vhkiiI  h)tM>>.  Thi.>< 
vciitrU'le  is  IxMiiKlod  behind  by  a  tninsviTxe  tU\kv  contain- 
ing the  eomniiNtnra  iiilimu  Ualleri  and  the  e(»nnnissural 
niirleiut  uf  Cajal.,'.'J. 
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tonninal  buds  on  the  outer  skin  is  hy  uo  means  eoniplete,  hut  will  serve  to  illustrate 
the  wide  i*aii<^e  of  species  whieli  have  ac<juired  this  j)eculiarity: 


Arrriua.     On  tiiiis  and  IhhIv  (Merkol,  '8()). 
ArifHUiuT  stnrio^   j*tnr>nM»n.     Hn    Uarln'I    ( Mcrkt'l, 

*«()).     AIh>  other  j*tiny«M>n.<. 
Atfonna    rainphiartim^    jx^V^e.      Hn     \\\v     villiforin 

tentacles  iRMicath  tlie  lu-a<l  (  liiiteson,  ''.H»i. 
Ameiuriis  imlns^  cat-finh,  and  otiier  North   Ameri- 
can Sih»ri<iji-.     On    barMt*tf<   ami    n«*arly   iht* 

whok*  IhmIv  surfatf  (Ilerrick,  '01  K 
Amin  ntini,  Ixiwtin.     On  j-kin  of  head  and  othi-r 

I»arti^  (Allii--,  M»7). 
Ainfuilln  rn/f/tiris,  (td.     Hn  th»*  fins,  lijus,  and  antt- 

'  rior  n(.«tril  ( Merkel,  'SU;  l5at<»son,  *;H)). 
A,<ffiuj<  a/hnniiM  (  Mc*rk«'l,  's<j). 
BnrhuA  fliirinfifis.    ( )n  lKiH>l«'t  (  F.  K.  Sdinlzo,  '♦>.'»  i. 
Bniiichnnitnmn  InmyitftUnm  =r:  ^  |  mphinj  its  Imnu  ttinfns, 

lanctdft.     On  th<*<»nil  cirri  (Mi^rktd,  'si)). 
Cnrnmi'ni:i  nnrnlnn^   ;;nld-tish.      On  tlic   whoK-lni^ly 

(  nnint'roib*  anthors;  Ilerrick  ). 
Vt^fthninontthiis  =  Ojhitij*    ^VaW/i^j    tlvin;:     irnrnard 

(Merkel, '80). 
i'ltttux  ^rrrpittii^  t^eulpin.     On  tins  (Merkel,  'SO). 
i'ljinmr'npn  =  Otrriwi  (Merkel,  *80). 
f'tfpnmis  (ytrpiOf  ^^iirj*,  and  other  cyprinoidi?.     On 

whole  iKKly  (Merkel,  *80,  ami  others). 
Ikuiifh}4*nrtu*  (Merkel,  *S0). 
/)M<v^/m///i»'x //(/////f,  Indian  <'arp.     Over  !he  wlmle 

Ixxly  fiurfai'C  (Ix.*ydig,  *{H). 
Eiirftehfo/tux  =  Mott'l/Hy  U}nT-hk^Tt\oi\  rcK'klin^'.    Hn 

)>arhlet«and  indvic  tins  ( Hateson,  'IK)). 
(iatfnx  ralltirins,   co<l.     On  lij»f>,   l>arl>el,   fins,  and 

iMHly  (Merkel,  'SO;  Ilerrick,  '(K)). 


f.'tnln.^  lust'u^^  \umi\nfi.     On  the  lijis,  liarhlet,  and 

judvic  fins  (liateson,  'W). 
finihix  intrlniKjuit^  whitinjj.    <  )n  lips  ( liateson,  'IK)). 
(,'fniiii<  iHtllar}iiii.t^  iM»llack.     On  li|>s  (  l>iiteson,  'tK)). 
ff'aitlrnj,jairii)<  =  Mittilln^    thrive-! H*arde<l    r(K'klin);. 

On  all  the  harhlets  and  jjelvic  tins  (Zincone, 

'7S;   lUitenm.  '90). 
(iiih'ms^  p»hy.     On  fins  (  Merk«d,  'SO). 
/fiplt'Htiiiipiis,  sea  horse  (Merkel,  's<)i. 
LrptiH-rjthnin.'i   ri/u'f*'i\,    c<>n;:cr    eel.      ( )n    ihe    outer 

ami  inner  li|»s  (ll;it«-s<»n,  '!«>). 
Lt  uniJiitlns    ihiintiituj<.      On    the    ImmIv    irenerallv 

(U-ydi^r, '94). 

1^  ut'isriin  fl^fhiihi  (Leydi^,  '•")7). 

//>//!  riilijm'in^  \\i\\i.     On  harhlet  (Merkel,  'S<»). 

Miilhi.^  ImrUitiis^  mullet.  ( >n  barblel  (  Zincone,  '78; 
Merkel,  'S<>). 

I'tlnmuizon  JinnntUijt^  lamprey.  On  skin  of  whole 
Ixxly  (Merkel,  'SO,  and  others). 

piitjitstt  iix  =  (iiititinjiUi'U'i  imuijitiiiity  stickleliaok 
(Merkel,  80). 

li/tinhns  (imanm.  On  the  Imj«1v  j^enerallv  (Levdig, 
'94). 

Stnrp:viia  (Merkel,  '80). 

Sllunu*  ffifinix^  cat-fish  (Merkel,  '80). 

S^jlrn  villi  fans,  sole.  ''Contrary  to  the  natural 
presumption,  tlie  villi  on  the  lower  (left)  pide 
of  the  hea<l  <lo  tmt  liear  sense  organs,  though, 
iis  Mr.  Cunningham  informs  me,  sucli  organs 
are  fonntl  l)t*twei*n  the  villi  "  (Bateson,  'iK)). 

Tmrn  rndfarl.*,  tench.     On  l>arhlet  (Merkel,  '80). 


As  already  sujr^sted,  our  knowled*re  of  the  funetions  of  all  of  the  sense  organs 
of  fishes  is  very  iin[M'rfect,  since*  s|)«»eulation  based  uiK>n  structure  has  seemed  more 
attnietive  to  most  authors  than  accurate  physioloj^ical  research.  The  monogniph  of 
Merkel  ('s<>),  with  its  ^reat  wealth  of  accurat<*  aruitomical  data  on  the  structure  and 
distrihution  of  terminal  buds  in  all  classes  of  vi'rtehrates,  o-ives  an  excellent  illustm- 
ti<in  of  the  dan«rers  in  the  {with  of  even  so  skillful  an  observer  when  he  goes  Ix'yond 
the  IhiuiuIs  of  observe<l  fa-t  and  enters  the  field  of  sjK'cidation.  This  author  recog- 
nizes the  ch)se  structural  resem)>lance  In'tween  these  organs  and  the  luidoubted  organs 
of  taste  in  the  human  Inxly.  He  controverts,  however,  the  clear  argmiient  of  F.  E. 
S<*hulze  for  their  gustiitory  function  on  merely  theoreti<"al  grounds.  His  first  objec- 
tion is  Iwi^ed  on  their  iimervation.  Instead  of  being  supplied  by  a  single  gustatory 
nerve,  the  glossopharvngeus,  they  may  be  supplied,  he  says,  by  any  c»ther  IkkIv 
nerve.  This  objection  has  Ik^cii  totiilly  removed  by  the  dis<*overv  (compare  es|M»cially 
my  own  Amtlnritx  |KHH»r,  already  referred  to,  publish(»d  in  Octolier,  VM)\)  that  all 
terminal  !)uds,  no  matter  where  located  on  the  ImkIv  and  no  matt<'r  from  what  nerve 
bninches  their  innervation  seems  to  come,  are  in  reality  supplied  by  nerves  of  a  single 
physiological  system,  terminating  in  the  biiiin  in  a  single  center — the  communis 
nerves. 

Again,  he  objects  to  Schulze's  theory  that  the  tenninal  buds  serve  to  XiMf^fifl^. 
gustatory  stimuli  on  the  various  jmrts  of  the  IxkIv,  on  th(»  ground  that  an  orgitn  of 
chemical  sense  stimulated  by  substances  in  solution  in  the  environing  fluid  eould  not 
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roceive  a  .siifBcieiitly  circunisiTilied  stimulation.  It  is  uiiiiec<\ssary  to  follow  tlie 
argument  in  detail,  for  the  experiments  which  I  shall  describe  shortly  show  conclu- 
sively that  when  the  sapid  suhsUmce  is  l)rou<^ht  into  contact  with  these  organs  or 
very  near  t*>  them  the  stimulus  is  accurately  and  very  promptly  lo<'alized,and  in  fact 
some  of  the  fishes  studied  ha))itually  find  th(»ir  food  by  this  very  ])ower,  the  gusta- 
tcny  stimulus  calling  forth  an  immediate  reflex  movement  toward  the  point  stinm- 
lated.  It  is  probable  that  the  loc4d  sign  is  not  given  by  the  gustatory  (communis) 
nerves,  but  b}'  the  accompanying  tiictile  (genenil  cutaneous)  nerves  of  the  corre- 
sjx)nding  cutaneous  area  (which  general  cutiineous  nerves  Merkel,  curiously  enough, 
denies  to  the  lishes  altogether,  whereas,  in  fiu-t,  th(»y  are  plentifully  supplied  to  all 
|)arts  of  the  skin),  though  my  experiments  do  not  decisivi'ly  answer  this  (piestion." 
Weak  stinmli,  esiM'cially  when  unifonuly  dillused  through  the  water,  are,  it  is  true, 
not  at  all  localized;  but  strong  stinudi  are  un<iuestional)ly  localized  by  one  method 
or  another. 

In  fact,  Merkel  agrees  with  JolxM't  that  the  terminal  buds  of  the  outer  skin  are 
tactile  in  function.  This  is  based  largeU'  on  the  erroneous  belief,  referred  t>o  abov(», 
that  there  are  no  free  tactile  nerve  endings  in  the  skin  of  tishes,  and  also  on  the 
observed  tactile  sensibility  of  the  barblets  and  other  parts  of  the  body  known  to  be 
most  plentifully  supplied  with  terminal  buds.  Hut  I  have  shown  that  all  of  these 
parts  of  the  body  receive,  in  addition  to  connnunis  nerves  for  the  specialized  s(»nse 
organs,  a  most  liberal  general  cutant^ous  innervation  foi  tactile  sensibility;  and  the 
experiments  which  follow  go  to  show  practically  that  these  two  functions  conunonly 
coopc»mte  in  setting  off  the  reflex  of  seizing  food,  though  they  may  be  exi>eriment- 
allv  isolated. 

Merkel  now  proceeds  to  carry  his  argument  to  its  logical  conclusion  (and  like- 
wise to  a  rttdtietlo  (id  ahmirduin)  by  denying  the  gustatory  function  to  all  terminal 
buds,  even  those  within  the  mouth  supplied  by  the  glossopharyngeal  nerve,  of  all 
vert^^^brates  l)elow  the  MahtntaJla, 

He  finally  concludes  that  both  the  neurojnasts  of  the  lateral-line  system  and  the 
t<?rminal  buds  are  tactile  orgjins,  the  buds  !)eing  the  more  delicate;  Init  if  these  arr 
deficient,  then  the  neuromasts  may  be  elevated  to  a  more  <lelicate  functional  value; 
l)oth  of  which  conclusions,  in  the  light  of  our  present  knowledge,  illustrate  the  dangers 
attending  an  attem[)t  to  determine  function  on  the  basis  solely  of  observed  structure, 
without  adecjuate  physiological  control. 

The  general  works  contain  numerous  references  to  the  subject,  but  usuallv 
chance  observations  or  siH'culative  conclusions.  Ciiinther  says,  under  the  caption 
''Organ  of  taste'': 

S<»iiH^  lislics,  esiK-^cially  vejretalile  fiHMU'i>«,  or  thosi'  prnvidnl  with  broiui  inolur-likr  troth,  iniu^ticate 
their  ffMxl;  an(i  it  mtiy  Ix' oIxhitvimI  in  carps  uikI  other  cvpriiinijl  lish  tliat  this  pnMi'.ss  <>f  inasticatitui 
fnMjut'iitly  takt«  some  time.  But  tlie  majority  of  lish  swallow  their  f<MMi  rapitiiy  ami  without  mastica- 
tion, and  tlierefon?  we  may  conclude  that  tlie  sense  of  tiiste  can  not  l)e  aeut<'.  The  tonj^ue  is  <»ften 
entirely  absent,  and  even  when  it  exists  in  it«  most  distinct  state  it  c»>nsists  merely  nf  ii;>:ament<Mis  or 
cellular  sulwtance,  an<i  is  never  furnishiHl  with  muscles  capa]>le  of  j>nMiu<'in;r  the  movements  of  exten- 
sion or  retniction,  as  in  most  hij^her  vertebrates.  A  j>eculiar  (»r;ran  on  the  rouf  of  the  palate  of  cypri- 
noids  18  iH'rhai)«  an  orjjan  adai)t4.Ml  for  jjerception  of  this  sense;  in  these  lishes  the  palate  between  and 
Mow  the  upi>er  pharyngeal  lK>nes  is  cushione<l  with  a  thick,  soft,  contractile  substance,  richly  supplied 
with  nerves  from  the  NiTvi  vakils  and  jjlossopharynjjeus. 

«0n  thl*  ]K)int,  boc  the  further  experiments  reeonled  iu  the  AUileiiduiu.  in>.  ■J7l>-.r71. 
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Ro<^r(linjjf  tho  peculiar  i)alatal  or*^n  of  the  eyprinoids,  it  has  been  known  since 
Wel>er's  account  in  Is^T  that  this  is  phMitifuHy  supplii»d  with  taste  buds,  and  \Vel)er 
hinis<^If  brou<rht  forward  strontf  indirect  evidence  that  its  function  is  ^ustator}'. 
The  followinjr  observations  (and  many  .similar  ones  mijjfht  l>e  cited  from  the  litemture 
of  s|)ort)  are  taken  from  the  section  on  ''TheTrouts  of  America,"  by  William  C. 
Harris,  in  the  American  Sj^ortsman's  Lil)i*arv. 

Tlie  anirlcr  can  not  n*sist  th<*  U'lit-f  that  thr  seiis4's  t»f  snii'U  an«l  ta-«»t4*  an*  weli  tU*velope*l  in  trout. 
Th«*y  «*j«*<-t  the  artificial  Hy,  if  the  h<M.k  is  not  fa>t  in  the  tlesh,  at  th«»  instant  tliev  note  it8  nonetlihle 
natnrc,  or  w  hen  they  feel  the  jrritty  impact  of  the  hiM»k.  They  will  not  eat  inipnre  f<HMl,  an<l  they 
liave  the  faculty  of  iK'n-eivinir  «M|ors,  an«l  varions  s<*ents  attract  or  reiK'l  them.  This  has  Ihhmi  veritieil 
from  the  ♦iirlitvt  <!ays  of  onr  art,  when  ancient  nuismen  nsetl  diverse* an<l  <'nriou.«  jwL^tes  an<i  oils,  which 
wen'  s<Hinctiv<'  to  tish;  in  Walttm's  <lay,  ami  lonjr  after,  this  pnu»ti«-e  wa.«  foll«)we<i  an<i  tlie  re<-^)nls  tell 
ns  of  it,*^  sa<"cess.  When  I  wa<  a  l»oy  an«l  the  S<"hnlkill  Kiver  wafj  swarming  with  tlie  small  white-l>ellieil 
csit-tish,  than  which  no  more  <ieli<;htfnl  hn^akfa.**!  foo<l  ever  cjime  out  of  the  water,  the  only  Itait  iii«<l 
to  catch  them  wil**  made  of  IJmhnrjrer  <-lHH*f5e,  mixe<l  with  a  i>at<*h  of  cotton  l»attin^  to  hoM  it  firm  c»n 
the  h<H»k.  No  other  Inn*  hati  the  same  attra<'tion  for  them  l»e<rimst»,  no  ilouht,  of  the  ilecide<l  cnlor  of 
the  clie<»*«e. 

The  problems  connected  with  the  relative  sicrniticance  of  the  several  sense  organs 
of  the  fishes  have  !>een  treated  !)oth  anatomically  and  ex|XM'i  men  tally  in  the  excellent 
|>ji|x*r  of  Bateson  ('i*o).  After  anatomical  remarks,  lMi.se<l  laro^ely  on  his  own  careful 
studies,  on  the  eves,  ol factor v  or<nm>>.  Jind  ifU'^tatorv  or<nins,  he  recounts  a  .<^ries  of 
adminible  and  well-<'onsidenHl  ex|>eriments  ma<le  to  test  the  parts  played  by  these 
orjnins  in  the  normal  feedinj^  of  various  kinds  of  fishes. 

These  ol>servat ions  are  jjcrouiMnl  under  two  chief  h(»ads,  viz,  "^Senses  of  fishes 
which  seek  their  food  bv  sccMit"  and  "The  senses  of  fishes  which  s(»ek  their  food 
1)V  sitrht."  Thoucrh  the  taste  Imds  in  the  mouth  and  outer  skin  are  descril)ed  and 
correctly  interprettnl  in  the  anatomical  \y,\vt  of  the  paper,  these  or<rjins  are  scarcely 
considered  at  all  in  the  physioloj^ical  part,  and  this  i>  really  the  jjcreatest  weakness  of 
the  pa|)er.  Since  my  own  ol)servatinns  in  j)art  follow  so  closely  in  the  footsteps  of 
l^ite^on  (thoujrii  compl<'t4»d  in  the  main  iM^fore  iiis  pa|XM*  was  accessible  to  me),  and 
.<ince  they  are  iti  <rcnenil  confirmatory  of  hi>,  it  will  l>e  of  interest  to  review  portions 
of  his  paper  at  this  time. 

II«*  ofiv(»s  the  followiuiT  li*^t  of  tislh»s  which  h(»  has  observed  ''to  show  conscious- 
ness  of  f<MKl  whi<-h  was  unseen  bv  tlxMU,  as,  as  will  hereafter  be  shown,  there  is 
evidence  that  they  habitually  >eek  it  without  the  help  of  their  eyes": 


I*n4nitleni»  iiuinrhii.^^  mu<l-tish. 

Si'ifUinni  riimirtiln,  ron^h  <loj;-tish. 

St'iiHinin  rnltilim^  nnrst^honn<l. 

llnjn  fmtl.^^  skate. 

(\nnfrr  niltjtirl.'t,  confer  e<'l. 

Aiiiptilhl  mlijiii'is,  mA. 

Mi4tlhi  tnrirrntn^  thn^'-ln'-anleil  nM*kIin^. 


}ffft*'!ia  intiittrln^  livc^beanle<l  n»rklinjr. 
Xniitu'hrUuM  tmrlmtnhi^  liMldi. 
/  IjefnultHjaMtr  (jnuanii^  sucker. 
Sthti  rtiit/ttriitf  sole. 
St^4'4i  inimitn^  little  p<^)le. 
ArifM'itstr  nithciiun^  sterlet. 


H<»  savs:  *'To  this-list  mav  almost  certainlv  1m»  added  the  remainder  of  the  Haiidit^ 

•  •  • 

together  with  the  angel-fish  (RhJna  sfpnifitm)  and  Tnrjpcthf,^^  Unfortunately,  how- 
ever, lljiteson  in  his  list  does  not  distinguish  l)etween  those  fishes  in  which  smell 
obviously  plays  the  leading  |vart  and  those  in  which  taste  or  touch  or  lioth  are  used  to 
com|)ensjite  for  the  reihiction  of  vision,  and  it  is  this  defect  which  it  is  hoped  that  the 
present  contribution  may  in  part  correct. 
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Most  of  tlio  forms  in  tho  list  alK>vo  are  more  or  loss  nocturnal  animals,  Init  thej'^ 
differ  much  in  this  ro^iinl.  Tho  part  attributed  to  the  sense  of  si<^ht  and  smell  in 
Bateson''s  studies  is  so  similar  to  mv  own  conclusions  in  many  respects  that  it  seems 
fittint^  to  (juote  tho  orroater  part  of  his  description,  especially  since  tho  sptH'ies 
observed  by  us  are  in  all  cases  diffon^nt.     He  savs: 

None  of  thost'  fishes  over  start  in  (|m^t  of  f(MMl  wlien  it  is  tirst  pnt  into  the  tank,  Imt  wait  for  an 
interval,  donbtlens  until  the  H4*(»nt  has  lKK»n  <liffus«Ml  tliron^li  the  water.  Having  iH'n^»ive<l  the  went 
of  f<MMl,  th(»v  swim  vajrnely  alnnit  an«l  a])i>ear  to  seek  it  hy  exaniininjr  the  wh<ih»  area  iK*rva«le<|  I)y  the 
s<"ent,  liavin^  seeniinjrly  no  simis«»  <>f  the  «linM*tion  when<H>  it  pnH'c^tMls.  Thonjjh  sonu*  of  th«*H<'  animals 
liave  iindonhtediy  s<»in<'  visual  jK>re(»ption  of  ohj*H*ts  moving  in  tlie  water,  yet  at  no  time  wju*  tliere  the 
sli^lit4'Ht  indication  of  any  nM'ojrnition  of  any  f<KMl  suhstantH'  hy  sijriit.  Tiie  i»nH'<»ss  of  sinireli  is  i*<|ually 
in«linH*t  and  U»ntutive  hy  day  an«I  ])y  ni^ht,  whether  the  f«M)d  is  exiK)se<l  or  hidden  in  an  o|>iU|ue  vesnel, 
wliHlier  a  pi<M'e  of  aetual  fo-^l  is  in  the  water  or  t!ie  ymn*.  only,  s<ju<»ez<»d  through  a  rh»th,  and,  histlvt 
whether  (jis  tt^Unl  in  the  <'Jis(»  of  tluM^mtjer  anjl  the  nK'klinjr)  the  fish  In?  blind  or  not.  *  *  *  The 
|H're«*ptions,  then,  hy  which  tlu*s<*  animals  recojrnize  the  i)resen<*e  of  fjwMl  an»  eh*arly  ohtaimnl  hy 
mftins  <»f  the  olfaittory  (►r^ans  and  apj>arently  exclusively  thnni^h  them.  I  was  parti<'ularly  surpriseti 
to  find  n«>  indication  of  tlie  jK)ss<»ssion  of  su<*h  a  funi'tion  ])y  the  8<»ns«»  orjrans  of  the  Iwirlh'ls  and  li})H  or 
hy  those  of  the  latend  line.  As  has  lH>en  already  <U»scri])ed,  the  iH*lvi(^  tins  and  luirl)els  of  the  nn-k- 
linjrs  ( hfitti'lln)  and  the  lips,  et«'.,  of  mj)st  fishes  l)ear  j^»at  nnmlK»rs  of  sens<»  orjraus  closely  com|tiinihle 
in  stnn'tur(i  with  the  taste-  hiids  of  other  vertebrates.  No  one  who  hafl  s<K»n  thi'  mfxle  of  ft»e<linj;  of  the 
n»cklinji:  or  pouting  ( fimlus  hisrn.><)  mn  doubt  that  thes<'  orjrauH  are  (Mnploye<l  fnr  the  discrimination  of 
f(KHi  Hubstanccs;  but  the  fact  already  mentione«l,  that  the  rocklin^  in  which  thecdfactory  oi-^rans  had 
been  extirpate<l  did  not  take  any  notice  ()f  food  that  was  not  j»ut  close  t^»  it,  jM»int,s  to  ttuM'onclnsion 
that  they  are  of  s*»rvi<'«»  oidy  in  actual  contact  with  the  fcMnl  itself. 

Hateson  ofives  also  a  (;onsidera))lo  list  of  iisluvs  which  ho  has  observ(»d  to  ifot  their 
food  chiefly  by  the  sense  of  si^ht,  an<l  he  is  doubtless  correct  in  ass(»rtin<:f  that  the 
majority  of  tishos  bolon*^  to  this  class.  None  of  the.se  si<i^ht-huntin<jf  (ishes  while  living 
in  his  t^uiks  appeared  abl(>  to  see  their  food  by  ni*ifht,  or  even  in  twiliijfht.  None  of 
the  tishe.s  whi<-h  ho  eniunoratos  as  belongino^  (o  this  class  showed  symptoms  of  interest 
when  th«»  jui(*e  of  food  substanc(»s  was  put  into  the  water,  and  other  evi<lence  is 
)>roucr|it  forward  to  show  that  the  son.so  of  sm<»ll  plays  little  or  no  part  in  helpinj^ 
thorn  to  dis(M)ver  their  food. 

I  have  not  sttiditnl  any  of  tho  species  montioni^l  by  Bateson.  but  for  tho  forms 
studied  by  mo,  which  have  an  extensive  supply  of  terminal  btids  on  tho  outer  skin, 
I  fully  coniirm  most  of  the  stntements  quot^^d  alK)vo,  save  that  in  det(»rminin<if  the 
part  played  by  si*^ht  I  <lid  not  blind  any  of  my  tish(»s  and  save  that  the  stutement 
that  in  fishes  of  his  first  *ifroup  "at  no  time  wjis  there  the  slightest  indication  of  any 
rocomiition  of  anv  food  substunce  by  sij'ht"'  is  strictlv  true  of  none  of  mv  tishos 
exce]>t  AmrfuviiM^  thouj^h  in  some  of  tho  other  cases  it  is  approximat(»ly  true. 

Tho  only  imporbint  rosptM't  in  which  my  observations  are  not  in  harmony  with 
those  of  Batoson  is  in  connection  with  tho  jMirt  playcnl  by  the*  sense  of  t^isto  in  some 
of  tlu'se  tv])os  of  tishos.  I  have  studi(»d  tho  gustatory  reactions  of  fishes  closely 
allied  to  the  rockling  and  having  the  same  arrangement  of  terminal  buds  on  the  barb- 
lets  and  pelvic  fins,  and  am  convinced  thtit  Hatosoirs  failure  to  get  <*lear  gustatory 
reactions  from  these  orgjins  was  dm*  to  tho  insuflicioncy  of  his  methods  of  experi- 
ment rather  than  to  tho  ab.»<ence  of  the  fun<tion.  In  ofonenil,  it  mav  bo  stated  that 
the  ])jirt  played  by  th<»  gustatory  reflex  in  tlu*  case  of  fishes  having  an  extensive  sup- 
ply of  terminal  btids  on  the  outer  skin  is  of  vastly  great4T  im|M)rt4ince  than  l^atoson 
ap|x»ars  to  luivo  recogniz(»d. 
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The  only  othrr  pupor  of  im|M)rtan<*o  dealing  with  the  sense  of  taste  in  the  fishes 
ex p<»ri mentally  which  has  come  to  my  notice  is  the  jrreat  iiionog-raph  on  the  senses  of 
tit^te  and  smell  hy  Na<r*d  C'*^)-  II**  investitrsiteil  the  sense  of  ta.ste  in  the  following 
tishes: 

(1)  Fkesfi-w  vTER  Types:  A  nfjn Ufa  aufjul/in  {o\t\  and  (\n'\U'  \o\n\g);  C!fpnnns<  rnrftio;  HtirhuA  flttria- 

(His;     Ia  iifisrils   rt  fJni/iis;    ( itistt'mstriis    ariittuhis;     d'ohnis   jinr'mfltis;    SilnrtiM    ffhtniji   J  VOllDg 
S|HM"iliH^n  )  ;    f  'niiit'ijt  l^issifi.'i. 

(2)  Makink  Tv»*k>:    Jurist  In  rn.*;    Sit//iitui   (^itnlus  nwi  S.   ctiuinda;   Sj/iiij)nithti.t  /i/i<.v;     I'rtnHtsfitpuJS 

tuuifn  r;    IjOfthnts  insnitin'nis. 

Najj^el  tested  all  the  fresh-water  fishes  mentioned  in  this  list  by  hrintriii^  hitter, 
sour,  swe<»t,  and  salty  solutions  in  conflict  with  the  skin,  without  jfettin<jf  any  res|H)nse 
to  the  stimulus.  Thus,  the  caip,  wels  (X/7///v/.v),  and  stickleha<-k  did  not  res|>ond  to 
a  stimulation  of  the  skin  of  the  hody  with  ({uinine,  thouj^h  the  last-named  fish  gsive 
an  immediate  resjxMis<»  when  the  s<»lution  touche<l  the  lips.     He  concludes: 

III  tho  fn'T'li-wattT  HhIh's.  acmnlinjr  to  my  nbH<*rvati<uiF,  tho  iMjwer  of  taj«te  is  <'ompletely  larking 
in  the  oiitiT  skin:  <»r,  nion»  pn^iH-ly,  in  no  i»iirt  except  tlie  hea<l  in  there  piiFtatory  sensil>ility. 

For  su<-h  of  these  forms  as  jx)ssess  no  terminal  huds  on  the  skin  of  the  body  this 
is  doubtless  true:  but  for  the  other  fishes,  includinjj,  doubtless,  Sfft/rftx and  ()fpriuus^ 
it  is  certainly  a  mistake.  In  gadoid  fishes  I  j^ot  a  <'lear  reaction  aj^inst  quinine 
solution  when  it  was  applied  to  the  free  fin  niys,  which  are  known  to  l>e  supplied 
with  terminal  buds,  but  not  from  other  parts  of  the  skin. 

Amon^  the  elasmol»ninch  tishes  Na^el  found  ScylUuin  ratuhhs  and  S,  vinilexila 
to  Im^  sensitive  to  very  dilute  solutions  of  vanilla  all  over  the  bodv  and  fins.  Bitters 
were  not  p(M'<*eivedthus,  nor  oil  of  rosemary,  but  they  are  very  sensitive  to  creosote, 
lie  controverts  S<hwallK»'s  arcrument  that  the  terminal  buds  of  the  outer  skin  of  tishes 
pr<>l>ably  have  a  fjustatory  fun«*tion  !)y  reason  of  the  similarity  of  their  stru<*ture 
with  that  of  taste  !>uds  in  the  mouth,  and  concludes: 

A  n*al  S4»ns«*  t»f  t;istt%  >\\v\\  as  man  an«l  many  t»thrr  animals  have  in  the  nioutli,  apjiears  to  Ije 
a)>S4Mit  in  thr  <»nt«T  f-kin  of  all  iishfs  and  Amphihia. 

It  will  apiwar  from  the  followin<r  iwijros  that  this  conclusion  is  erroneous.  I  will 
merely  add  here  tiiat  if  Na«^el  had  worked  with  sapi<l  solutions,  with  which  his  fishes 
were  presumably  already  familiar,  instead  of  with  substances  like  sugar  and  vanilla, 
toward  which  no  <learlv  established  reflexes  hacl  been  established  in  the  natural 
environment  of  the  fishes,  his  conclusions  mi«('ht  have  l>een  different. 

TERMINAL  BUDS  AND  THEIR  INNERVATION. 

The  t<*rminal  buds  of  the  fishes  tabulated  above,  and  doubtless  manv  others 
which  mijjht  Ik?  mentioned,  are  of  the  same  type  and  presumably  provided  with 
similar  innervation  bv  conununis  nerves,  for  cutaneous  bninches  of  the  communis 
root  of  the  facial  nerve  are  known  to  reach  the  areas  ])rovid4*d  with  the  buds  in  all 
cases  whi<h  have  been  ade<|uately  studi(»d.  These  orjipms  may  therefore  all  lie 
defined  mori)holo<ifically  as  !>elon<»'in«i:  to  the  communis  system  of  sense  orof:ins,  along 
with  the  taste  bu<ls  of  the  UKUith  cavity  and  as  distinct  fnnn  the  lateral-line  organs 
and  all  oth«»r  ty|>«»s  of  sense  orgsuis.  In  order  to  supjxnl  this  p>sition  there  remains 
uierely  tin*  proof  that  the  terminal  buds  and  taste  buds  have  a  similar  function. 
This  evidence  is  presented  subsequently  in  this  |)ii[>er. 
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T\w.  toniiinal  l)inls  of  tislips  hnw  1mh>ii  often  dpscrittpd  mid  liffurod,  mid  I  htive 
Iittti>  to  tidd  to  tlw  ('liissii-iil  (li'siTiplions  siivo  in  tho  iiiiitt4'r  of  (lis(ri)iiitioii  iiml  inner- 
Viition.  Ttiosr  in  tlu>  mouth  :ii-i'  supjtlifil  liy  limn  dies  of  tli<>  x,  ix.  and  VII  pnirs  of 
cniniill  norvcs,  tlio  lifst  Iwo  norvos  supplying  those  in  tho  jrill  iTi,'ioiis  and  th«  piv- 
tronmtic  hnun'h  of  the  jrlossopliarynfjcus  also  ninnin<r  fonvaid  to  siip])ly  thoMo  on 
tho  liyoid  an-h  (toiiiinc).  The  <'i)niniiuiis  ro<it  of  llie  fai-ialis  (  -  imrlio  int4>niiediii  of 
liiiniari  anatomy)  and  its  f^enii-iilate  jrnnjrlion  supply  the  bisfe  Imds  on  tho  piihite  liy 
tlie  r,  [iiilatiiius  facialis  (— <,'re«t  suiwrlicial  iiitrosal  nerve  of  iiijiii).  iind  otlipr  liiids 
on  the  liniiijf  of  tlie  i-heek.  on  the  jtiws,  and  on  the  lips  liy  other  limni-lKH,  some  of 
whieh  lire  stvitiidai-ily  associated  with  bmnehes  of  the  tn^iiiimis  and  most  of  wliidi 
have  no  hoiiiolotrties  in  miimmalian  anatomy,  though  some  one  or  more  (»f  tliftin 
pi-olmbly  repieseni  the  chorda  tvmi>aiii. 

In  A /I"/ III '('■  1  lia\e  shown  (o|)  that  terminal  hudsoeciir  in  the  skin  of  praeticiilly 
the  whole  IhhIv  siirfiwe,  most  nlnindantly  on 
the  liari>Iet.s  mid  dimiriiHhin}r  in  frefpiency 
Kiwtird  the  tail.  These  Intds  (see  tip.  2) 
rest  Oil  a  low  ]NipillH  of  t)ie  dermis,  (|uite 
'lilferent  fi-om  that  lipni-cd  liy  Merke!  ('SO. 
lilate  V.  tifj.  1)  for  the  lerminal  Inids  of 
s;/iifiM.  His  lipiire  shows  a  iiLiich  smaller 
<irgan,  restinfi  upon  a  jfriiitly  elongated 
papilla  in  an  epidermis  which  is  ap[>;ireiitly 
Ihicker  than  in  ,!//» /»/•-*«.  Merkcl  states 
("Sd,  ]).  7-2)  that  terminal  liuds  always  occur 
on  Slid)  11  dermal  [nipillii.  While  tins  is  cer- 
tainly the  f,'eneml  nrle,  we  lind  (h-cus  ion  ally 
instances  where  the  |»ipilla  is  aliseiil,  iis  on 
the  lilliform  tins  of  the  hake,  where  I  liixl  the 
buds  iiiilMsldcd  in  the  epidermis  and  extend- 
ing only  piirtway  thnaij.'h  it,  with  a  layer  of 

Kiiiihi-mis.'.ii ,ii..w|«|.iiiuiin.i..rii.,«n-.«vni.     unnnKlJUed  epidermal  cells  JH'tween  (he  bud 

and  the  tlermis. 
All  iMirtjs  <if  the  l)ody  <if  Aiiniiini"  which  an'  supplied  with  ti'rmintd  buds  am 
reached  by  briiiiehes  of  the  facial  nerve  from  the  peiiiculnte  }r;in<>|i[|||.  In  other 
words,  the  nmii  from  the  <'<immunis  root  of  the  faciiilis  are  distributed  to  in^irly  the 
whole  outer  ImhIv  surfiiee  of  this  Itsh.  On  the  distal  side  of  the  {riin<r|i<iii  these  niiiii 
usually  join  themselves  t<i  otliei'  cutaneous  branches  whi<h  are  iihyl<ij;enetieally  older. 
iM^hmyin;;  to  the  jfeiiend  cutimeoiis  and  latciiddine  systems.  Kven  the  preat  recur- 
rent branch  into  the  trunk,  the  ramus  lateralis  aceessorius.  which  passes  oiit  of  the 
craniiiui  as  a  pmctieiilly  pure  counnunis  nerve,  anastinuoses  with  the  spinal  nerves  t\\ 
t heir  ^intrlia  and  its  liliers  are  ultimately  distributed  alont;  with  lhof;enend  cutaneous 
(ilH'i's  from  thes<>  spinal  (;miplia.  V\^.  :>  illustrates  the  couises  of  the  chief  cutaneous 
bninches  of  the  eomnmnis  system  in  Aiifiiinix  ;«*•/««.  the  iierves  of  all  other  systems 
lieiuff  omitted  from  the  sketch. 

Proximally  of  the  jjeniculate  (ranglion  the  communis  rofit  of  the  facialis  pursues 
mi  um-omplicated  cour.sn  to  the  primary  gustatory  ce.nter  within  the  medulla 
oblongata,     lu  most  lishes  this  i-oot  juisses  Iwck  close  Ui  the  floor  of  the  fiiurth  von- 
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Ii-ir)i>  II.S  till'  fiiM-iciilii-i  i-<iiiiiiiiinis  (—fuse,  solitsiriiis  <if  m;ii>iiit:ils)  to  toniiiimti'  in  tlio 
V!i;p''  '"'"'  "f  •'"'  >!">i''  '^l**.  !in<l  ivi-i'ivt's  ill  its  foiirsc  tlio  i-Diiiniiinis  root  of  Die  jjUk- 
sojilmry II irons  ihtvp.  Itiit  in  >iliin>ii1»  uiid  lyppiiioids,  wlicio  tlic  vorv  almndiint 
t<-niiinul  liii'ls  of  llio  oiilor  skin  :ii-i'  ull  iitixTviiti-d  fi-oin  thi>  (-oiiiiiiunis  root  of  the 
fiifiiil  niTvc.  tlio  crmsi'inii'Tit  imicuso  in  tlio  -^izc  of  tliis  rinit  has  ii'STiltcd  in  a  great 
I'nlarjii'niriit  rif  tlio  t-o|ilii\]ii'  ond  of  llio  irii>laIorv  contor  (vnffal  lolio)  ivliicli  apivarH 
on  tlio  dorsal  -nrfaoo  of  tho  ol.lonjrata  as  tln>  faria!  lolio.  This  slnii-turo  is  [uiirod  in 
silnroid-  and  was  forinorly  rjtilod  llio  !o1.li>  Irijroniini.  an  injwlmissil.lo  tonn.  sinw  it 
lias  nothing  wliatovor  to  i\n  «itli  tlio  trijroininns  norvo.  In  cyprinoids  it  is  iinjHiired 
and  is  roforrod  to  in  tlio  cdilor  litonitiiro  as  tho  tnlx-rciilnni  iiiipir. 

Tlio  oyprincii.i  li-ln-  also  linvo  Ion;:  Ih'oii  linow  n  to  liavo  toniiinal  (mils  {/W/irr- 
'./-;/-//-)  wididy  distril.Titod  ovor  tho  cmt.-r  IhmIv  snrfaoo:  l>nt  noithor  tho  innon-ation 
of  Ihosp  oripins  nor  tho  o\aot  i  •iiii|>(isitioii  of  tlio  i-ninial  norvos  lias  ovor  tioen  worked 
out  in  any  .  yprinoid  lisli.      A  oiiisoiy  oxanilnation  of  a  sonos  of  s(>otions  propuretl 


l.y  tho  \V.i;r,.rt  inoihod  throii<rh  tho  ontlro  hoad  and  IkmIv  of  a  small  fjold-fish  {Cimi"- 
.■-iiis  •iiii--ilfi.-<)  has  oonvincod  mo  that  tho  saino  londitions  in  -.'ononil  pivvail  in  the 
lyprinoiils  jis  in  tho  siluroids.  That  is.  tho  onoriiioiis  size  of  the  vajnil  lolws  of 
oypriiioid>  is  oxphiinod  liy  tho  fa<-t  thai  those  arc  the  terinina)  <-entoi-s  for  the  viist 
luHiilH-r-  of  iiorv.'  HIkis  ont.rino  tho  lii-iiiti  liy  way  of  the  ix  and  X  iiorvos  from  the 
jKilatal  orjran.  ihis  roiiiarkaldo  siniotiiro  lM'iii<r  orowdod  over  its  entiio  extent  with 
taslo  Inids  ;ind  pri.lwil.lv  sorvin^r  to  tiltor  foiM  ]Kirli.|os  out  of  tho  iinnl  taken  into  the 
nioiilh. 

On  the  iitluT  hand,  tho  luli<'nidiim  ini|Kir.  i)r  fiicinl  lohe.  roooivos  the  ontlro 
<-omnuinis  rtwit  of  tho  faoial  nor\ o.  This  r<Mit  loieives  lil)i'r>  from  pmotioally  all 
(Kiits  of  tho  oiilor  Mirfa.o  of  the  l.iMfy.  :iii<l  wo  msiy  infoi  l»y  stnalofry  with  other 
lisho>  that  tlio>o  tilHTs  i-onnoot  with  the  torniinal  Inids  in  thoo  oiitaneons  areas, 
thoiifih  we  have  as  yet  no  aotnul  <loinonstnt(ii>n  of  this  faot.  The  tenninal  hnds  of 
the  skin  of  tho  head  ai-e  supplied  mainly,  ns  in  Am-  lur'i".  h\  wiiy  of  tho  infniorliital 
trunk.     The  tenninal  hnds  in  the  skin  of  the  body  of  the  jfold-tish  are  not.  however. 
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supplied  by  a  ramus  lateralis  ac^cossorius,  or  recurrent  facial  nerve,  as  in  Am/^niruM  and 
the  jifadoid  fishes,  for  this  nerve,  as  has  lon^  Iwen  known,  is  absent  in  the  cyprinoids. 

There  is,  however,  in  these  fishes  an  intra(^ranial  anastoniasis  l)etween  the 
v+vii  pfanglionie  complex  and  the  ix+x  i'omplex,  the  composition  of  which  has 
thus  far  remained  unknown.  This  proves  to  !)e  the  reeurrcMit  bninch  of  the  facialis, 
carrying  connnunis  fil>ers  from  the  j^eniculate  fjfan^lion  into  the  trunk.  The  details 
of  the  periphenil  distribution  of  these  fibers  have  not  l>een  fully  workcnl  out,  but  the 
main  iiath  in  the  j^old-fish  is  as  follows: 

The  geniculate  ^mglion  of  the  facialis  is  clearly  separable  from  all  other 
jranglionic  nuisses  of  the  trigemi no-facial  complex  and  is  comix)sed  of  two  iK>rtions, 
c»ach  of  larji^e  size.  The  more  dorsad  portion  corresjHmds  to  the  greater  jmrt  of  the 
trjinirlion  in  other  teleosts  and  distri})utes  its  tibcM-s  chi(»flv  l)V  wav  of  the  infraorbital 
trunk.  The  more  ventnd  jK)rtion  sends  cephalad  a  very  large  palatine  nerve,  and 
caudad  a  still  larger  nerve  which  represents  moi'pliologically,  though  not  to|)ograph- 
icallv,  the  r.  recurrens  facialis  of  the  siluroids.  (»tc.,  or  the  facial  root  of  the  r.  lat(>raiis 
accessorius  as  found  in  the  cod. 

This  nerve  i)asses  Iwick  along  the  latenil  side  of  the  great  auditor}^  root  and  at 
the  lev(»l  of  the  superficial  origin  of  the  ix  nerve  it  divides  into  seveml  stmnds,  one 
of  which  pisses  dorsally  of  the  ix  root,  the  others  v(Mitrally.  These  latter,  however, 
jMiss  upward  so  as  to  lie,  farther  Iwick,  dorsjilly  of  all  of  the  vagus  r<M>ts  except  that 
of  the  lat4*mlis  branch  of  the  vagus.  All  of  these  communis  fibers  now  join  them- 
selves to  the  r.  latenilis  vagi  and,  passing  through  the  ganglion  of  the  lattc^r  nerve, 
Ijoth  components  enter  the  body  of  the  tish  l)Ound  up  in  a  single  nerve  trunk  in 
whieh  the  fine  conmiunis  fibers  are  for  a  time  completelv  surrounded  bv  the  coarse 
latenilis  [ib(»rs.  The  connnunis  fibers  go  oif  in  successive  branches  along  with 
lat4»nilis  fil>ers.  The  details  of  the  listrilmtion  have  not  been  worked  out,  though  I 
think  it  would  not  be  ditticult  to  do  so  with  the  material  at  hand.  It  is  highly 
probable  that  the  connnunis  fibers  are  for  the  terminal  buds  siwi'sely  distribut^^d 
over  the  skin  of  th<*  lK)dy  and  that  the  terminal  buds  of  the  trunk  are  all  iimervated 
from  these  connnunis  fibers  in  the  r.  lateralis  vagi,  just  as  the  buds  in  the  skin  of 
the  head  are  innervaUnl  by  other  comnuinis  fibers  from  the  geniculate  gtinglion  of 
the  fa<'ialis,  an  arrangement  substantially  identical  in  morphological  plan  with  that 
of  the  siluroid  fishes. 

The  conditions  here,  so  far  as  studied,  confirm  essentially  the  conjectures  to 
which  I  was  led  from  a  study  of  the  lit(Miiture  (Ileirick,  'J>J>,  p.  40<i),  and  accord  so 
completely  with  the  morphological  interpretation  there  proiK)sed  that  we  merely 
refer  the  reader  to  that  pjtssage  in  the  Menidia  paix^.r. 

FUNCTIONS  OF  TERMINAL  BUDS. 
EXTKUIMENTS   ON    SILUROID    FISHES. 

The  cat-fish  (Aifirinnfs  n<hitJoAUi<)  ujxm  which  this  series  of  experiments  was 
con<luctcHl  (except  a  few  ex])eri!nents  specificrally  designat4»d)  were  hati^hed  in  the 
open  at  (iranville  in  the  spring  of  VMM,  In  Octol>er  of  that  sjime  year  they  were 
taken  to  the  lalK)ratorv  and  kept  through  the  following  winter  in  tanks.  Microscopi<» 
examination  of  the  skin  and  barblet^s  shows  that  their  skin  and  cutaneous  sense  orrans 
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at  this  age  are  praeticiilly  in  tlu*  adult  condition.  Durinor  tho  winter  thoy  wore  fed 
on  various  kinds  of  meat  chopped  tine,  sometimes  cooked,  hut  usually  raw. 

In  one  small  a<piarium  were  kept  half  a  dozen  cat  Hsh,  several  ortlinary  ''shiners'"* 
(x\W/v/^//.vsp."),  and  some  small  ** spotted  suckers"  {Mnnjirmtn  ////^A//*«'/y>/<  Kiitines^jue). 
('ju^ual  ohservations  mad(*  during;  the  winter  while  feedincj  showed  that  the  shiners 
use  the  eyes  chiefly  in  capturing  their  foo<l.  A  hit  of  mc^at  dropjXMl  into  the  water  will 
usuallv  Im»  seized  instantiv  and  devoured  hefore  it  has  time  to  sink  to  the  lK)ttom  of 
the  tank.  After  it  has  fallen  to  the  InUtom  it  is  apt  tr)  he  long  overl(K)ked  unless  the 
tish  hapf)ens  upon  it  in  its  aimless  wanderings,  or  unless  its  attention  is  calle<l  to  it  h}' 
the  movements  of  other  fish(\*^  which  mav  l)e  eatintf  it.  These  fishes,  when  ohserved, 
are  usually  swimming  ahout  in  the  midch^pths  of  the  tank,  not  resting  near  the 
lK)ttoni.     I  have  ohs<»rved  the  s:im(»  hehavior  in  Mmiilni  and  other  large-eyed  species. 

The  l)ehavior  of  the  suckcM's  was  totally  diffident.  I'hese  fishes  lie  on  the  Inittoni 
most  of  the  time  unless  disturl>ed,  though  if  frightened  thev  are  verv  active,  swim- 
ming  i>owerfully  and  leaping  out  of  the  water.  When  fcKnl  is  thrown  in  they  never 
iKiv  the  sliifhtest  attcMition.  nor  are  th(»v  attracted  hv  the  sight  of  other  fishes 
strujrirlinir  f<>t*  the  meat.  Thev  are  exceedinglv  shv  and  nirelv  eat  when  under 
okservation.  Thev  lie  ciuietlv  nuich  of  the  time  or  swim  slowlv  alxmt,  dragmng  the 
fleshy  lips  of  the  highly  protrusihle  mouth  over  the  hottom  of  the  tank.  If  they  thus 
hapi^en  u}X)n  a  hit  of  nu^at  this  is  sucked  into  the  mouth,  worked  ov(*r  with  tlie 
pharyngeal  teeth  apjKirently,  and  then  often  ejected  forcihly  from  the  mouth,  to  l>e 
agsiin  taken,  jn^'haps,  and  the  process  re])eated— a  l)ehavior  very  chamcteristic  of  the 
wav  thev  take  the  hait.  1  am  told  hv  fishermen. 

ft  ft  ^ 

The  cattish,  like  flu*  suckers,  keep  strictly  to  the  hottom  of  the  tank.  They  are 
often  quiet  in  the  darkest  corners  or  lying  undcM*  dehris,  hut  much  f)f  the  time 
are  slowlv  dniirjriniT  the  mental  and  |K)st-mental  harhlets  along  the  lM)ttom.  The 
nasjil  l)arl)lets  are  held  projecting  well  upwai'd,  and  the  maxillary  Iwirhlets  are 
directed  outward  and  backward.  theiitip>  trailing  the  hottom  or  waving  gently  hack 
and  forth.  They  appear  fh^im*  to  use  their  eyes  directly  for  cjitching  focxl  to  the 
slightest  (h^gn^e  undcM*  the  <*f)nditions  of  these  experimtMits.  No  attention  is  pai<l  to 
partichv^  of  food  thrown  into  the  water.  (»v(mi  though  they  setth*  down  within  a  few 
millimeters  of  tlie  nose  or  harl)let  of  the  fish.     Th«»  on  I  v  case  ohserve<l  hv  me  in 

ft  ft 

which  th«»  eyes  seem  to  serve*  in  finding  f(K)d  is  when  a  large  piece  of  meat  is  thrown 
in  and  one  tish  In^jrins  to  •"worrv"  it.     His  movements  mav  attract  others  until  as 

^^  ft  • 

manv  fish  as  cjin  reach  it  are  all  tugging  at  it  at  once.  If,  however,  a  shadow  is 
caused  to  fall  upon  the  water,  as  hy  hovering  the  hand  over  the  aquarimn,  the  fishes 
an*  irreatlv  disturhe<l  and  dart  wildlv  ahout.     Thev  alwavs  seek  the  darkest  corners 

^^  ft  ft  ft  • 

of  the  tank  and  lie  under  dead  leaves  resting  on  the  l)ottom  of  the  tank  for  the  most 
part,  showinir  that  the  eves  are  not  hv  anv  means  functionless  and  the  fishes  are 

I  ^^  •  ft  ft 

strongly  negatively  phf)totactic. 

If  the  cat-fi>hes  in  the  course  of  their  aimless  movements  along  the  floor  of  the 
a<|uarium  touch  a  hit  of  meat  with  tin*  lips  or  harhlets,  it  is  instantly  seized  and  swal- 
lowed. Food  in  the  inunediate  neighl>orh<KMl  of  the  fish  is  not  discovered  at  cmce, 
hut  after  a  timeap|x^ars  to  affect  the  fish  in  some  way,  prohahly  through  the  sense  of 

'i.V"/ro/iix  hii.M  vcn  simill  tu)M'n*iihim  inipar  aikI  vacail  IoKm-s.  tin*  laltfr  S4-un-<-ly  lander  thnii  \u  tUo  tttii,  Mtiiidia.  &wi 
phvMfir'listonM  fishes  gononUly.  Fnmi  thif  one  may  safely  infer  that  cutaneous  terminal  buds  are  not  as  highly  developed 
in  thi»  form  as  in  the  largt^r  cyprinoiils. 
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smell,  as  the  inaxillary  harblets  hocr'm  to  wave  about  nK)re  actively  and  tiiiall}'  the  fish 
becomes  restless.  He  does  not  find  the  food,  however,  unless  in  the  course  of  his 
mov^'*ments  it  actually  touches  some  part  of  the  l)ody. 

Durint^  May  and  June,  1J)()2,  more  systematic  exi)eriments  were  undertaken  with 
these  fish,  and  since  these  experiments  are  typical  of  those  subsecpiently  jMM'fonned 
on  other  species  of  fishes  1  shall  recount  them  in  some  detail.  At  first  a  few  s[MH*i- 
mens  were  t4iken  out  in  a  shallow  tray  and  the  attempt  made  to  feed  th(»m  in  various 
ways  under  close  observation.  They  were,  however,  so  nuich  frightened  by  the 
exix)suie  to  brit^ht  dayli^jflit  and  l)y  the  proximit}'  of  the  observer,  in  spite  of  all  pre- 
cautions, that  no  reactions  could  beolitained  which  were  at  all  satisfactory.  A  bit  of 
fresh  meat  on  a  loncf- handled  needle  could  be  thrust  slowlv  toward  the  fish  as  he  lav 
(juietly  on  the  l)ottom,  rub])ed  over  his  Ixxly  or  on  the  bar})leb^,  and  even  over  the 
lips,  without  evoking  a  movement  of  any  kind  in  response.  The  same  observation 
was  made  with  the  spotted  suckers.  The  fishes  in  l)otli  cjises  had  been  without  food 
for  several  days  and  were  vei'y  hungry,  but  were  obviously  too  much  frightened  to 
respond  to  the  food  stimulus. 

On  another  occasion  the  same  conditions  wmm'c  prepannl,  except  that  a  few  dead 
leaves  were  littennl  over  the  bottom  of  the  tray.  The  fish  when  placed  in  the  tmy 
immediately  sought  the  shelter  of  the*  l(*aves,  and,  after  a  suitable  interval  to  enable 
th(»m  to  become  accustomed  to  th(^  |)lace,  the  feeding  experiments  were  rejwated. 
Selecting  a  fish  which  was  entii'cly  concealed  undcM*  a  largi^  leaf,  save  for  a  projecting 
bai'blet,  a  bit  of  meat  on  a  slender  win*  was  gently  passed  down  into  the  wat(»r  in 
such  a  way  as  to  touch  the  pi'ojecting  barblet.  It  was  instantly  seized  and  swallowed. 
This  was  n»p(»ate(l  many  times  with  s(»veral  of  the  fishes. 

In  subse<|uent  experiments  the  fish  were  not  removed  from  their  own  tank,  Init 
the  water  was  drawn  ofi'  so  that  it  was  only  about  six  inches  deep.  Here  they  would 
lie  inider  the  leaves  and  the  experiment  <*()uld  be  continued  with  a  mininuun  of 
disturbance  to  the  fishes.  The  experiment  of  touching  the  barldet  with  meat  was 
repeated  hundreds  of  times  with  an  almost  invariable  result  that  the  fish  instantly 
turned  and  snapped  uj)  the  morsel.  If  the  meat  w^as  nu^ndy  held  ver}-  close  to  the 
i)arbl(»t  it  usually  produce<l  no  nvsponse.  The  reaction  was  ol)taine(l  ecjually  well,  no 
matter  which  barblet  was  touched. 

In  a  later  series  of  experiuKMits  I  foimd  that  the  fish  would  almost  always  turn 
and  s(»ize  the  meat  if  he  were  touchcMl  at  any  point  on  the  h(»ad  or  body.  If  the  tail 
of  the  fish  proje(;t(»d  out  from  under  a  leaf  and  th(*  skin  n(»ar  the  root  of  a  tail  fin 
w^en*  touched  with  m(*at  tin*  fish  would  tui'n  and  seize*  the  nn^at.  This  reaction  was 
not  so  unifonnlv  made  at  first  as  that  from  tin*  ])arblets,  but  after  a  dozcMi  or  so  of 
trials  it  followc^l  with  ecpial  promptness  and  uniformity,  the  fish  apparently  re<|uir- 
ing  a  little  practice*  to  l(*arn  the  mov(*m(*nt  p<*rfectly. 

The  experiments  last  described  wen*  rep(*ated  th«*  next  day  and  by  this  time  it 
wits  foimd  that  the  fishes  had  become*  so  tame  that  th(*v  would  take  the  meat  if 
offered  to  th(*m  in  the  open,  without  the  shelter  of  the  d(*ad  leaves,  though  not  so 
certaiidy  as  when  under  the  cover  of  the  l(»aves,  often  taking  fright  from  the  shadow 
of  the  oliserver's  hand  or  from  some  other  cause. 

In  none  of  thes(*  cjtses  did  the  fishes  appc^ar  to  see  the  Imit  or  to  i)erc(*ive  it  in  any 
wa\'  other  than  by  actual  conbict  with  the  skin  at  some  ix)int.     If  the  bait  were  held 
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a  moment  in  fi*ont  of  them  and  then  moved  .slowlv  awav  thev  would  not  follow  it. 

•  %  * 

If,  however,  it  touchi^l  a  Inirhlet  and  tlien  moved  rapidly  away  l>efore  the  li-sh  had 
time  to  seize  it,  then  the  tish  would  sometimes  follow  it  a  short  distanee. 

At  this  \K)\ut  the  relations  of  vision  and  smell  to  these  reactions  should  receive 
some  further  consideration.  These  younjr  li>he>,  like  their  adults,  sjkmuI  iimch  of 
their  time  huried  under  the  debris  of  the  bottom,  with  iwrhap^  a  harlilet  or  a  }K>r- 
tion  of  the  tail  only  projectintr.  liuler  the>e  cinumstances  it  is  easy  to  apply  the 
stinudus  to  various  part>  of  the  skin  with  the  assurance  that  the  contact  is  wholly 
invisible  to  the  tish.  Manv  such  e\'i)i*riment>  show  deci>ivelv  that  the  reaction  takes 
pla<-e  in  the  sjime  way  whetiier  the  tish  is  able  to  see  the  stinudu>  apj>lied  or  not. 
The  visual  factor  In'inir  >o  conclu>ivelv  ruled  out,  1  have  not  thoui'ht  it  necessarv  to 
blind  the  tish  for  further  control. 

This  conclusion  of  cour>e  imi>t  Ih'  limited  >trictly  to  li^h  of  the  sjKvies  and  ii^e 
under  i n vest ijrat ion.  It  bv  no  means  follows  that  thev  mav  not  subsenuentlv  learn 
to  use  their  i*yes  in  tindin<r  fo<Hl.  a*^  well  as  in  escapin<r  from  their  enemies.  Indeed, 
durin*r  the  later  ex|)eriments  of  this  >eries,  after  the  tishes  had  been  fe<l  for  several 
weeks  almost  dailv  with  meat  on  the  end  of  a  wire,  I  siiw  >ome  slitrht  evidence  that 
thev  took  note  of  the  bait  bv  the  >ense  of  sit^ht,  but  the  observations  were  in  no  cit*^ 
conclusive.  Whether  the  adult  Ain^im-ns  nrhnlnsn.s  ever  uses  the  eyes  in  the  <-apture 
of  food  I  have  no  definite  information,  thouifh  from  tln^  habit  of  sj)ending  much  of 
the  time  durint^  the  day  completely  buried  in  the  nuid  and  of  feedin<^  chiefly  at  night 
it  is  very  improl>able  that  they  do  so.  With  the  channel  <'at-tish,  lrtnJt(rn.s^  the  case 
is  certainlv  ditferent. 

Mr.  1.  A.  Field  tells  me  that  while  tishinif  for  b:iss  in  the  HIack  River.  Ohio,  he 
has  sometimes  caut^'ht  lar^a*  specimens  of  Irfuhirns  with  live  minnow.^  as  bait.  The 
current  wa>  swift  and  the  minnow>  were  kept  olf  the  lK)ttom  of  the  river  and  in 
motion  all  the  time.  At  the  meetin*:^  of  the  American  Association  for  the  Advance- 
ment of  Science,  at  Pittsbur«r<  'July  1,  n*'»*J,  in  the  cour>e  of  a  l)rit'f  rcjHirt  upon  these 
experiments,  1  asked  the  question  whether  anyone  evt'i'  cau*rht  a  cattish  on  a  sjkx>ii 
hook.  Dr.  L.  L.  Dvche  stated  that  he  ha>  occasionally  caujrht  the  channel  cat  {Irta- 
hir*if<)  on  a  sjK)on  in  a  small  laki*,  but  only  in  bri*rht  >unlitrht.  Dr.  Ki<renmann  stated 
that  Ltahinis  has  nuich  I  setter  evi's  than  Anniiirns.  Thev  are  not  onlv  larjrer,  but 
the  retinal  pattern  is  more  nearly  like  that  of  otlu'r  fishes,  while  that  of  Aiiti!»ir*(.s 
is  decidedly  degenerate. 

The  part  played  by  the  scmi.sc  of  Muell  is  nmch  more  ditlicult  to  determine.  As 
intimated  alMJve,  I  have  evidt'nce  that  the  gustatory  organs  of  the  skin  can  function 
onlv  in  contact  with  the  >;ii)id  .sul)stanct'.  The  most  hiirhlv  flavored  fcHHl  can  be  held 
within  a  millimeter  or  two  of  the  Iwrblct  or  lip>  without  calling  forth  tin*  chanu-ter- 
istic  instantaneous  reflex.  I  will  narrate  one  t*x|M»rience  which  was  many  timci? 
rejK'ated  in  a  variety  of  moditicjition>.  Thn'c  li>he>  wt're  lying  (juietly  under  a  small 
water-soaked  leaf.  A  bit  of  rather  stale  beefsteak,  with  a  strong  cnlor,  wa>  held  on 
the  tip  of  a  Hue  wire  over  the  edge  of  the  leaf  under  which  they  were  lying  and  sejMi- 
rated  bv  a  centimeter  or  two  from  the  no>tril>  of  tln'  ti>hes.  The  leaf  wjts  consider- 
ablv  corriHled  bv  det-av,  and  doubtless  the  odor  coulil  freelv  i)ermeate  it,  thouirh  it 
was  nearly  or  ipiite  opaque.  After  some  ten  M»cond>  the  flshes  l»eg;in  to  move  rest- 
lessly alx>ut  in  circles  under  the  leaf,  which  was  soon  swept  away  by  their  movements. 
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As  a  ruhi  the  lislios  swam  in  ujiitow  c'ircl(»s  close  to  the  bottom  and  for  a  lon^  time 
failed  to  find  the  meat,  thoufjh  thev  seemed  to  l)e  aware  of  its  j^eiieral  jM)sitioii  for 
thev  never  circled  far  awav.  If  the  meat  were  very  slowly  moved  across  the  a(iua- 
rium  the  fish  could  he  drawn  in  this  way  after  it  for  a  considemlile  distance,  though 
the  meat  was  never  found  unless  in  the  course  of  their  apparently  aindess  movements 
one  of  the  fishes  came  in  cont^ict  w^th  it,  when  it  wiis  instantly  snapi>ed  up. 

This  aimless  circlinj^  movement  may  1)C  termed  provisionally  the  KctkhK/  reac- 
tion,  since  it  is  so  ditTcrent  from  the  chanicteristic  movement  made  when  tlu»  stimulus 
is  in  <'ont4ict  with  the  l)ody  a  shari>  turn  of  the  hixly  and  instantaneous  seizinif  of 
the  1)siit — which  I  shall  i(tv\\\  i\\i\  tjH^sd  it  nnj  n  art  ion.  Unfortunately,  I  have  not  had 
opportunity  as  yet  to  carry  out  extirimtion  exjwriments  on  Aimtunifi  to  det(M'mine 
decisively  the  jMirt  played  by  tht*  olfactory  or<^an  in  this  reaction.  (Compare  the 
expt^riments  on  the  tomcod  narrated  Indow.) 

The  fishes  ujHin  which  these  ex|H'riments  were  jH'rformed  have  unfortunately 
lK»en  lost.  At  the  present  time  1  have  a  fresh  lot  of  Aim  lurnsivy  under  observation, 
and  have  already  verified  many  of  the  conclusions  nniched  with  the  first  lot.  But 
this  .second  colhH'tion  of  fish(»s  has  not,  at  the  time  when  this  report  is  submitted, 
been  in  captivity  lon*^  enou<i^h  to  Unome  sufiiciently  accustomed  to  their  new  sur- 
roundinj^s  to  feed  frei'ly  and  ft^arlessly.  After  some  months  of  further  prelimi- 
nary obs(»rvation,  I  hope  to  carry  on  experiments  which  may  shed  some  li*j^ht  on  the 
sense  of  smell  in  th(\se  fishes.  But  this  nuist  be  reserved  for  a  latter  rejxirt.  A  few 
subsecpient  observations  are  noted  on  pajj^es  27(>-271. 

AVe  nmst  content  ourselves  at  the  present  time,  then,  with  the  inference  that 
the  sense  of  smell  plays  at  least  a  small  part  in  these  reactions,  for  the  animals 
In^came  slightly  restless  in  the  proximity  of  the  stimulus,  thou<!fh  they  were  not  in 
contact  with  it;  this,  however,  appears  never  to  provoke  a  definite  reaction  of  seiz- 
in<(  the  food,  l)ut  merely  a  va^ue  reaction  in  search  of  food.  On  th(»  other  hand, 
physical  contact  with  the  irritatin*^  sulistance  causes  a  definite  and  precise  r(»action 
which  is  pnictically  constant.     This  points  either  to  touch  or  to  t^iste. 

To  te.st  the  relative  part  played  by  stimulation  of  these  two  sets  of  sense  or*^ans, 
the  followinj^  series  of  cxix'rimentHS  was  pi»rformed.  A  half  dozen  fish  in  an  aqua- 
rium wen*  tested  a  scon*  of  times  with  fresh  meat  on  the  tip  of  a  wire,  as  in  the 
previous  cases.  The  reaction  was  obtained  uniformly,  no  matter  what  part  of  th«» 
ImkIv  or  head  was  touched.  Half  an  hour  after  the  clos«»  of  these  ex|H'rim(»nts  a  bit 
of  cotton  wool  was  wound  around  the  tip  of  a  wire  and  the  fishes  were  tested  with 
this  exactly  as  tlK'V  had  been  with  the  meat.  For  the  first  six  trials  the  barbh^ts 
otdy  were  touched.  'V\\i\  fish  in  each  case  turned  and  seized  the  cotton  as  promptly 
as  the  meat  had  been  taken.  The  cotton  would  be  immediately  (lro|)pt»d.  After  a 
few  more  trials  the  fishes  would  «i:i»nerally  turn  when  touched,  but  would  check  their 
moveuHMit  before  the  cotton  was  actually  taken  into  the  mouth.  Several  spe<imens 
were  now  tested  on  the  trunk  with  the  cotton.  One  or  two  turned  completely  around 
and  took  the  cotton,  ))ut  generally  there  was  a  slight  movement  oidy  toward  the 
cotton,  which  was  checked  before  the  cotton  was  reachi'd.  Aft(»r  a  fi'w  furthei- 
tests,  the  fishes  would  usually  pay  no  attention  to  a  contact  with  the  cotton  on  the 
skin  of  the  body  and  the  reaction  by  the  bar)>lets  became  uncertain,  until  finally  the 
cotton  could  Iw  freely  rubbed  over  the  barblets  or  lips  of  some  of  the  individuals 
without  producing  any  response. 
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These  ex|>erimeiit>  were  uuuiy  times  i*e|K*aleil.  ?soiiietiineb  usinj(  white  cotton, 
sometimes  red  cotton,  and  sometimes  fresh  meat.  Tlie  reaction  was  uniformly  obtained 
with  the  meat.  If  at  the  ch>se  of  a  few  ex}x?riments  with  the  meat  a  minute  pledget 
of  cotton  was  suh*^tituted  for  the  meat,  there  was  feeble  or  no  resi)onse  from  rubbinj^ 
the  Ixxly  with  the  cotton,  thou<irh  uiH)n  touchintr  tlie  Imrblets  the  tish  would  usually 
turn  and  often  would  seize  the  cotton  and  drop  it  agiiin  at  once.  After  several  re}>e- 
titions,  the  tish  I Kvame  wholly  inditTerent  to  the  cotton,  no  matter  how  it  was  applied, 
or  they  would  if  touched  upon  a  l>arblet  turn  toward  it  without  ))itingit.  They  were 
now  again  tested  with  l>it>  of  meat.  This  they  took  as  eagerly  and  as  precisely  as 
l>efore,  showing  that  they  were  >till  hiuigrv. 

After  the  interval  of  a  day  or  two  the  lishe>  would  still  apjK'ar  to  rememlKM*  the 
cotton,  and  1  nirely,  after  the  tirst  trial>,  got  a  prompt  •*gu>tatory"  refl(*x  with  the 
cotton.  If  they  noticed  it  at  all,  they  would  turn  slowly  and  touch  it  with  the  lif>sor 
a  Imrblet  in  a  tentative*  or  in<|uiring  manner,  only  to  turn  away  again  without  taking 
it  into  the  mouth.  This  (lelilK.M*at4'  movement  may  lie  de>ignat^'d,  for  re;isons  to  appear 
immediatelv.as  the  ttirtlJr  nlf<.i\  as  distinguished  from  the  instant  s4Mzingof  food,  the 
' *  gustator V  reflex .  '* 

These  exjXM'iments  seem  to  show  that  in  the  reactions  to  the  meat,  lK)th  from  the 
l>arblet  and  from  the  skin  of  the  iKxly.  the  senses  of  tiiste  and  touch  lx>th  luirticijwte. 
This  is  in  accord  with  the  known  innervation  of  the  skin  and  Imrblets,  for  all  j)arts 
of  the  IkkIv  surface  receive  general  cutaneous  (tactile)  nerves,  and  all  pjirts  are  plenti- 
fully provided  with  terminal  buds  (taste  buds)  which  are  innervated  by  communis 
(gustiitory)  nerves.  The  exi)eriments  further  suggest  that  thesi*  two  sensory  factors 
can  be  exix^rimentally  isolated  by  training. 

The  fishes  having  ))ecome  accustomed  l>v  brief  tniining  to  make  the  simple  reflex 
of  seizing  the  food  under  the  stinmlus  applied  to  any  j^art  of  the  Ijarblets  or  skin, 
and  doubtles*^  utilizing  l)oth  gustatorv  and  tactile  sensiitions,  the  gustatorv  factor  is 
eliminated  bv  the  su))stitution  of  cotton  wool  for  the  meat.  The  tactile  sensation 
alon(»  proves  to  b«'  sullicient  to  set  off  the  reflex  after  the  training  previously  given. 
The  stimulus  is,  however,  never  followed  by  >;itisfaction  and  i>  soon  given  up,  the 
fishes  after  further  pnictice  not  reacting  to  the  tactile  stinmlus  alone.  If,  howt»ver, 
tlu'  triistatorv  >ens;ition  i>  added,  bv  the  .Nub>tituti(»n  of  meat  for  the  c(»tton,  the 
original  reflex  i>  given  a^  promptly  a>  befon'.  This  would  seem  to  indicate  that, 
while  the  tactile  si»n.N;ition  alone  is  not  sufficient  to  maintain  the  n»flex,  the  addition 
of  the  ifustatorv  eh*uu'nt  is  sufticitMit,  and  tlaM'efore  that  the  gustatorv  elein«*nt  is 
the  es.>ential  element  in  setting  off  the  reflex.  This  hy}>othesis  wa>  tested  by  an 
extensive  series  of  exjK'riments  similar  in  plan  to  those  last  desi-ril>ed. 

In  genenil  there  wa>  no  noticeable  ditference  Ix'tween  the  reaction  to  the  white 
cotton  and  that  to  the  red,  though  in  some  caM's,  es|)ecially  toward  the  end  of  the 
series  of  exix*riment>,  after  the  fishes  had  learneil  to  pay  no  attention  to  white  cotton 
wlien  touched  at  any  point  by  it.  they  would  sometimes  turn  and  touch  the  red 
cotton  w  ith  the  lips  or  a  barblet,  immediately  to  turn  away  agam  without  biting  the 
cotton  as  they  did  at  flr^^t.  The  reaction  is  not  the  quick  turn  and  instant  seizing  of 
the  Iniit,  which  I  have  termed  the  ''gustatorv  reaction,*'  ]>ut  a  more  delil>emte  move 
ment  similar  to  what  I  termed  alnive  the  "tactile  reaction.*'  This  occurred  only 
when  the  cotton  was  in  plain  view  at  the  time  of  the  contact  and  is  probably  in  this 
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ctist*.  partly  a  visual  re.s|)oiise,  called  forth  by  the  similar  apiK^arance  of  the  red  cotton 
and  hits  of  JKiefsteak  on  which  they  were  habitually  fed.  It  was  not  by  any  means 
constant,  for,  in  j^eneral,  after  the  tirst  few  days,  contact  with  neither  color  of  cotton 
calh^d  forth  any  response  whatever. 

After  this  result  was  reac^hed,  I  dipju'd  the  pledgets  of  white  cotton  in  the 
filtered  juice  of  fresh  beef  and  touched  the  body  surfaces  and  barblets  with  them  in 
the  siune  way  as  before.  In  all  eases  I  j^ot  a  tv])ical '^ gustatory '' reaction  cxai'tly 
the  sanu'  as  with  the  meat,  and  this  n^action  i>ersisted  aftiM*  many  trials  with  no 
diminution.  The  cotton  was  tiiken  instantly  into  the  mouth  and  tugged  vigorously. 
No  amount  of  training  served  to  eiiKlicate  or  to  weaken  this  rellex. 

I  next  preinmrd  a  small  bulb  syringe,  with  the  delivery  tube  drawn  out  to  a 
very  line  point.  This  was  *illed  with  the  water  in  which  the  lishes  were  and  a  tine 
jet  dinu'ted  against  their  bodies.  They  either  paid  no  attention  or  were  disturljed 
and  swam  away.  I  now  substitutcid  for  the  water  in  the  syringe^  the  juice  of  mw 
beef  pressed  out  and  strained.  When  a  jet  of  this  fluid  wasdiiected  against  the  side 
of  tin*  bodv,  the  fish  alwavs  instantlv  turned  and  trit^d  to  tak(»  tlu'  end  of  the  svrinjjfe. 
The  reaction  was  identical  with  that  produced  when  a  corn^sponding  part  of  the  body 
is  touched  with  mw  meat.  1  invariably  got  the  reaction,  both  from  the  sides  of  the 
bodv  as  far  back  as  the  root  of  the  tail  tin  and  from  the  skin  of  the  head  and  barblets. 

1  also  tested  the  fishes  with  bits  of  r(»d  brick  held  in  forct»ps.  The  forceps 
seemed  to  frighten  the  fishes.  They  either  paid  no  attention  to  the  contact  with  the 
brick  (when  touched  in  such  a  way  that  they  could  not  see  the  point  of  contact),  or 
else  the  harsh  contact  set^ned  to  frighten  them.  I  then  touched  them  on  various 
parts  of  the  body  and  the  barldets  with  bits  of  }»rick  which  had  been  soaked  in  raw 
meat  juice.  In  most  cases  they  would  turn  and  touch  the  brick  with  tht»,  lips  or  take 
it  into  the  mouth,  }>ut  often  they  seemed  frightened  and  would  .swim  away.  I  then 
gave*  them  a  few  bits  of  meat  with  th(»  forceps  and  found  that  th(»y  took  it  eagerly, 
])eing  very  hungry,  ))ut  it  had  to  Im»  given  more  cautiously  than  with  the  wire,  as 
they  were  afraid  of  the  forceps  if  th(\v  saw  them  clearly. 

Next  I  dropped  bits  of  brick  which  had  l)een  soaked  in  meat  juice  in  front  of  the 
fishes  as  they  lay  under  leaves  with  the  barblets  projecting  bt^yond  the  edges  of  tin* 
leaves.  In  all  such  cases,  upon  touching  the  brick  with  a  barblet,  they  seized  the 
luick  and  bit  at  it  viciously.  Often  they  wouhl  return  to  it  a  second  or  third  timr 
and  try  to  bite  it.  1  dropped  similar  bits  of  brick  which  had  not  been  soaked  in 
meat  juice  in  front  of  tluMu  in  the  same  way,  l)ut  they  paid  no  atti'ntion  to  them,  or 
in  a  few  cases  they  would  touch  them  with  the  barblets  and  then  swjni  away  again 
(•'tactile"  reaction).  They  never  attempted  to  bite  them.  C'hnirly  they  taste  the 
meat  juice  in  the  bricks  when  they  ure  touched  by  a  lKirl)let,  and  the  experiment 
when  the  bodv  was  touched  1)V  a  similar  brick  held  in  forceps  shows  that  thev  taste 
the  juice  by  the  body  also. 

On  one  occasion  1  tested  the.  fish(\s  with  pieces  of  cooked  meat  that  had  been 
long  lu^iled  so  that  nearly  all  of  the  extnictives  were  drawn  out.  The  experiments 
were  conducted  jwst  like  those  with  the  raw  m«'at,  but  the  fishes  gave  by  no  means 
so  clear  reactions  to  it.  Upon  touching  the  sides  of  the  body,  the  fishes  usually  paid 
no  attention  to  the  stinudus,  treating  it  just  as  they  did  cotton.  I  then  touchr'd  the 
Ittirblets  a  few  times,  and  to  this  they  would  gi»nerally  react  by  turning  and  Uiking 
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tlu;  meat,  but  not  always  nor  .mj  promptly  a.>  with  fre>h  meat.  l'ix>n  testinjif  the 
sides  of  the  UkIv  a*r»ii»»  after  this  I'Xperienee  1  j^ot  a  reaetion.  The  H>he>  would  turn 
and  toueh  the  meat  with  the  harhlet  or  lip>  lK»fore  takinjr  it,  rarely  <rivin<^  the  (piiek 
reaetion  ehaniet4*ristie  of  fre>h  meat.  Evidently  tlie  eooked  meat  hits  less  tit^te  to 
the  tishes  than  fresh  meat  and  tlii<  interf«*re>  with  the  reaetion.  Thev  eat  the  eooked 
meat  when  thev  are  sure  that  it  i>  edihle. 

The>e  ex|)eriments,  all  of  whieh  were  many  timo  reju'ated  and  eontrolled,  1 
think  show  eonelu>ively  that  praetiially  the  wlu>le  lutaneous  surfa<e  i>f  Ain'i»irti.s  is 
st»nsitive  to  Injth  taetile  and  i5u>tatorv  >timuli.  and  that  the  latter  eall  forth  eharae- 
teristie  reflexes  whieh  aie  of  th<'  ^rreati'^Nt  value  to  thf  li>h  in  proeurin<^  foiKl.  The 
ti>h  normallv  reaets  to  eonta(l>  on  the  IhkIv  I»v  lH)th  tviK'>  of  stinudi  -  to  the  mere 
taetile  stinudus  (if  at  all)  hy  a  ti'iitative  movement  caleulati'd  to  hriuif  the  doulitful 
suhstunt'e  into  contaet  with  the  more  hi^^hly  .sensitive  harhlet.^  or  li|is,  hut  to  the 
ta<*tile  stinudus  aeeompanie<l  hy  the  }^»'ustatorv  hy  an  immediate,  nipid.  and  preei.>.e 
movement  ealeulatinl  to  s«'ize  the  foiwl.  This  latter  reflex  is  unvarying  and  is  very 
IH»i*sistent  under  a  trn^at  variety  of  forms  of  stinudation.  The  former  ("  tiictile'') 
reflex  is  less  stable,  and  mav  Ik*  rea<lilv  eliminat<'d  hv  a  >imple  et»ur>e  of  tniiiiinir. 
Clciirly  the  jjfustatory  element  of  the  >en.sjition  complex  resultinj^  from  a  ronta^'t  with 
a  sapid  suhstanre  is  mon'  iminirtant  than  the*  tactih'  clement. 

It  is  clear  that  in  order  to  call  forth  the  iharacteristic  "j^ustiitory "  reflex  the 
stinudu>  nuist  1m'  quit^*  stronjr  and  rather  sharply  locjdized.  For  when  there  is  only 
a  small  amount  of  meat  juicr  diffused  throuifh  the  water,  as  by  the  presence  of  a 
piece  of  fresh  meat  near  flu*  fish,  he  i>  not  able  to  lo<*;ilize  it  accurately,  but  exhiljits 
onlv  the  **s(»ekinir  reaction."  I  have  not  a>  vet  Ik'cu  able  to  convince  mvself  whether 
the  fish  could  accuratelv  Unalize  a  stron<r  and  >liari)lv  locjdized  tru>tatorv  stiuudu> 
with  no  ta<tile  element.  In  all  the  exiH*riment>  in  which  meat  jui<*e  w:t<  directt'd 
ajTiihi^t  the  iMnly  with  a  pipette  or  >yrin»i-e  there  wa»N  dou)>tle»  some  tactile  effect 
pHnluced  by  tlu'  imi>aet  of  the  jet.  We  know  fi'om  tln' exiM-riments  that  pure  taetile 
stiumli  can  U*  a<'eurat*'ly  localized  on  the  >kin,  an<l  there  can  be  no  doubt  that  under 
normal  condition^  the>e  a>sist  in  the  loealization  of  the  f<MKl  objci-t.  C'omjian*  the 
further  di>eus>ion  in  the  -\d(h'ndum.  pa^'"e>  *jTn-271. 

KXl'KKIMKNTs    oN    (;aIM)I1)    FISHES. 

The  preiedintr  <'X|M'riment>  wi'i'c  all  c-ariied  n\\  in  the  z^Mihij^ical  lalK>nitorv  of 
DeiHson  Iniversitv:  the  exiH'rimi'nts  on  marine  fishe^  whieh  follow  wvw  made  durin«>' 
the  sunuuer  of  l'.H»2  ut  the  I'.  S.  Ki>h  C'onunission  laUinitorv  at  \V(kk1s  IIoK'.  The 
feedinjr  reactions  of  thret'  tvjHv^s  of  <radoid>  wt're  studied,  viz,  youn*^  |N»ll<N-k  (/'///</- 
rhtins  /'//v //.v),  alH)ut    lo  cm.  loniri  hake  {i  rnftln/*i.s  A /////.s).  alH)ut  2n  cm.   lon<^.  and 

yOUn<r  adult   tomC(Hl   (Mn'lUHjtuhix  Iniitrml). 

As  is  well  known,  the  hake  and  tomccnl  have  a  mental  barblet  whieh  i>  known  to 
lie  abuuilantly  set  with  terminal  buds  and  whiili  receives  lN>th  communis  and  ^en(»nd 
cutaneous  innervation.  In  all  three  tyjH-s  the  lips  are  freely  supplied  with  ternnnal 
bud.^  an<l  there  is  a  re<urrent  bninch  of  the  facial  ner\ c.  the  ninms  lateiiilis  a<*ces- 
sorius,  which  carries  comuuuiis  filn'rs  into  the  trunk  to  supply  terminal  buds  found 
on  the  fins,  es|M*cially  the  free  rays  of  the  vi'utral  or  pelvic  fins.  The>e  fins  are  far 
forward  under  the  throat.     In  the  iK>llock  they  are  but  little  modified;  in  the  touK-od 
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two  niys  are  iil)out  twiro  as  lon*^  as  the  others  and  for  alK)ut  lialf  th<Mr  lenjicth  they 
project  freely  below  the  rest  of  the  tin.  In  the  hake  all  of  the  ray>  of  this  tin  are 
suppressed  save  these  nioditied  free  niys,  so  that  the  tin  is  tilliforiu.  hranehed  at  the 
end.  Microst'opie  examination  shows  that  the  terminal  huds  are  more  ahundant  on 
the  mon*  hiijfhlv  moditied  tins.  The*  hak<»  also  has  a  fret*  tilament  on  the  dorsal  tin 
prodih!ed  hy  tlu»  (Extension  of  the  third  and  fourth  niys  beyond  the  others.  I  have 
not  examined  this  free  tilament  mieroscopically,  hut  know  that  it  receivt*s  conununis 
tihers  from  the  r.  latemlis  aecessorius.  and  hav(»  no  doubt  that  it  also  luis  numerous 
terminal  buds,  as  the  expt^riments  show  it  to  bo  very  s(Misitive  to  gustatory  stimuli. 
The  pollock  have  very  lar*^e  eyes  and  are  excellent  visujdizers.  When  food  is  thrown 
into  the  water,  they  dart  for  it  and  in  ^iMieral  they  take  their  f(K)d  by  the  visual  reflex. 
So  keen  is  the  vision  that  it  would  ])e  ditticult  to  carry  on  any  exiMM'iment.N.  such  asi 
have  done  with  the  other  two  species,  without  lirst  blindin<i:  the  lish.  Nor  do  they 
habitually  dni^  the  bottom  with  the  free  ventral  tin  niys  as  the  others  do.  1  have, 
therefore,  not  (h»voted  nuich  attention  to  this  species,  preferrinj^  to  study  more  care- 
fully those  s|MH'ies  in  which  the  <rustatorv  n»tlex  plays  the  j^reater  ])art  in  the  life  of 
the  tish. 

Tin  hah't  (( mphifcis  ftmifM),  Tlu^sc  ti>he>.  like  the  tomc(»ds.  readilv  adapt 
themstdves  to  life*  in  caiJtivity,  and  are  <»asily  cxiH»rimented  uiH)n  in  small  tanks. 
They  are  excidlent  visuallzers,  thouj^h  not  so  nmch  so  as  the  pollock.  When  bits  of 
meat  are  thrown  int<»  the  water  thev  usuallv  catch  them  before  thev  fall  to  the 
bottom,  and  their  ketMi  vision  nnikes  ditlicult  such  c\p(*riments  as  I  carried  on  with 
the  cat -fishes.  They  do  n(»t  si'cm  to  re<-o<^ni/e  by  sii^*-!!!  food  lyin*^**  on  the  bottom,  but 
only  wla»n  it  i>  in  motion.  \\\\{  bits  of  meat,  tish,  or  clam  lyin*:'  on  the  bottom  are 
usually  found  by  the  aid  of  the  fret'  ventral  tins.  Tln'se  tishes  spend  much  of  their 
time  in  slowly  swinmiin*^  in  Jin  appan^ntly  aindess  manner  close  to  the  bottom  of 
their  tank.  Durin*:^  these  movements  the  lilanuMitous  pelvic  tins  are  >o  Indd  that 
their  tips  dra^  the  bottom.  These  tin  rays  are  <|uite  Ion*;,  and  they  are  usuallv 
directed  obli<piely  forward,  outward,  and  downward,  with  tin'  two  branches  of  each 
tin  widely  divari<*ated,  so  that  the  four  tips  touch  the  »rround  in  a  line  tnmsverse  to 
the  body  axis  at  about  the  level  of  the  mental  barldet.  In  this  way  the  bottom  under 
the  tish  and  for  a  short  distance  on  either  side  is  thorou«rhly  explored  a.N  the  tish 
swims  over  it,  and  all  food  i)articles  with  which  the  barblet  or  free  tin  ravs  come  in 
contact  are  taken  l>y  a  quick  and  preci>e  movement  similar  to  that  set  oH*  in  the 
siluroids  hy  contact  with  their  Imrblets.  Hit>  of  meat  or  clam  on  the  end  of  a  sleneU'r 
wire  could  be  laid  on  tlu'  bottom  of  the  lank  an<l  tluMi  slowly  moved  up  under  or 
behind  the  tish  and  the  I'etlcx  from  the  ventral  tins  tested  in  this  way.  Such  exjMM'i- 
ments,  however,  had  to  b(»  made  with  ^reat  caution  and  many  times  repeated  to  rule 
out  iH)ssible  visual  sensations  which  likewise  call  forth  an  innnediate  rell(»x. 

Hateson  ('1*0, /^)  records  similar  reactions  with  the  rocklino  { MofJ/t/)^  a  vtikUM 
tish  with  the  same  jrenenil  structure  and  distribution  of  terminal  buds  as  th(*  hake, 
but  with  better  developed  barblets.  (On  the  structure  of  the  pelvic  tins  of  Mnf^lhi 
compare  Hat4\son\s  account  on  p.  214  with  that  on  p.  ^1?>\  of  the  same  volume.) 
Bateson.  moreover,  j^ot  the  stune  reflex  with  tishes  which  had  been  blinded,  and  I  have 
not  thoQj^ht  it  necessary  to  repeat  this  ex|M'riment,  for  my  tishes  »rive  sutlici«'ntlv 
clear  evideuce  that  thi«  reflex  from  the  tins  is  wholly  independent  of  vision.     We 
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have,  however,  to  investi<rrtte  tht*  pjirt^  played  l)v  taetih\  trustatorv.  and  olfactory 
sensations. 

HatesonVs  remarks  ('l»o.  //.  p.  214)  in  thi.>  connection  on  the  rocklin*^  may  tw* 
(juoted  here.  The  three-ln^arded  and  the  five-bearded  r(K*klin*r  aie  nocturnal  and  lie 
still  all  day. 

<ifinTally,  ]M)tli  the  animals  takt*  iu»  iiotirt*  <»f  f«MMl  until  it  has  lain  in  the  water  some  minute**, 
when  they  start  <»ff  in  st^inh  <»i  it.  The  n»cklin}j:  searches  hy  si'ttin^;  its  tilamentous  pelvic  fins  at 
rijfht  anjrles  to  tlie  InMly.  and  tlun  >\vimminj:  alK*ut  iVvlini:  with  them.  If  the  tins  touch  a  piece  of 
fisli  or  otlier  s«>lt  UkIv,  the  nnklinL'  turn.-  it<  h^ail  rnun«l  an<l  snaps  it  up  witli  ^reat  quickness.  It 
will  even  turn  roun«l  ami  examine  inn-atahle  sul stances,  as  irla^^s,  etc.,  which  <-ome  in  contact  with  its 
tins,  an<l  wliich  pre>nmal»ly  .<t'fm  !••  it  tn  riMjuin*  an  ex|tlanatinn.  Tin*  r<Kkling>*  have  ^reat  j>owerH 
of  s<'ent.  ami  will  set  «»ff  in  .H*arch  •»!  mt*at  hi<hlen  in  a  lM)ttlc  Huik  in  the  water.  Morefiver.  a  blind 
r«x*klinjr  will  hunt  for  its  i'^mmI  an<l  liml  it  as  t^asily  as  an  uninjure<l  one. 

The  alH)ve,  taken  in  connection  with  other  i>jissage>.  shows  that  this  author  con- 
siders that  the  food  i>  found  larjrdv  hv  scent,  and  that  the  tin  reaction  is  essentially 
tactile,  thou*^h  he  has  seen  the  .-itMise  orpins  on  tlie  p«dvic  tins  and  recognized  their 
resemlilance  to  tast<*  huds. 

Kxamination  of  stomach  contents  >how>  that  thi'  normal  food  of  the.se  hake  is 
largely  crustaceans,  jmrticidarly  .shrimps.  1  titted  up  a  tank  with  some  .seaweed  and 
put  into  it  a  largt*  niunlxM*  of  prawns  (Ptihunnintts),  mostly  living,  Imt  some  dead. 
UiH)n  putting  the  hake  into  this  tank,  they  immediately  ate  some  of  the  dead  prawns 
from  the  bottom  and  afterwards  caught  the  live  ones,  Init  verv  slowlv  and  with  manv 
failures.  Tht»  res|K)nM'  >eems  to  l)e  wholly  visual.  The  tishes  would  rej^eatedl}' 
jMi.'^s  directly  over  living  prawns,  touching  them  with  the  tins  or  Inking  brushed  by 
their  antenna',  but  so  long  a>  the  cru>taceans  were  (juiet  th(\v  seemed  not  to  notice 
them.  If,  however,  a  prawn  was  killed  and  crushed  and  thrown  Imck  into  the  water, 
it  was  immediately  found.  I'pon  another  occasion  I  put  a  live  clam  into  the  tank 
with  the  hake,  v  here  it  remained  for  several  day>,  with  siphons  greatly  extended. 
The  tishe>  repeatedly  bru.-^hed  over  this  si])hon  with  their  free  tins,  })ut  never  jjaid 
any  attention  to  it,  though  if  a  similar  siphon  were  cut  otT  from  a  live  clam,  so 
as  to  allow  some  of  the  juices  to  escape,  it  would  be  immediately  taken  and  eateu. 
Evidentiv  lixe  food  is  riot  <learlv  located  l)V  the  c^ustatorv  or<nins  of  the  tins. 

Beside-*  obsciving  as  fully  as  po>sible  the  normal  feeding  habits  of  the  hake,  I 
ex|MMimented  upon  the  reactions  to  stinuili  applied  to  both  the  pelvic  and  the 
tilamentous  dorsal  tins.  As  mentioned  bv  Hateson,  the  ])elvic  tins  are  fn^elv  used  to 
«»xplorc  all  manner  of  substances  w  Inch  may  attract  the  notice  of  the  H.sh,  whether 
edible  or  not.  After  tiiesi'  tishes  have  bei-onii'  accustomed  to  lK?ing  fed  small  bits 
of  meat  or  clam  i>r  mussel  {Mn(/inhi)  in  their  tank,  thev  inujiediatelv  swim  toward  anv 
small  unfamiliar  lM)dy  with  the  |>4'lvic  tins  thrust  forward  to  touch  it  before  the 
mouth  n^aches  it.  Sometimes  the  tips  of  these  tins  close  over  it  with  a  movement 
stronirlv  sujrifestive  of  irni^pinof.  thouirh  of  course  this  the\  can  not  do. 

Fpon  testing  by  contact  with  meat  or  other  bait,  the  free  dorsal  tilament  i.s 
found  to  Ik'  quite  as  sensitive  to  gustatory  stinudi  as  the  tilamentous  ventnils.  The 
reflex  in  this  case  is  very  chara«*teristic  and  constant — the  fish  upnin  touching  a 
.savorv  morsel  checks  its  forward  movement  and  immediatelv  '*  l)acks  water"  so  as  to 
revcrjie  the  movement  of  the  lx>dy  until  the  object  is  directly  al>ove  the  mouth,  when 
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it  is  taken  at  oiuc.  This  retlcx  usually  (tliou^^h  not  so  invariably)  follows  ii  contiu^t 
of  meat  uiK>n  any  jxirt  of  the  dorsal  tin,  a>  well  as  tlie  free  lilanient.  The  reflex 
rarely  fails  when  any  one  of  the  tilainentous  tins  is  touched  hy  freshly  cut  meat. 
After  meat  has  been  in  the  water  for  fifteen  mimites  or  more  it  seems  to  lost^  its 
savor  and  the  tins  may  he  repeatedly  dni*i^<i:ed  over  it  without  eallinti'  forth  u 
resi)onse,  and  the  sjime  is  true  of  the  barhlet  and  lips. 

1  tested  the  filamentous  fins  with  a  wisp  of  cotton  wool  on  a  fine  wire,  as  I  did 
the  eat-fishes.  It  was  rarely  noticed  at  all  by  the  pelvic  tins,  but  at  the  first  contact 
with  the  filamentous  dorsal  the  fish  reaet4»d  just  as  he  did  to  meat  with  which  he  had 
been  teste<l  inuuediately  In^fore.  U|K)n  repetition,  tlie  response  was  soon  discon- 
tinued. Foi*  a  few  test-s  the  fish  would  pause,  and  perha|)s  Iwu-k  up  slowly  so  as  to 
smell  the  suspiciou.s  object  or  touch  it  with  the  barbh^t,  IkU  it  was  not  taken  into  the 
mouth.  After  from  two  to  ten  tests  no  further  attention  was  paid  to  the  cotton,  or 
the  fish  w<mld  pause  a  monu'nt  without  backintr  up.  This  ex|H'riment  wa.*<  many  times 
repeated  in  the  cours<»  of  the  first  day  of  its  trial  and  daily  then»after  for  Nonie  time. 
If  thrive  or  four  hours  intervened  between  two  seri(»s  of  about  twt»ntv  tests,  the  first 
one  or  two  tl^sts  of  the  second  series  mi^ht  be  followed  by  an  incomplete  reaction, 
but  after  that  usually  no  notice  was  taken  of  the  cotton.  The  fi>hes  apparently 
remembered  the  precedinj:^  testes.  Hut  if  more  than  twenty-four  hours  intervened 
between  tests,  the  process  of  tniininjif  usually  had  to  be  ^one  over  a<^ain. 

The  fact  that  the  hake  does  not  a|)pear  to  rememb(»r  the  dillVirence  between  the 
pure  bictile  stimulus  and  the  tactile  plus  the  i^ustatory  for  so  lonjx  a  time  as  the  cat- 
tish does  is  prolwibly  to  be  ex])lained  by  the  fact  that  the  number  of  taste  buds  on 
the  filamentous  fins  of  the  hake  is  nuu*h  less  than  that  on  the  i)arblets  of  the  cat-fish, 
and  therefore  the  jifustatory  (*lement  in  the  sensation  complex  is  doubth^ss  nmch  less 
in  the  hake.  The  wdiole  course  of  the  cxperiment>  indicates  that  thc»  response  is  in 
fact  nmch  more  strontjlv  tactile  in  the*  hake. 

I)urin<(  the  course  of  these  experiments  I  oft^'u  alt4'rnated  bit>j  of  meat  with  the 
cotton  wool,  and  at  other  times  su))stituted  cotton  that  had  U'cn  soaked  in  <-lam  juice. 
In  Unvse  cases  1  always  j^ot  tlie  chanu't^'ristic  <j^ustatorv  n^action  by  all  of  the  fihimen- 
tous  fins,  no  difference  bc*inj^  observai)le  l»etw(»en  tin*  reaction  to  meat  of  <*lams  or  fish 
and  that  to  cotton  soaked  in  filtered  clam  juice. 

1  also  tested  the  hake  with  i^'-elatin  which  had  been  soaked  up  in  cold  water. 
Shreds  of  the  w^ell -softened  *relatin  were  fastened  to  the  end  of  a  wire  and  brou*i^ht 
into  <'ontactwith  the  ImkIv  >urface.  The  reactions  were  identical  with  those  obtained 
with  whit^'  cotton.  The  ifclatin  shreds  are  verv  nearlv  coK>rless  and  absolutelv 
tasteh»ss  to  my  tongue.  Hut  to  the  sense  of  touch  they  are  almost  exactly  the  sann* 
jis  the  bit>  of  fresh  clam  meat  with  which  most  of  these  ex])eriments  have  been  <-on- 
duct^nl.  The  hake  at  first  would  take  the  l)ait  when  thi»  filamentous  dorsal  was 
touched,  Imt  if  the  jrelatin  was  taken  into  the  mouth  it  would  be  immediately 
rejected,  and  after  a  few^  trials  the  fish  would  no  lon^n'r  resiH)n(l  to  the  stinndus. 
He  acted  in  the  sjune  way  when  the  iKilvic  fins  were  stinmlated.  Shreds  of  the 
softencil  *jfelatin  fallinj^  through  t\w.  water  were  somc^times  noticed,  but  nirely  taken 
into  the  mouth,  and  if  so,  were  inuuediatelv  rejected.     Similar  shreds  IvinL' on  t\w 

ft  ^  ft  c"^ 

bottom  were  netrlected,  even  thou*^h  the  bariiiet  and  filamentous  tins  dra<'*<'*cd  over 
them  repeatedly. 
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I  next  took  small  clam  sholls  that  had  l>oen  lyin^  lotifj  in  the  tanks  containing 
the  tish  and  wciv  thorouorhlv  ch^anod  of  fleshy  matter  and  which  the  tishes  had  not 
jxiid  any  attention  to  for  (Liys.  These  I  dried  and  warmed  and  then  tilled 
with  meltinl  jj^elatin  which  had  l»een  previously  softened  up  in  cold  water.  Upon 
coolincr  thcM-e  results  a  mass,  colorless,  tit^teless,  and  odorless,  which  feels  almost 
exactlv  like  the  flesh  of  the  clam,  which  has  often  l)een  fed  to  the  tishes  in  this  wav. 
r|K)n  droppincr  these  shells  into  the  water,  th(^  tishes  eajrcrly  snatch  them  up,  feel  of 
them  with  the  lips  or  harhlct,  and  then  hite  into  the  <relatin.  Thev  imnuHiiatelv 
reject  the  <^elatin  and  they  never  repeat  the  prcn^ess.  Kvcn  if  they  dniw  the  tins  or 
Iwirhlets  rei>eatedly  over  the  shells  and  the  contained  jrelatin,  they  never  ajrtiin  pay 
anv  attention  to  th(Mn. 

I  also  re|M*ated  with  the  hake  the  exin^riments  which  1  had  previously  carried 
out  uix>n  the  cat-tish,  usinjx  Ji  tine-jK>inted  pi|H»tte  and  s:ipid  solutions.  The  tishe.s 
were  in  all  cases  rirst  teste<l  with  sea  water  taken  from  tht»  tank  in  which  thi»v  were 
swimminjr.  On  one  o<*casion  (the  tirst  test  made)  a  jet  of  water  directed  ajfainst  the 
filamentous  dorsal  was  followed  hy  the  chanicteristic  Iwickward  movement  of  the 
tish,  so  that  he  Anally  n»ceived  the  jet  in  the  face.  He  turned  and  tried  to  bike  the 
]X)int  of  the  pi|M'tte  in  his  mouth  -a  puivly  tactile  reflex  api>arently.  This  ies|K)nse 
1  never  <rot  aifjiin  with  this  or  anv  other  tish,  thou<rh  (H*<*jisionallv  the  fish  would 
stop,  hesitate  a  moment,  and  then  swim  on,  i):iyinj^  no  further  attention  to  the 
stimulus.  If  the  jet  of  water  is  directed  aj^iinst  the  [ndvic  fin  while  it  is  extended 
and  searchinjif  the  lM>ttom  for  food,  the  tin  is  usually  quickly  withdniwn  and  pre.ssed 
ajrainst  the  side  of  the  IkkIv. 

The  pi|>ette  wjis  th«Mi  fille<l  with  the  freshly  pn^pired  and  strained  jui<'e  of  the 
mus.sel  (J//'///V/A/),  and  this  was  dire<-t4»d  aj^ainst  the  fish  in  tlu»  siime  way.  The  fishes 
resjKmded  instantly,  just  a>  when  stiniulat4>d  by  meat,  whethiM*  the  jet  wits  directed 
a<r»ii"*^t  the  filamentous  dorsjil,  or  the  dorsal  fin  at  anv  ])art,  or  the  si(h»  of  the  IkxIv, 
or  the  free  }><'lvic  fin.  The  n^flex  i>;  inunediate  anci  unmi>takable.  more  shai*ply 
<lefin<^l  than  I  usually  <r<'t  hy  contart  with  the  meat  of  the  sjime  nuissel.  The  experi- 
ment was  many  times  re]K»ated,  alway>  with  the  n»sult  that  the  jet  of  water  was 
iofnored  or  avoided,  while*  the  jet  of  nuisMd  or  clam  or  cnih  juice  was  eajrerly  sought, 
the  fish  usually  snapping  at  the  end  of  the  pijH»tt4». 

1  have  carritMl  out  no  systematic*  chemimi  exji<^riments  to  determine  the  gustatory 
preferences  of  the  fi>hes,  having  shajMnl  my  ex|xn-iments  so  far  Jis  jiossihle  ah)ng  the 
lines  of  the  n<u'mal  fe^Mling  habits  of  the  species  studied.  Nagel  and  some  other 
previous  students  of  these  prohh»ms  have  relied  chiefly  on  reactions  to  unph^i.<^nt 
stinndi,  and  the  reader  is  refern»d  to  their  works,  though  I  consider  this  a  less  satis- 
faetorv  line  of  in(iuirv  than  the  studv  of  normal  reactions  to  food  substances.  The 
few  frsigmentarv  observations  which  1  have  made  with  chemicid  stimulants  I  shall, 
how^ever,  record  in  their  appropriate  pla<*es. 

S|MM'imens  of  hake  were  tested  with  a  m.*>  per  cent  solution  of  hydi'ochloric  acid 
made  ui)  in  distilled  water,  the  a<'id  lMMn*r  directed  airainst  the  IkmIv  bv  means  of  a 
fine  pi|>ette.  The  doisjd  and  vtMitr.il  tins,  the  sides  of  the  lx>dy,  and  the  lips  were 
teste<l.  When  fii^st  tested  on  the  fins  one  hake  turneil  and  tried  to  take  the  pi|iette, 
much  its  he  did  with  the  clam  juice.  Afterwards  this  fish,  jis  well  as  all  the  others 
from  the  first,  seemed  rather  to  dislike  the  acid  and  would  swim  slowlv  awav.     There 
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is  no  constant  reaction,  however,  and  in  fact  the  fishes  act  verv  much  as  tliev  do 
when  a  jet  of  simple  sea  water  is  directed  ajifainst  them.  Th<\v  do  not  appear  to 
dislike  the  acid  intensely.  Later  1  tested  these  lishc»s  with  a  1  per  cent  solution  of 
hydrochloric  acid  in  sea  water.  This  is  decidedly  unpleasant  and  is  uniformly 
avoided. 

The  (^xj^'riments  recorded  seem  to  show  clearly  that  the  hake  receiv(»s  both  tiic- 
tile  and  mistatorv  stinmli  hy  means  of  the  free  fin  nivs  and  to  some  t^xtent  doubtless 
by  other  parts  of  the  outer  bcxly  surface.  What  role  may  be  playiul  by  the  sense  of 
smell  remains  obscure.  To  test  the  ]M)wers  of  h)catin«r  conceahnl  focMl  the  following 
experiments  w^ere  tried: 

In  a  tank  cont^iininjr  two  hake  which  wen*  very  hungry  I  jilaced  a  piece  of  fresh 
clam  meat  concealed  betw(»en  two  small,  old.  and  thorouijfhly  cUmui  clam  shells  which 
had  been  lyinjr  for  some  time  in  tin*  bottom  of  the  tank.  Th<»  tish(»s  did  not  seem  to 
smell  the  im^at  at  a  distance  and  so  Im'  attracted  to  the  spot  where  the  shells  w(M*e,  but 
if  in  the  course  of  their  aimless  moyements  alon^  the  liottom  of  the  tank  they  passed 
oyer  the  shells,  they  f^enerally  stopp(»d  a  moment,  smclled  around,  and  then  passed  on, 
fii*st  feeling  oyer  the  whole  area  of  the  sludl  with  thcii-  free  fins.  As  time  passed, 
this  reaction  be<'ame  less  clear  until  after  some  fifteen  minutes  they  «^enerally  passed 
over  the  shells  without  payinj^  any  attention.  They  nev(»r  found  tin*  meat.  This 
experiment  was  many  times  repeated  with  the  same  result.  FIk*  sens(^  of  snnOl  can 
play  no  strong"  part  in  the  locating  of  their  food.  It  may  |)lay  some  small  part, 
though  I  incline  to  believe  that  the  interest  which  th(»  ti>hes  sliow  in  the  c(mcealed 
bait  is  excit(»d  by  a  vague  stimulus  to  the  terminal  buds  on  the  tins.  Compan*  the 
experiments  made  after  (»xtir])ation  of  the  olfactory  organs  in  the  tomcod  <lescri)>ed 
below 

Thr  toiiK'oil  (Mtrrn(jii(lm<  fonuod).  'rh«»s<»  fishes  are  nuich  less  activ«*  than  the 
hake,  spending  most  of  the  time  lying  (juietly  on  tlie  bottom  of  their  tank.  They 
have  not  so  keen  sight  as  the  hake  and  ])ollock.  but  still  obta'ii  much  of  their  food  by 
this  sense,  catching  focKl  thrown  in  before  it  reaches  the  lM)ttom.  They  do  not  catch 
live  prawns  in  captivity  so  well  as  the  hake  do,  yet  pniwns  and  other  active  crusta- 
ceans are  found  in  the  stomachs  of  specimens  tak(Mi  with  the  seine.  Tin*  dorssil  tin 
lacks  th(*  fn'e  filamentous  rays  and  is  not  ('specially  s<»nsitive  to  gustatory  stinuili. 
The  v(Mitnil  fins  are,  however,  verv  etficient  in  locating:  sai)id  substances  Iviuiron  th(» 
bott^MU.  They  are  shorter  than  those  of  the  hake  and  are  not  thrust  forward,  but 
incline  slightly  backward.  Like  the  hakt»,  the  tomcods  spend  nuich  time  in  slowly 
i»xpK)rinjif  the  bottom,  though  they  assume  a  very  di  fie  rent  position,  with  the  head 
direct<Hl  dow^nward  at  an  angle  of  some  ,*>()  to  4r>  with  the  bottom,  so  that  the  tips 
of  the  barl)l(»t  and  ventral  fins  just  dmcr  the  bottom.  When  food  particles  an»  hn'ated 
they  are  snapped  up  by  a  (piick  lat(»rjil  movement  similar  to  that  of  the  cat-fislu»s. 
Sometimes,  however,  stinmlus  of  the  ventral  fins  is  followed  by  a  revers(Hl  swinuuinir 
movement,  the  fish  backing  up  to  take  the  ))ait.  At  other  times  the  fish  when  explor- 
ingf  th(»  lH)ttom  swims  slowly  backwanl.  so  that  no  change  of  direction  is  necessary 
when  fo(Kl  is  located. 

I  made  a  series  of  tests  with  cotton  wool  and  <'otton  di|)p(ul  in  clam  juice  similar  to 
those  described  for  the  hake,  and  with  the  sann^  results.  1  also  repeated  the  tests 
made  with  sea  watiM-  and  with  stmined  clam  juice  by  the  aid  of  a  pii)ette,  with  iden- 
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tioally  tht'  sanir  result^i  as  with  the  hake.  After  a  few  tests  the  fishes  ignore  sea 
water  and  plain  cotton,  hut  invariably  respond  to  cotton  soaked  in  clam  juice  and  to 
the  juice  itself  as  thoy  do  to  meat.  The  tomccxl  reacts  to  bits  of  clear  g-elatin  soaked 
up  in  water  essentially  as  the  hake  do<^<. 

I  also  tested  the  tomccnl  with  hydroi'hloric  acid,  (».2  i>er  cent  in  distilled  water 
and  1  per  cei»t  in  sea  water.  Both  an*  obviously  avoided.  I  tilled  a  tine  pipette 
with  a  solution  of  quinine  sulphate  in  sea  water,  al)out  0.1  jx»r  cent — a  very  bitter 
solution.  The  tomcod  swims  away  immediately  if  applied  either  to  the  lips  or  to  the 
I>elvic  tins,  but  appears  not  to  notice  it  if  applied  to  other  parts  of  the  IhkIv. 

Within  two  old  clam  shells,  which  had  In^en  lyin^  in  the  tank  with  the  tomcods 
for  sevenil  days  and  had  remained  unnoticed,  was  phu-ed  a  piece  of  fresh  clam. 
They  were  then  closed  to«rethcr  and  laid  on  the  l^ottom  of  the  acpiarium  containing  a 
tomcod.  Shortly  the  tish  passcnl  near  it,  appeared  to  perceive  it,  turned  from  his 
course,  and  passed  and  repassed  the  spot  until  the  shell  was  located,  api>arently  by 
smell,  by  a  method  of  "'trial  and  error."  Then  he  rooted  at  the  shell  vigorously 
until  the  two  halves  were  separated  and  he  could  get  the  meat.  1  rej>eated  this  with  a 
piece  of  s4|uid  w  ithin  the  shtdls  with  the  same  result.  1  tried  two  emptv  shells  in  the 
same  way.  lie  siiw  me  put  them  into  the  water,  came  up  to  investigate,  smelle<l  (?) 
of  the  shells  and  went  away  without  so  much  as  touching  them,  and  never  came  back 
to  them  again. 

These  exp<»riments  were  rei)eated  in  many  forms  luany  times.  In  most  of  these 
ca.ses  the  etiicient  orgjin  in  discovering  the  pres^Mice  of  th(*  iood  was  almost  cei*tainly 
the  pelvic  tin.  At  least,  this  alone  located  it,  for  the  fish  swam  alH)ut  (jx>ssibly 
feebly  smelling  something  good),  but  did  not  make  a  definite  movement  toward  the 
Iwiit  until  the  tins  were  dragged  over  the  ciiick  Iw^tween  the  two  shells  containing  it. 
from  which  the  juiciv^  were  doubtU'ss  IxMng  ditfuscMl  out  into  the  surrounding  water. 
Then  he  backed  up  in  the  typical  way.  If  the*  Iniit  was  not  found  within  a  very  few 
minutes  it  was  left  unnoticed.  ev(Mi  though  subsecpiently  uncovered. 

The>e  fishes  almost  invariably  find  a  concealed  bait,  though  the  hake  mrely  does 
so.  The  hake  seems  to  perceive  th(»  inlor  or  siivoi*  of  th(»  f(MKl,  for  he  lingers  about 
the  s|)ot  where  it  is  concealed,  but  never  makes  a  movement  to  unco^'er  it.  The 
tomcod.  on  the  other  hand,  actively  pushes  things  about  with  his  snout  until  the  bait 
is  disi'ovenMl.  Hut.  mdike  the  gjidoid  fishes  which  Bateson  descrilK?s,  these  fishes  do 
not  ifet  the  scent  af  the  food  at  anv  considerable  distance  and  then  search  for  it. 
Thev  do  n(»t  notice  the  bait  until  within  a  few  centimeters  of  it.  and  there  is  no 
evidcMice  that  the  st»nse  of  snudl  assists  at  all  in  the  localization. 

To  t(vst  this  j)oint  the  olfactory  organ  was  extii^pated  in  sevei*al  tomcods  which 
had  given  the  reaction  last  dcvscrilx^i  clearly.  Several  ways  of  performing  this 
operation  were  tried.  The  most  successful  m«*thod  was  to  etherize  the  tish  suflSciently 
to  k«»ep  him  (juiet  and  then  oix'nite  in  a  shallow  tniy  with  the  mouth  kept  under 
water,  cutting  off  the  olfactory  nerves  or  crura  with  a  shaip  scalpel.  The  wound 
suppunite<l  badly,  but  appeared  to  give  the  tish  no  serious  trouble,  as  they  feed 
noi  mally  from  the  second  day  onward.  Without  going  into  the  details  of  the  observa- 
tions, I  may  say  that  after  the  third  or  fourth  <lay  the  fishes  took  their  food  in  all 
resptH'ts  like  uninjured  fishes,  so  far  as  could  be  observed.  They  gjive  all  of  the 
characteristic  reflexes  that  have  Ijeen  mentioned  alM)ve,  includintf  the  dis^'rimination 
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botwoen  cotton  wck)1  and  cotton  (li|>i>od  in  cluni  juice  and  hctwoon  sea  water  and  clam 
juice  aj)j)lied  with  a  pii)ette,  etc.  The  operat(»d  iish  would  loiiite  a  conceah»d  \ni\t  ])v 
means  of  the  i>elvic  fins  exactly  as  the  normal  tish  does,  an<l  he  would  similarly  root  it 
out  and  eat  it.  In  short,  the  j^ustntory  refl(»x(»s,  so  far  as  1  haye  ohseryc^l  them,  woi'e 
al»solutely  unmoditied  by  the  o|>(M*ation.  That  the  olfactory  a])i)anitus  wjis  totiill}' 
destro>'ed  wasyeritied  hy  autopsy  dissections  made  aft^M*  the  close  of  the  o])seryationH. 

OTIIEK    FISHES. 

T/tr  M,a-rf»^tht  (Prionufiis  i'iirnli)nif<),  -Tin*  thn^e  fin<,'(»r-like  rays  of  the  j>ectoral 
fins  of  the  j^urnards  hayc*  lonjif  attracted  the  attention  of  zoolot^^ists,  and  the  American 
species  of  Pr'tittntinx  hayc  heen  made  the  su)>ject  of  a  can^fid  res(»arch  hy  Morrill 
("05).  He  finds  that,  as  in  the  closely  related  Kuropean  7/ •////</,  tin »  free  niys  are 
totiiUy  deyoid  of  terminal  Imdsor  other  specialized  sense  orpins  and  that  the  sensory 
neryes  with  whi<'h  these  free  niys  an*  so  abundantly  su])])li(»d  end  free,  like  tactile 
nerves  in  j^enend. 

He  also  mad<»  some  interestin<r  physioloofical  experiments.  The  normal  fcxnl  of 
these  species,  so  far  as  known,  is  small  fish,  youn<r  <'lams,  shrimps,  amphiiKnls  and 
other  small  crustacea,  squid,  lamellihninch  mollusks.uimelids,  and  s(»awee<ls.  (Linton, 
11>01,  p.  470.)  They  are  constantly  fcclinj^  about  the  sand,  turninjr  oy(»r  stones  and 
feelinir  under  them,  etc.,  with  these  free  rays,  and  undoubtedly  find  their  f(M)d  lai'wly 
in  this  way,  especially  the  ann«dids,  mollusks,  and  crustacea;  but  in  captiyity  the 
eyes  an*  used  chiefly  in  seciH'inj;  the  focxl.     Morrill  writers  furtlu»r: 

hi  onl«»r  to  tt'y^t  tlu'  ii«*  <jf  the  fri'<»  niys  iii<lt^iH*n<U»ntIy  <jf  sij^ht  tlit' crystalline  lens  aii<l  c*<)rnca 
wen»  n'inovcMl  inmi  hoiih»  lisli,  ami  in  otlior  <*jisc»h  the  citrni'a  \v:u<  iMivennl  with  variiish,  Uilsani,  or  tar. 
Till'  rc|)eatr<l  ('X}K'rinM»nt.«  wen^  n<»jrativr'  in  tlieir  result,  as  the  lis!)  |»ai(l  no  attention  to  tl»e  f<MMl,  even 
when  it  was  }»la<HHl  in  contact  witli  t!»e  irct»  rays. 

Morrill  con<*ludes  "•that  the  free  rays  haye  In^en  nuxlitied  for  tactile  purjx)ses, 
and  that  they  are  msiinly,  if  not  altowther,  used  in  setirchinjf  for  food.  ■' 

ft  •'  if  ^  r^ 

MorrilTs  dissections  h^aye  it  imcertnin  whether  the  fr<»(»  niys  of  the  |HM*t^»nil  ims 
receiye  conummis  neryes,  as  then'  should  do,  of  coin'se.  if  these  orcTins  had  iriyen 
eyidence  of  ernstnt^>ry  powers.  The  only  scmrce  of  conummis  filKM's  for  this  fin 
would  be  throufrh  the  ramus  lat^^nilis  accessorius  (r.  nMMH-rens  faciialis).  Stjuuiius 
(1H41K  p.  IJ>)  did  not  iind  this  nerye  in  Trlfjlti  (jumanhiH  and  T,  hfrumln,  I  dissected 
a  si>ecin]en  of  PrioHofwH  vmuilhtux  and  found  the  same  to  be  true  hen»,  so  that  it  can 
})e  taken  jus  assured  that  no  conummis  neryes  reach  tin*  iM'ctoral  fin  in  this  s|)ecies. 

After  an  examination  of  the  feedine^  habits  of  the  adidt  sea  robin  and  of  younir 

•*  ft  ^^ 

specimens  alnrnt  10  cm.  lon<jf  I  «|uite  ae^ree  with  Morrill  that  the  nMution  to  fcKxl 
particles  by  the  free  fin  mys  is  tactile  oidy,  with  no  gustatory  elenuMit.  When 
adults  are  fed  with  fresh  clams  or  muss(ds,  the  shells  split  ojxmi  to  exjH)se  the  meat, 
they  turn  and  bit(^  out  the  meat  as  soon  as  a  free  ray  touches  (he  soft  llesh.  Vounjr 
fishes  <lid  not  e^iye  this  reacticm  so  inyariably,  and  eyidently  relied  nuu'h  more  on 
sij(ht.  C'lean  clam  shells  filled  with  mcdted  ji^elalin  wen*  reacted  to  like  the  fresh 
clams  once  or  twice  l)y  (»ach  fish,  but  usually  were  thereafter  i<»'nore(l. 

The  free  niys  constantly  stir  up  the  sand  and  jifniyel  of  the  lM)ttom.  If  soft 
edible  j)articles  are  t-ouched  the  head  may  b(»  tiu-ned  to  snap  them  up,  es{x»ciall\^  with 
old  fi.shes.     With  younjjer  ones  this  usually  do(»s  not  happ<»n  unless  the  particle  is  seen 
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while  in  motion.  In  fact,  with  these  youn^^er  lishes  the  purpose  of  the  activity  of  the 
free  rays  seems  to  l>e  in  tlie  main  the  ag^itiitiori  of  particles  on  the  lK)ttom  to  bring 
them  into  the  nin<re  of  vision.  Ahnost  any  unfamiliar  object,  such  as  a  bit  of  coal  or 
a  brijrhtly  colored  j)e])ble  or  any  soft  i>article,  if  s(»en  while  in  motion,  will  ]>e  apt  to 
Im»  taken  into  the  mouth.  The  analysis  is  done  here — not  by  the  ixMiphenil  cuUmeous 
orj^ms.  All  small  objects  thrown  into  tlu*  water  are  taken  into  the  mouth  as  the}' 
fall;  bits  of  filter  pa|)er,  <relatin.  etc.,  will  be  taken  and  immediately  rej(»cted.  The 
sjime  bit  of  paj)er  or  excrement  may  be  taken  and  rejcvted  a  half  dozen  times  in 
ra])id  succession,  the  reflex  followin<r  in  a  jKMfectly  automatic  way  as  soon  a.s  the 
movin*^  ol>ject  is  secMi.  Small  worms  when  thrown  into  the  wat4*r  would  l»e  captured 
lK»fore  thev  had  time  t<^)  rearh  the  bottom.  I)ut  if  ])la<-ed  on  the  liottom  thev  would 
seek  shelter  under  pebbles  and  remain  uiuioticed  luitil  they  were  stirred  up  and  sent 
Hojitin<r  otf.  when  thev  would  be  seen  and  taken  at  once.  The  free*  lin  r.iv  wjis 
oljserved  to  touch  the  worm  when  concealed  without  evoking  a  response.  A  moment 
later  the  worm  was  set  in  mf)tion  and  taken  at  once. 

1  got  no  evidence*  that  the  tish(\s  smell  or  otherwise*,  (h^tect  the  presence  of  food 
at  a  distance*  or  concealed  from  sight  and  touch.  Meat  inclosed  lietween  <*lam  shells, 
which  a  tomcod  would  have  secured  within  a  minute  or  two,  remained  unnoticed, 
though  the  outsiders  of  the  shells  were  rep(»atedly  fingered  over  by  the  free  rays  and 
similar  bits  of  meat  were  taken  at  once*  if  in  motion  ne^ar  the  fish. 

The  vountr  sea-robins  eat  crab  me»at  wedl.  1  mtide*  a  stronif  e^xtract  of  crab  me^it 
and  tiltereMl  it.  Now  with  a  fine  pipette  a  jet  <jf  e-le»an  seni  water  was  elirected  Jig:iinst 
the  free  pectoral -fin  rays.  TheM*e'  was  no  re*sjM)nse,  or  if  the  jet  wa>  strong  the  fin 
was  folde»d  agiiinst  the'  l^ody.  The  e»xtraet  of  crai»  applied  in  the  same*  way  with  the 
pil)ette  gJive  the  sjime*  le^sult.  KveMi  whe'ii  tbe»  jet  is  direH*te»d  against  the  lips  the  fish 
usuallv  ])avs  no  atte^ntion  av  is  distuibe'd  anel  swims  awav.  This  would  seem  to 
indie*:ite*  that  the'  se'use*  of  taste'  i>  al)se'nt  or  ve'rv  feM'})le*  on  all  of  the*  exiH)seMl  jKirt.s  of 
the  ImhIv.  Thus  the'  absence  of  spe'cial  gustatory  se'use  organs,  e^f  conununis  nerves, 
and  of  irustatorv  reaction>  fiom  the*  fre*e  r.ivs  of  the*   pectoral  fins  serve  as  nmtual 

^  •  *  I 

cr>ntrols. 

77/'  hiiifj-psh  (Mrnfirirrhn.s  sti.rtif IJ 1.^).  The*se*  lishe\<  have  a  sliort,  thick  mentiil 
Iwirblet,  and  the*y  were  studied  to  e'fjinpare*  the*ir  re*actie)ns  with  those  e)f  the  siluroid 
and  gadoiel  lishes.  Most  of  the*  tyi)es  of  experiment  made*  previe)usly  on  the*  latter 
tishe\s  were*  re|M*ateel  e>n  the*  king-fish.  Without  going  inte)  details,  the  ex|>4*riinents 
seemed  to  show  in  general  that  the  king-fish  is  not  a  pure  visualize*r,  though  vision 
is  somewhat  used  in  fineling  food.  This  seems  to  be  in  the  main  a  tactile  reaction, 
as  most  of  the  fexnl  take*n  was  by  e-ontjict  and  nonnutritious  substances  were 
general  I V  taken  if  thev  fe*lt  like  food.  For  instane-e,  colorless  gelatin  is  taken  at  the 
first  ce)ntact  and  re|x*atedly  thereafter  for  an  indefinite  muuber  of  times,  though  \n 
each  cjf^e  it  is  at  once  rejee'ted  as  s(K)n  as  it  enters  the  moutti.  The  sense  r)f  taste 
seems  to  l)e  liniited  te)  the  mouth,  and  I  found  no  evide»nce  of  a  gustatorv  reaction  ))v 
the  l«rblet,  though  the  ex[>eriments  we*re  not  sufticiently  numerous  or  varied  to  l)c 
conclusive.     They  do  not  find  a  concealed  bait. 

77/r  t^nnl-iish  {(^p**m}*i><  //7?/).— These  fishes  were  exi)erimented  upon  at  the  .same 
time  as  the  hake  and  tomcod,  and  bv  the  siime  methods.  The  toaelfish  never  found  a 
concealed  l>ait  and  never  seemed  to  get  food  by  any  other  reflex  path  than  the  visual 
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or  tactile.  The  fleshy,  eututieoiis  appendajifes  of  the  skin  were  especially  U»st4^d  to 
hring  out  possi])le  gustiitory  reactions,  but  with  negative  n^sults  save  for  those*  bor- 
dering^ on  the  lips,  where  it  was  impossible  to  exclude  the  participation  of  tast(^  buds 
on  th(»  lips.  This  agrees  with  the  anatomical  findings  of  Miss  Clapp  (181)i>),  whose 
careful  studv  of  thc^  skin  of  this  fish  faih^d  to  reveal  anv  terminal  buds  on  these 
appendages  or  elsewhere  away  from  th(»  buccal  cavity.  A  j(»t  of  sea  water  directed 
against  these  appimdages  or  the  IkhIv  -iurface  in  g(»neral  usually  disturbs  or  frightens 
the  animal  meri^ly,  if  it  is  noticed  at  all.  A  jet  of  clam  juice  similarly  applied  i»alls 
for  the  same  reaction  unless  it  is  so  directed  sis  to  n»ach  the  lips,  in  which  <*ase  the  fish 
reacts  to  it  just  as  the  hake  and  tomcod  do,  attempting  to  take  the  tip  of  th<»  pipette  in 
the  mouth.  The  following  solutions  were  applied  in  the  sanu»  way  by  a  fine  pipette 
to  various  pirtsof  the  body  surface:  O/J  per  cent  hydrochloric  and  1  ]MMcent  hydro- 
chloric acid  in  sea  wat4»r,  and  0. 1  p(»r  cent  (juinine  sulphat(»  in  sea  water.  In  all  cases 
the  fishes  paid  no  attention  to  the  stinuilus  unless  the  substance  was  so  applied  as  to 
come  into  contiict  with  the  lips.  The  exjxM'iments  lead  me  to  conclude  that  the  toad- 
fish  can  taste  only  within  th(»  mouth  and  on  the  lips,  and  that  if  th(»  cutaneous  api^n- 
dagres  have  anv  sensorv  function  it  is  tactile  onlv. 

CONCLUSION. 

The  morphological  and  physiological  significance*  of  the  tenninal  })uds  of  fishes 
is  a  pro})lem  whicli  has  exercised  some  of  th(*  ai)lest  morphologists  for  over  half  a 
century.  The  methods  of  the  older  anatomy  have  signally  failed  to  yield  concordant 
results.  Not  until  the  innervation  of  the  cutaneous  sense  organs  was  worked  out 
from  the  standpoint  of  nerve  components  was  this  confusion  relieved.  The  older 
morphologists  (Schulze,  Merkel,  and  others)  discovered  a  morphological  criterion, 
the  '*hair  c(*lls,"  by  which  the  terminal  buds  could  b<*  distinguished  from  cutaneous 
sense  organs  belonging  to  the  lati»ral-line  system.  But  this  fact  attiiined  its  signifi- 
can(*e  only  when  it  was  discovered  that  the  organs  of  the  lat(M*jil-line  system,  or  neu- 
romasts,  which  possess  the  *' hair  cells,'' are  always  innervated  by  lat(»ralis  nerves 
related  centniUv  to  the  tub(M*culum  acusticum,  while  terminal  buds,  which  lack  the 
"•hair  cells/'  are  always  innervat(»d  by  comnnmis  nerves  which  are  related  centmlly 
to  the  primary  gustatory  centers  of  the  vagal  and  facial  loi)es. 

Presunuibly,  then,  lateml -line  orgjins  and  terminal  buds  have  ditferent  functions; 
and,  furth(M*,  the  function  is  probably  not  tactile  in  either  <".ise.  sinc<»  all  parts  of  the 
skin  receive  general  <*utaneous  nerves  in  addition  to  the  sp^M-iai  sensorv  <*omponents. 
and  these  general  cut4ineous  nerves  are  relat(*d  proximal ly  to  ditTf^nMit  ctMiters  from 
either  of  the  oth(»rs.  The  lat(»ral-line  organs  are  known  to  be  used  in  the  maintenan<*e 
of  }K)dily  e(]uilibrium  and  the  perception  of  mass  motion  of  the  water.  (Compare 
the  recent  works  of  Iah'  and  Parker.)  On  the  other  hand,  the  terminal  ))uds  are 
related  in  structure  and  innervation  to  undoubted  taste  buds  of  the  mouth,  and  hence 
the  inferen(re  that  their  function  is  taste.  This  inference  is  abundantiv  confirmed  })v 
the  experiments  h(»re  recorded,  and  the  function  and  morphological  nmk  of  the 
terminal  buds  are  at  last  definit(*lv  fixed. 

It  may  be  regarded  as  established  that  fishes  which  possess  tenninal  buds  in  the 
outer  skin   tast^*  by  ujeans  of  these  organs  and  habitually  find  their  fo(Hl  })y  their 
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nu'ans,  whilo  tishcs  which  hick  those  orjipans  in  the  skin  liavo  the  sense  of  taste 
confined  to  the  mouth.  The  delicacv  of  the  sense  of  ta^te  in  the  skin  is  direetiv 
proportional  to  the  niunher  of  terminal  buds  in  the  areas  in  (juestion. 

Numerous  unrelated  t\\ws  of  }>ony  fishes  from  the  sihiroids  to  the  ^doids  which 
jK)ssess  terminal  huds  hav(»  deveio^xnl  s|)ecially  modified  orcfans  to  carry  the  buds  and 
increase  their  efficiency.  These  orcfans  mav  take  the  form  of  inirblets  or  of  free 
filiform  fin  rays.  The  free  i*ays  of  the  j^'ivic  and  dorsal  fins  of  <r«»doid  fishes  are  thus 
explained,  and  indeed  this  is  possibly  the  motive  for  the  mi^nition  into  the  jugular 
|)Osition  of  the  jxdvic  fins  of  the  t^adoids. 

In  all  cases  where  terminal  buds  are  found  on  })arblets  or  filiform  fin  rays  g-usta- 
tory  nerves  U'louj^in^  to  the  communis  system  are  distributed  to  them.  These 
F)arblets  and  free  i\n  niys  likewise  receive  a  very  rich  innervation  of  tactile  or  gen- 
eral cutaneous  nerves,  so  that  they  merit  their  popular  desii^nation"  feelers." 
lioth  sets  of  end  organs  undoubtedly  cooixrate  in  the  discrimination  of  food,  and  the 
animal  has  the  power  of  very  accunite  localization  of  the  stinudus.  Whether  the 
jifustatory  stimulus  alone  can  1m»  localized  apart  from  its  tactih^  ac<-om])animent  can 
not  at  present  be  .stated.  A  purely  tactile  stimulus  with  no  <rii^tatorv  element  «in 
be  localized  precisely,  and  1  have  as  y(^t  no  conclusive  evidence  that  a  pure  gustatory 
stinudus.  even  when  strong,  can  l>e  located  by  the  fish.  It  is  certain  that  feeble  and 
widely  diffused  t^ustatorv  stinmli  <*an  not  be  accunitelv  located  bv  the  fishes  which  1 
have  experimented  with,  either  by  the  terminal  buds  or  by  any  other  orgsins. 

The  fishes  in  which  th(»  cutaneous  tenuinal  buds  are  most  highly  develo{)ed  ai*e 
in  general  bottom  f(*edei*s  of  rather  sluggish  habit,  and  in  some  cases  they  are  noc- 
turnal f«MHlers.  The  high  development  of  this  scum*  is  compensatinl  for  in  some 
fishes  by  the  reduction  of  otluM's.  The  visual  i)ower  of  the  fishes  is  especially  apt  to 
suffer  d(»gnidation.  Thi>  degradation  may  U'  orgimic.  a  iM)sitive  degeneration  of  the 
visual  apparatus,  a-  in  .1///' ////'/n.  or  it  may  Jh^  merely  functional.  In  the  latter 
citse,  thouirh  the  organs  of  vision  are  not  necessjirilv  modified,  these  organs  are  not 
actually  used  in  prcMuring  food,  the  fish  InMug  unable  to  eff(»ct  visual  reflexes  toward 
f(KHl  substances  or  to  correlate  visual  stiundi  with  th<*  movenjent>  necessary  to  react 
toward  food  substances.  Tht»  fi>h  mav  be  ])erfectlv  able  to  eff(»ct  oth(M*  visual 
reflex(*s.  })ut  is  apparently  unable  to  understan<l  the  significance  of  foo<l  when  per- 
ceived by  the  sense  of  sight  only.  This  ]iarticular  central  refl(»x  i^th  has  never  })een 
deyeloi)e<l,  or  ha^  atropbi(Hl  from  disuse.  Nature  ha**  here  eff(»cted  for  the  s|)ecie.s 
something  similar  to  what  is  accoujplished  in  indivi<iual  men  oc(*jisionally  by  <liseas<\ 
in  the  pnHluction  of  certain  apha>ias. 

The  nuudw^r  of  reflex  activities  habitual  to  an  animal  with  a  nervous  system  as 
simply  organized  jis  the  bony  fish  is  probably  far  smaller  than  is  commonly  supjwsed, 
and  these  activities  are  in  general  <'haracterized  hy  but  little  complexity  of  orgsmi/ji- 
tion.  It  is  prolwibly  cpiite  within  the  nnig(*  of  |K)ssibility  to  determine  by  observa- 
tion and  ex|)eriment  for  any  given  species  of  fish,  to  a  high  degree  of  accuracy,  what 
these  halntual  activities  are  and  to  work  out  bv  histological  nu^thods  the  reflex  arc 
within  the  nervous  system  for  each  of  then):  and  since  the  human  nervous  .system  is 

ft-  * 

built  up  on  the  sjime  general  plan  as  the  piscine  nervous  sy st<Mn  it  follows  that  such 
a  thorough  and  systematic  correlation  of  function  with  structure  would  Im*  profitable 
from  many  points  of  view. 
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ADDENDUM. 

Duriiii;;  tho  winttM*  and  sprinjr  of  iwy,  some  furth(?r  <)l)Si»rviition>  have  lieeii 
iimde  with  th(»  puriK)si»  of  iiiisweriii^  (umon^  others)  the  ((uestioii  raised  almve, 
wliother  fishes  can  h)ealize  a  sensation   received  l)v  the  terminal   huds  alone  with 

ft 

no  tactile  aeeonipaninHMit;  or,  in  other  words,  whether  j^ustiitorv  sensations  may  ]>e 
provided  with  a  local  siirn  as  tactile  sensations  are.  (This  (juestion,  of  conrst*,  does 
not  necessarilv  involve  the  more  ireneral  one  as  to  the  essi^ntial  nature  of  the  loi-al 
sign,  whether  it  is  due  to  a  "'simmmHc  energy"  of  the  periphend  nerve  or  s«»nse  organ 
or  to  central  differentiation  in  the  terminal  micleus.) 

Some  rt»cent  clinical  observations  suggest  that  in  human  lM»ings  such  a  l<H*aliza- 
tion  of  gustatory  sensations  is  possible.  Crushing  (Johns  Hopkins  Hospital  Bulletin, 
vol.  XIV,  No.  144,  1JM»8,  p.  77)  n^ports  after  destruction  of  the  (iass(»rian  gsmglion 
and  totjil  pandysis  of  general  sensation  on  the  anterior  part  of  the  tongue,  that  the 
gustiitory  sensibility  remains  unimpaired,  and  that  in  this  case  the  gustatory  sensji- 
tions  can  be  localized.  It  is  not.  however,  absolutely  certain  that  it  is  the  gustatory 
filx»rs  which  effect  the  localization,  for  the  chorda  tym[>ani.  which  was  uninjured, 
may  carry  also  a  certain  nundier  of  fibers  for  gent^ral  s(Misation  from  the  facialis  r(M)t 
in  addition  to  gustjitorv  fibers,  as  Chishinj^  assumes  is  the  cas(»  with  the  chorda  from 
some  of  his  results  anil  from  those  of  Kftster. 

My  own  observations  were  made  on  the  young  of  Atnrliu'tix  from  ."»  to  s  cm.  long, 
received  from  the  Stale  fish  haU'hery,  at  London,  Ohio,  in  OctolnM',  11H>2,  and  kei)t 
under  obM»rvation  in  tanks  during  the  following  winter.  These  fishes  prove  to  be 
more  shy  and  less  teachable  than  the  smaller  .b//<////'//x  fry  (alKKit  3  cm.  long)  hatched 
}>y  wild  i>an»nts,  upon  which  the  exiH»riments  rc»|)orted  in  the  precinling  pages  weiv 
made. 

I  have  verified  on  these  fishes  most  of  the  obst^rvations  made  on  the  smaller 
fishes  last  vear.  The  most  notictMibh*  differt»nce  in  their  lM»havior  is  the  evidentlv 
greater  visual  power  in  thes(»  fishes.  As  soon  as  they  begjin  to  feed  freely  in  the 
presences  of  the  o)>server  (which  nMiuinnl  several  months  of  training)  they  l)egan  to 
show  evid(»ncc  of  visual  recognition  of  a  moving  bait,  if  V(»rv  near  them,  and  pro- 
vided they  had  just  previously  l)een  fed  with  the  same  focnl  in  the  same  way.  Thi»v 
never  undt»r  anv  circumstances  notice  visuallv  a  still  bait,  and  tlu^ir  recognition  of  a 
moving  bait  is  at  best  vei'v  imperfect  and  only  an  occasional  (H*curren<'e. 

l'lM>n  putting  a  concealed  bait  in  a  tank  with  tlu»  fishes  I  found  no  evidence  that 
they  are  able  to  locate  it  by  tin*  sense  of  smell  or  otherwise  from  a  distance,  pnivided 
the  water  is  still.  If,  however,  they  swim  nejir  enough  to  the  ca])sul(»  containing  the 
bait  (lK»ef  liver,  cheese,  i^tc.)  to  pass  the  Inirblets  into  the  strong  diffusion  currents 
emanating  din^ctly  from  the  bait,  it  is  h)cated  instantly.  The  reactions  h<»re  are 
essentiallv  like  those  bv  which  the  tomco<l  localizes  a  concealed  bait,  though  I  have 
not  com[)leted  the  experiment  by  extirpation  of  the  nos<^  to  determine  what  part,  if 
any,  is  played  by  th<^  sense  of  sm(?ll.  So  far  as  my  exiK^riments  have  gone  these 
fishes  will  not  locate  a  concealed  bait  in  still  water  unless  they  i)ass  within  5  cm.  of  it. 

In  ruiming  water,  howev(»r,  the  case  is  quitt^  different.  I  constructed  a  long, 
narrow  tank,  so  arrang<*d  that  a  slow  stream  of  water  can  pass  through  it  from  end 
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to  end.  By  roverin^  the  lower  end  of  the  tank  and  iiluuiinating  moderately  the 
upper  end.  it  can  be  so  arnintred  that  tht»  nepitive  photot.ixis  will  countei'act  any 
positive  rheotaxis  and  the  rishes  will  remain  in  tht»  lower  end  of  the  tank.  If  now 
liver  or  other  stron^r  l>ait  is  plaml  alK)vi'  them,  the  tishes  will  promptly  swun  up 
the  current  and  loejite  the  meat. 

The  exiH'riments  >eem  to  indicate  that  euncealed  footl  can  not  he  located  by  thcM* 
tishe.s  from  a  distance  in  quiet  water  (cf.  Natrd.  l.y.*4).  hut  that  if  the  fish  passe*^ 
within  a  few  (•entimeter>  of  it  the  ditTu>ed  juices  are  recot^nized  and  the  focnMocated 
promptly.  In  ruiminj^  water,  however,  the  rishes  will  follow  the  diffused  juices  up 
the  stream  for  considenihle  distances  and  so  rind  the  food  -a  fact  well  known  to 
everv  fisherman.     Tactile   >eiisation>  are  elearlv  not    involved:  it  lies   l>etween  the 

ft  « 

senses  of  smell  and  ta>te.  and  I  have  not  as  vet  i^one  far  enouirh  with  this  series  of 
exiK»runents  to  decide  finally  the  ynwi  played  hy  the  sense  of  simdi. 

I  have,  however.  te>ted  the  sensitiveness  of  the  harhlets  to  diffused  savors 
moi'e  fullv.     Raw  meat  or  beef  liver  was  minced,  extracted  in  a  little  water,  and 

ft 

strained.  A  wisp  of  cotton  was  wound  on  the  end  of  a  sh^ider  wire,  dippi^d  in  the 
meat  juice,  and  gently  lowered  so  as  to  lie  a  few  milliujeters  from  the  tip  of  a  harhlet 
of  a  cat-fish  which  was  otherwi>e  entirely  concealed  under  a  large  leaf.  The  tish  was 
upahle  to  s«m»  the  cotton  and  actual  contact  with  the  harhlet  was  carefully  avoided. 
Within  a  few  seconds  the  fish  hci-ame  conscious  of  the  savor  and  turniHl  tnimrd  th*' 
Ofttoii.  Again.  1  filled  a  glass  tuht*.  of  aiK)ut  *>-nnn.  ijore.  with  the  meat  juice,  closed 
the  upper  end  with  the  finger,  and  carefully  lowereil  the  open  end  down  over  a  pro- 
jecting harhlet,  as  in  the  previou>  ca>e.  Tlu'  specific  gravity  of  the  meat  juice  is 
slightly  greater  than  that  of  the  water,  and  from  the  lower  end  of  the  tulx^  (the  upper 
end  l)eing  ke[)t  <'Iosih1)  the  jui<e  *»lowly  diffused  downward  enveh>ping  the  tip  of  the 
Imrhlet.  without,  however,  any  noticeal»le current  IhMng  produied  in  the  water.  The 
fish  locates  the  stimulus  and  turns  toward  the  source  of  it.  In  other  cases  I  colored 
the  juice  with  a  little  hloixl.  >o  that  the  course  of  th«*  (liffu>ion  curn^its  could  W 
o})served,  and  it  is  evident  that  the  reaction  follows  the  >timulus  of  the  hnM^t  only, 
and  not  the  organ  of  smell,  for  the  ujovement  is  made  lK?fore  the  diffusion  currents 
have  had  time  to  reach  the  nostril. 

These  reactions  are  not  as  proujpt  or  precise  as  those  given  after  a  cnntuct  with 
a  siipid  substance  where  a  tactile  sen>ation  accompanies  the  gustatory,  and  in  a  large 
percentage  of  the  caM'>  then'  i>  no  definite  reaction  toward  thi»  point  stiuudated,  but 
merelv  the  more  vague  ••seekiuif  reaction"  to  which  reference  has  l)een  madt*  above. 
Nevertheless  they  indicatt*  on  the  whoh»  that  pure  gustatory  stinudi,  if  very  strong 
and  applied  to  a  small  ai'ea  of  the  |x*rcipient  organ,  rnn  h*  1*Hui1iztd  !n  ^jntc* .  f*r  h^irt'  // 

JLn/  JO,  JfJOJ, 
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INTRODUCTION. 

Thei*e  is  i>frhaps  iu>  ii«*e<l  so  ^rivai  in  Aiurriraii  zoology  as  to  have  the  different 
jjrroups  of  iiivertel)rat«*s  thoroiiixhly  descrilM'*!  ami  s«*t  in  i»nhM\  so  that  the  worker  in 
ecolojry,  physiolojry.  varialitni.or  ni<»rphoh><ry  <*aii  determine  Iheni  without  l^ectmuii^ 
a  pn)f«»ssional  syst«'niatisl.  As  matters  stand  at  the  pivsiMit  time,  most  of  our 
aquatie  invertebrates  ean  nut  }>e  determiiUHl  without  the  study  of  niueh  si-attered 
litemtuiv.  aneient  and  modern,  and  mueh  wearisome  and  unprotitable  sifting  of 
svnoiivmv. 

Happily  thtnv  is  at  pr^si'm  a  stronir  movem«Mit  towanl  remedying:  this  stale  of 
affaii*s.  What  is  needecl  is  a  s<'t  of  studies  e«»mprising  monograidiie  treatments 
of  the  various  ,iri*oup.s — eaeh  ae<'Ount  td«  a  ^roup  eomph'tt*  in  itself,  so  far  as  the 
Amerieau  si><mm«»s  areetmeerned.  so  that  any  spe<-ies  of  the  ;jrroupcan  Ikj  determiiietl 
without  reference  to  other  literature.  This  ean  be  aeeonipli.shed  if  diffeiXMit  inves- 
tijTiitoi's  seleet  eireum.seril>ed  •ri'ou[»s  of  not  too  ;rreat  extent,  perhaps  a  sinjrle  jrenus, 
and  s«M  this  thorouirhly  in  onl<»r.  deseribinjr  an<l  fi^rurin^r  all  s[M.»eies  likely  to  <M*cur 
in  Ameriea,  antl  l>rin.ti;in;;  thr  names  into  etuisonanee  with  iveojrnized  rules  of 
iiomeiK'tatun'.  It  is  suehasludyof  on»»  of  tin?  families  of  tin*  ]{o1atoria  that  is 
herewith  present^'d. 

The  Rnfinllda  an*  a  family  of  five-swinimin,^  Uotatoria,  eontainin;:  altogether 
aiNUit  4<»  to  4."»  s[MM'i<'s.  Their  chief  general  interest  lies  in  their  iK»euliar  uiisym- 
metrieal  strueture,  most  t»f  them  having  the  organs  sodistH>sed  as  togive  the  impn*s- 
sion  that  the  ImmIv  has  l)een  twisted,  while  the  primitive  bilateral  symmetry  is  still 
further  disturlMMl  by  a  numlMT  of  the  organs  lNH*oming  rudimentary  on  one  side. 
They  are  found  as  a  rule  amid  a(tuati<*  plants  in  the  <|uiet  parts  of  lakes,  jwiids, 
and  stivams.  Only  one  <»f  them  {Ktiftvlus  f-npurinus  Wierz.  it  Zaeh.)  can  Iw  saiid 
to  lie  limnetie — that  is,  eomnioiily  f«uind  five-swimming  at  a  distanee  from  the  vege- 
tation of  the  slumps  and  bottoms.  A  few  oi'cur  in  swamps;  but  clear  water,  amid 
actively  growing  vegetation,  is  the  place  where  the  RniliilUUt  al>ound.  In  such 
ivgious  they  aiv  ofteu  among  the  most  abundant  of  the  Kotifera. 
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Tlu*  olas^iliraUtui  of  thi»  Ratlnlifhi  has  lalltMi  into  j^^n^at  <*oJifiisi<ni.  Tlii?>  Malc- 
iiioiit  roiiKl  hr  iiiatU'ttf  almost  any  of  tlu' larp'i'^roii|)s  of  Kotatoria.  but  it  is|»erhaps 
nu»n»  Mrikiii;;lv  triio  o(  tliis  fainilv  tliaii  t»f  aiiv  oth«»r.  Maiiv  siKM*ie>  haw  Ihmmi 
ih'sriilHMl  iiihIit  soxoral  tlilTmMit  s|M'rilii'  ami  iroiiorir  iiaiitt'S,  whiU*  in  otlirr  inhm'S 
M'voral  ililTon»nt  >pfri«'>  ha\o  Im'^mi  <U»srrilK»«l  undtM-  a  .sin«rh»  nanu*.  Thi*  t\viMe<l, 
unsymiuctrii'ai  siriu'tun'  has  always  l)o<»n  moro  ov  h»ss  <»f  a  puzzle  t«i  Mstrnuitists, 
luakinirit  iliftifult  w»  ih'tt'rniintM»vcn  what  were  proiMTly  tt)]H»  r<»nsi<h»n'«l  doi-siil  and 
vonlnil  surfart's,  and  tho  ^ifat  ditTt»nMUM»  in  appiv'irancr  ImMw^cu  «'ontrarttil  ami 
oxtondiMl  animals  has  turtluM-  trndiMl  to  favor  ronfnsi(»n.  It  has  S4M»imMl  in  tin*  writer 
that  thort>  is  no  irnuip  of  tho  liolatoria  so  mu«*h  in  mnnl  of  a  tlnn-ou^rh  n-vision  as 
this  ono.     I'\»r  this  ivasoii  it  has  Ikvu  takm  up  lii-st. 

In  thf  t't>llowing  pa]>«M'  I  attomj)!  to  givo  an  aoronnt  «»f  tin*  Mruotuiv  and  inow- 
nn'nt>  of  thi»M»  aninnd>«  jKiyin^osjHM'ial  atti»nti<»n  to  the  asyinniotry  ami  it>  hiolo^iral 
siirnitiranrr,  anti  to  t*urnish  as  far  as  possihh*  full  drs^'riptitJUN  and  !iirur»'>  «if  all 
known  siHH'ios,  A  largo  nmjority  of  tho  known  s|mhm«'s  I  havt'  mvM'lf  }m^'1\  ablf  lu 
study,  and  in  tln^sr  i-asos  tin*  descriptions  ami  figures  are  Iwised  «in  my  own  oh.MTva- 
tions.  I  have  attempted  to  nuik<*  tln*S4'  so  detailtMl  that  furthrr  niiMakr^  in  tin* 
idem itieat ion  t>f  thest*  speeies  will  hanlly  Ih»  ]>ossihh'.  In  tin*  east*  tif  s|>«H.-ieN  whieli 
I  havr  not  lH»en  able  Xo  examine  myself  I  give  the  tignri»s  and  «li'>rrii»tit>ns  whieh 
have  l>een  ]uiblished  by  (M her  authors.  Many  of  tlnvM*  des4'ription>  an*  very  unsjitis- 
faetory,  as  comparison  with  a  largtMiumlKM- of  spt»eies  i^  ur**i»**Hary  for  bringing  out 
thr  im|HM'tant  charatMeristies.  ami  sneh  ('omparistui  ha^.  in  thf  ab^^rui'i*  uf  pn'^M^rxfil 
material.  U^en  almost  whollv  laekiiii<:  until  V(M-\  refenl  linir*^. 

In  the  preparation  of  this  paper  I  ha\i'  Ihh'u  es|HM*iall\  imlebif^l  lor  a>si>iait«-«* 
*tf  the  most  essential  ehararter  \o  Mr.  rharh».s  V.  Kousselet,  of  l.itmltin.  Kngland.aiul 
to  Mr.  I'\  \{.  l>i\on-Nuttall.  of  Keeleston  Park,  North  Treseot,  Kmrland.  Mr.  ]{oiis- 
selel  plaeed  at  mytlisjH)sal  hisvabuible  nnuinted  eolleetion  of  llu*  A'''^'*./«f/ii .  ineliid- 
ing  a  number  of  speeies  whieh  I  ditl  nt»t  have  in  m\  eolleetion.  and  has  as>isT«-«l  iiu- 
thnuighout  the  work  with  valualde  notes  and  suggest itMts.  Mr.  l>i\on-Nutiall  M»nt 
nn»  his  notes  anti  ilrawings(»f  a  eonsiderable  number  o{'  spt»oiesof  Ihii-*-*",  whii-h  lit» 
ha<l  long  l>eeii  studying,  auil  ga\e  me  permission  t<»  make  um*  nf  si»me  of  hi*«  ev^-^'l- 
lent  tigui'es,  a  numlMM-  of  whieh  are  gi\en  ou  [dates  t\  and  \lli.  Tin-  finiinu^Ml 
e(H)|HM'ation  of  these  twi»  earefnl  investigators  has  added  mueh  to  tin*  •-•»mpli>!**iit»s.<^ 
and  aeeuraey  of  this  paper,  anil  has  made  it  |H»ssibU\  b\  oMuparison  **l  sjH-i-iniens, 
tolH»eertain  that  my  dett*rminatH»ns  of  doubtful  s|H*eie«i  airi^'**  with  iln'se  i»f  th**  Ih^jsI 
KumiKMU  anthoriti<»s. 

I  am  indebted  also  tor  sp«M'ini(*ns  of  /pr/Z/^Z/.i'ii  from  Lake  ImiIo^zih*  in  liussia  tn 
the  kiutlness  td'  l>r.  Homuald  Minkiewie/.,  of  the  rnivei>ity  of  K;is:in,  Uussia: 
to  llerr  Max  Ntdgt,  o!  IMon,  I  am  umb»r  td>li^ation^  tor  s|HH-imenN  ..f  h>  lu-w 
s|H»eies,  lUnrr/hi  nmssthh.  l«'or  noies  ;ind  other  assisiauiv  I  am  indebu-i  :o  Hcrr 
OlH»rfoi*ster  1..  Ililllnger.  of  Slullgart.  iiermanx  :  to  V\>^i,  P*.  OVu*  /aeiiarirts, 
din»et*n*  of  tin*  l''r«\sli>\a!t»r  llitdogieal  Siatitm  at  Ph»n.  itermany.  a?n!  t.»  P:^•^  I>r, 
Kai'l  Kekstein,  Kberswalde.  <«ernmn\ .  It  is  a  plea«*U!"s'  :o  e\p:\*s>  heiv  m\  '.banks 
lo  theM'  gentlemen. 
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METHODS. 

The  use  of  preserve<i  in<)unle<l  spi^eiinens  has  been  tJie  basis  for  the  present  work. 
It  is  only  through  the  methods  devised  witliin  the  last  deeade  by  Mr.  Charles  F. 
Rousselet,  of  London,  Englantl,  that  the  use  of  such  preserved  material  has  l)eeome 
possilde  in  the  study  of  the  Kotatoria.  Ilenee  the  complete  lack  hitherto  of  type  or 
reference  siM*cimens  among  tliese  animals.  This  has  Ix^en  one  of  the  prime  causes 
of  the  great  confusion  in  the  classification  of  the  Rotatoria.  A  few  of  the  genera 
liave  been  worked  over  in  the  last  fcwyeai-s  with  the  use  of  preserved  specimens  by 
Mr.  RiMisselet  and  his  collaborators  in  Englan<l.  It  is  not  too  niu(*h  to  .say  that  it 
will  ])e  necessar\'  to  go  over  the  entire  group  of  Rotatoria  in  the  .same  manner  l>efore 
onler  can  \ye  ])rought  out  of  the  present  confusion. 

KiUing  a:ul  pre>if  rmtion. — The  collections  of  preserved  material  on  which  the 
following  paper  is  based  were  made  as  follows:  The  Rotifera  were  taken  in  various 
ways — by  towing  with  the  tow  n<»t  in  water  free  from  vegetation,  by  washing  aquatic 
plants  in  jars  of  water,  by  bringing  into  the  laboratory  ([uantitii^s  of  aquatic  plants 
together  with  some  of  the  water  alwut  them,  etc.  Most  of  the  Rotatoria  come  after 
a  time  to  the  lighle<l  side  of  the  vessel  in  which  the  material  collected  is  placed. 
These  an*  transferred  in  large  numbei's  to  a  watch  glass  an<l  placed  l>eneath  a 
simple  microscope  or  low  power  of  the  compound  mi(*rosco|>e.  where  the  movements 
of  the  organisms  can  Ix*  obs(M-ved. 

Now  a  considerable  <[uantity  of  Rousselet's  nai*cotizing  fluid  is  mixeil  with  the 
water  in  the  watch  glass.  One-fotirth  as  much  narcotizing  fluid  as  tlien*  is  water, 
or  a  larger  or  smaller  proportion,  may  be  used,  as  se4»ms  d<»sirable  from  observation 
of  the  movements  of  the  animals.  Rousselet's  narcotizing  fluid  consists  of  '1  percent 
solution  of  hydnn^hlorate  of  c(H*aine.  3  i)arts:  methyl  alcohol,  1  part:  wat^M-,  fJ  parts. 
This  causes  th<»  animals  to  swim  slowly  and  gradually  to  settle  to  the  liottom;  the}' 
will  sixm  die,  and  if  allowed  to  die  unfixHl  will  be  ([tiite  woi-thless  forstudy,  <le.struc- 
tivechanges  taking  plaee  in  the  tissuesat  the  moment  of  death  or  i)erhapseven  before. 
As  .soon,  therefore,  as  most  of  the  rotifers  have  sunk  to  the  bottom,  as  much  of  the 
wat4»r  as  possible  is  drawn  otT  from  alM)ve  them  with  a  pipette.  Then  a  small  amount 
of  n.2.")  ]H'r  cent  <»smic  acid  is  intro<luced,  which  kills  and  fixes  the  rotifers  at  once. 
Now  rf*move  the  osmic  acid  as  quickly  as  this  can  l)e  done  without  taking  up  too 
many  of  the  rotifei's  (within  a  minute  or  two  if  iK)ssible),  and  wash  si^veral  times 
in  distilled  water.  In  thus  fixing  the  rotifers  in  large  numl>ers  at  once,  it  is  usually 
imiM)ssible  to  draw  off  the  osmic  aci<l  as  soon  as  wouhl  l)e  lx\st,  so  that  the  animals 
l>ecome  much  blackened.  But  the  blackening  may  l>e  removed  later  with  hydrogen 
peroxide.  If  the  osmic  aci<l  has  l)eiMi  used  at  the  right  time  usually  a  majority,  or  at 
least  manv.  of  the  rotifei-s  will  Ik?  found  to  l)e  fixed  well  extendtnl.  l>ut  as  the  time 
required  for  narcotization  varies  with  difl'erent  spe(*ies  as  well  as  with  different 
individuals  of  the  .same  species,  many  of  the  animals  will  Im?  found  (*ontracte<l  or 
with  the  structure  j)artly  obscured  by  deg(Mierative  changes.  With  practice,  how- 
ever, it  will  iMM'ome  i)ossible  to  secure  a  sufficiently  large  j>ercentage  kille<l  in  good 
condition  to  make  the  collection  very  valuable. 

Vi)v  study  of  the  loricate  Rotifera  it  is  advisable  to  kill  some  part  of  every  col- 
lection directly  by  means  of  osmic  acid,  without  previous  narcotization,  for  in  the 
loricate  rotifers  some  of  the  most  imix)rtant  distinctive  characters  can  l>est  l)e  seen 
in  contracted  specimens. 
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ArUT  wveral  washing  tlio  rail  eel.  ion  u  ai-p  prcwrvpii  in  3  li>  D  per  cent  foi-iniiliii 
(3  l<i  C  parts  ctimmi-rrial  formalin  to  100  jmrtu  water).  Tlioy  can  not  In-  jirt'sorveil 
in  al<-4)hol  without  vausinf;  o'xtonmvc  slirinkatrR,  reiKlcrinj;  tlictii  nwloss  fur  further 
Mtndy. 

These  collections  may  later  \to  exaiiiiii<><1  under  a  h'-ns  in  onli'r  to  stiuly  thi» 
rotifers  Itoloiiftia^  to  any  family,  ueniis,  or  species,  nu<l  Ihe  s|ieciiiiens  desii-ed  picked 
ont  hy  means  of  a  pipelle  drawn  Ui  a  capillary  jxiint.  The  dilterent  «|)ecies  are 
sortod  into  difTerciit  wat<'h  i;lassi<s,  and  the  l)lackcnin{i;  due  to  the  osmic  acid  ifl 
remove<l  hy  drawing  olf  inosi  of  the  forinalin  and  adding;  a  few  drops  of  hydi-ofp'n 
I»eroxidi'  tor  a  few  minntes.  As  «o<m  as  ilic  dcsii-cd  dcun'e  of  bleaching;  is  i-<>ache<l 
the  liydrojren  jw-roxidc  is  n>pla<>cd  by  formalin.  The  fornmliu  should  Ix-  chaiifjiHl 
several  t.iiiieH  ami  allowed  1o  slaud  Ncverai  honi-n  la-forv  nioiuitinK  the  Npe<-iiiteus, 
otherwise  buhblits  of  o\y;ren  may  appear  niider  the  cover  jila«»  after  it  is  sealed. 

SptM'inicns  which  have  u«tt  l>eeii  in  itsniio  acid  hnif!  enouf^h  to  rei|uiri'  blcacliinn 
are  better  in  some  ifspi-ds  than  those  that  have  lieen  bleached  by  the  hydro;j;en 
IJcroxide,  a.s  the  latter  i-enioves  the  pifrment  from  the  eye,  as  well  us  the  blackeniuK 
dno  to  the  osniie  acid. 

The  siM-einieus  an'  then  monnled  in  hollo w- jtmii nd  slides.  The  .slides  should 
Iw  thin  and  the  concavities  shallow,  so  Ihat  it  will  Im-  possible  to  use  hifih  powers  of 
the  mici-oseopo.  The  spe<'irneus  are  i  ransferred  to  the  concavities  aton^  with  some 
of  the  formalin,  and  covered  with  a  cir-culiu-  cover  {jlass.  It  is  best  not  to  leave  any 
bubbles  of  air  Iwnealh  the  cover.  Tlie  sn|»erfliious  fliii<l  is  withdrawn  from  ihe 
e«lKe  of  Ihe  cover  wilh  a  bit  of  filler  pa|HT,  ami  the  cover  is  then  sealed. 

It  is,  of  course,  uccessnry  to  use  some  scidint:  material  that  will  not  allow  water 
to  evapomte  tlirough  it.  Mr.  Housseh-t.  the  oiij;iiiiiior  of  this  nieiii<Kl  of  mounting 
rotifers,  reeommcnds  the  following;  for  scalinjr  the  mounts:  After  (i.xiny  Ihe  eover 
wilh  a  riiit;  eomi>o.sed  of  a  mixture  of  two-ihirds  t;nni  damar  with  one-lhiiil  «old 
sisce,  there  are  added  two  coats  of  pure  shellac,  followed  by  thrw  or  fiuir  coats  of 
jpild  si/.e,  alhiwinn  twenly-fonr  houi-s  for  ea<'h  <'oal  to  dry. 

The  followiuK  accoiiiit  of  Ihe  li,ill,iU.Uv  is  basi-d  on  the  study  of  KH  eollections, 
mtwlo  as  above,  an<I  represt'iitiiij:  aln)nt  half  as  many  ditterent  slalioiis.  These 
collections  wei-c  mostly  made  almnt  Ihe  shores  of  l.aki-  Kiie,  durin;r  Ihe  suuiun-rs  of 
ISftS,  lKt<!)  and  1!"H.  while  the  writer  was  e<.nn.'<-led  with  Ihe  biolojii<-al  work  on  Ihe 
(Ji-eat  Ijikes  <-ai'ricd  on  by  tlie  I'nited  States  Fish  Comndssion.  The  fulhiwia;! 
■-(■{rions  were  examined  wilh  HiM'cial  thorouf;hncss: 

1.  The  i:ei;ioii  aboul  the  ishuKls  in  Ihe  western  part  ot"  Lake  Krie. 

•2.  The  soulh  en-  Ohio  slioi-e  of  Luke  Kri<-.  in  the  ivyicTi  kmiwn  as  Kiist  ILn-bor, 
some  distance  fnnii  San<lusky,  Ohio. 

:j.  The  lake  shore  and  river  at  llnnm,  nhi.i. 

4.  The  ntjiion  alM>ut  Krie  Harbor,  Pennsylvania.  Lii.ludiiif;  the  swamps  and 
ptmils  on  I*n's(jiie  Isle. 

.1.  1/uiK  Toiot,  on  the  <'amidiaa  shon*  of  Irfikc  Kric 

fi.  Many  collections  have  also  liecn  made  almnt  Ann  .\rbor.  .Mieli..  in  |he  iluroii 
River,  and  in  a  numlx-r  of  small  stii-ams  ari<l  ponds  in  Ihe  iieishb..rlioud. 

'Hiese  eolliK-tions  have  been  su|)plenienled  by  s|M'<-imcns  ami  miles  fnndshed 
by  a  nnmlier  of  invesliiialoi-s  in  Kni-ojH',  as  mcniioiiefl  in  tin-  ititriHluction. 


ROTATORIA    OF   THE    UNITKD    STATES.  279 

STRUCTURE  OF  THE  RATTULID^. 

The  RatiiUifJfe  are  Kotatoria,  usually  of  small  size,  in  which  the  cuticle  of  the 
bo<ly  has  become  stiffened  to  form  a  sort  of  shell,  railed  a  lori(»a.  At  llie  anterior 
end  is  a  ciliated  area  or  corona,  bv  means  of  whi<»h  the  animal  swims;  this  inav  l>e 
retracted  within  the  lorica.  At  the  iM)sterior  end  is  a  small  separate  joint,  known 
as  the  foot  { /,  figs.  1,  -7,  4»'»,  etc.).  To  the  foot  are  attached  one  or  two  bristle-like 
structures,  which  are  called  the  toes.  Tin*  internal  organs  comprise  an  alimentary 
canal,  nervous,  muscular,  cxcM-etorv,  and  repro<luctive  systems,  and  certain  mucus 
glands.     In  tin*  following  account  these  sets  of  organs  will  l>e  taken  up  in  order. 

I.  EXTERNAL  FEATIRES. 

(1)  (ieneral  farm. — The  more  usual  form  of  tlie  Iwxly  in  the  Riithdidc^.  is  that 
of  a  cylinder,  or  long  oval,  fre(|uently  curved.  In  some  cases  the  Ixxly  is  much 
elongated,  as  in  RatUdus  elomjdfns  (iosse  (pi.  Xll,  fig.  1<>-),  or  DiureUa  insiguis 
Herrick  (pi.  ll,  fig.  15);  in  other  eases  it  is  short  and  plump,  as  in  DiureUa  porceUus 
Gosse  (pi.  II,  figs.  10-21).  In  a  few  cas<^s  ( RaftuJns  Julus  Jennings,  pi.  vii,  figs.  05,  G6; 
R.  muJficriuis  Kellicott,  pi.  vi,  figs.  55-57)  the  bo<ly  is  broad  and  ovoid  in  form. 

A  striking  feature  of  the  animals  is  their  tendency  to  asymmetry  in  shape. 
This  shows  its^df  in  many  ways.  The  body  with  the  toes  usually  forms  a  curve, 
concave  to  the  right,  convex  to  the  left  (figs.  1,  S,  1<;,  28,  l^J,  1»5,  00,  102,  etc.).  The 
cur\'e  is  often  not  simple,  l)ut  is  of  such  a  nature  that  the  body  forms  a  segment 
of  a  spiral.  This  is  perhaps  liest  seen  in  fig.  1,  of  DiureUa  //r/r/.s  MiiUer;  it  is  a 
characteristic  which  is  difficult  to  represent  in  a  drawing,  although  often  very 
noticeable  in  the  animal  itself.  As  will  l)e  seen  later,  the  asymmetry  shows  it.self 
in  the  form  and  arrangement  of  many  organs. 

(2)  Larica  — The  body  is  covered  with  a  hardened  cuticula,  known  as  the  lorica. 
The  lorica  covers  the  body  completely,  being  without  openings  at  the  sides,  but  it 
is  oi>en  anteriorly  for  the  proj<M*rion  of  the  corona,  an<l  posteriorly  for  the  protrusion 
of  the  foot.  The  lorica  is  not  so  stiff  an<i  unyi<dding  in  the  Raffulida  as  in  many 
of  the  Kolifcra,  usually  i)erinitting  considerable  change  of  form.  Compare,  for 
example,  the  extende<l  form  of  Rattuhis  Jamjisttn  Schrank  (pi.  viii,  fig.  07)  with  the 
contracted  form  in  the  same  species  (])l.  viil,  fig.  7n).  In  some  si)ecies  the  lorica  is 
stifFer,  not  permitting  such  markcMl  changes  in  shaiH*. 

Head-sheath. — The  ant(»rior  part  of  the  lorica  is  usually  s(»t  off  from  the  i*emain- 
der  of  the  body  by  a  slight  constriction.  This  anterior  portion,  covering  tin*  head, 
ma}'  1m»  known  as  the  head-sheath  (//.  .s-.,  figs.  1,  3,  8,  etc.).  It  presents  a  num]j<^r  of 
interesting  characteristic's,  and  .some  that  are  very  impoi'tant  in  classification.  Only 
in  Rattidus  latus  Jennings  is  it  impossibh*  to  distinguish  a  head-sheath  from  the 
remain<ler  of  the  lorica. 

The  head-sheath  fre<iuently  has  hingitudinal  plaits,  if  they  may  l)e  so  designated, 
which  serve  for  permitting  the  folding  of  the  head-sheath  when  the  head  is  retracted 
within  the  lorica.  Th(\se  are  well  s<*en  in  figs.  3,  4,  58,  50,  and  02.  These  plaits 
seem  to  1k»  due  to  alternate  longitudinal  strips  of  hard,  stiff  material,  and  of  soft, 
jielding  cuticula.  On  the  inner  surface  of  the  head-sheath  aiv  many  fine  transverse 
muscle  fil)ers  (sliown  e.sp(»cially  in  figs.  58  and  50,  pi.  vi).  When  th<*  head  is  drawn 
within  the  lorica,  these  longitudinal  folds  are  lirought  together  b}'  the  yielding  of  the 
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soft  strips  betwtvii  Iheiii,  and  partly  slip  over  one  anotlier,  so  that  the  size  of  the 
head-sheath  is  greatly  reduced  and  the  anterior  ojxMiinjr  n(»arly  or  (^iiite  elosed.  It 
is  possible  to  withdraw  tlie  head,  at  least  partly,  in  most  speeies  without  eausing  the 
complete  foldinj^:  of  the  head-sheath;  evidently  a  supplementary  contraction  of  the 
fine  transverse  muscle  Abel's  is  necessary  to  bring  this  a])out. 

In  some  species  (notably  Diurelln  //f/r/.s  Midler,  pi.  I,  figs.  3,  4;  Diurelltt  rous- 
seleti  Voigt,  pi.  iv,  fig.  M:  Rattnhis  mulfirrtniH  Kellicott,  pi.  vi,  fig.  5S;  RnUiilus 
capucinus  Wierz.  &>  Z^ich.,  fig.  51),  and  Raftnhfsrijlindricus  Imhof,  pi.  vii,  fig.  Oi>)  the 
head-sheath  falls  when  contra^'ted  into  very  regular  folds.  In  /).  iiyris  Mftller, 
D.  rou.sselefi  Voigt,  and  />.  int^n-media  Stenroos,  and  perhaps  in  other  species,  the 
numl)er  of  these  folds  is  nine.  In  some  other  species,  as,  for  example,  in  R(tttulns 
(jracilis  Tessin,  pi.  v,  fig.  48,  tlie  folds  are  v(»ry  irregular.  In  still  other  sin^cies  no 
such  folds  are  present,  and  the  lorica  may  ivmain  widely  open  when  the  head  is 
retracted.     This  is  the  case,  for  (examples  in  Ratfidus  srijiio  (toshc,  pi.  v,  fi)?.  52. 

On  the  anterior  dorsal  margin  of  the  head-sheath  there  are  in  certain  species 
of  the  Raiiuliihv  a  number  of  teeth.  In  Diurelhi  rnusselefi  Voigt  theiv  are  nine 
well-marked  teeth;  in  other  si)ecies  there  are  but  one  or  two.  Leaving  out  of  con- 
sideration for  the  present  the  case  of  Diurella  rousseh'ft\  wo  may  (dassify  the  teeth 
in  other  species  into  two  categories: 

(a)  In  Raffulu.s  mtiliicritiis  Kellicott  (pi.  vi,  tigs.  55  and  5S),  RdfhiJtus  mpuriniis 
Wierz.  «fe  Zach.  (pi.  vi,  figs.  51)-61),  and  Raftulus  ri/litHlrirus  Imhof  (pi.  vii,  fig.  62), 
there  is  a  single  nearly  median  j)rojection  of  the  dorsjil  lorica  edge,  exU^nding  over 
the  head.  In  Rafttilus  rylindn'rus  Indiof  this  is  prolonged  into  a  long  hook,  curved 
downward  over  the  anterior  oi>eniug  of  the  lorica.  In  these  cas<»s  the  tooth  scmmus 
to  l)e  nearly  or  quite  in  the  middle  line. 

(b)  In  a  numlH^r  of  other  species  there  is  eith(»r  one  toi^th  {Raff itl us  f/rncilis  Tes- 
sin, figs.  45-48;  Raftulus  s<ipio  (4osse,  figs.  50-52;  Diurella  fhjris  M(\ller,  figs.  1,  3,  4; 
Diurella  fenuior  Gosse,  figs.  7,  S;  Diurelht  u^eheriy  figs.  12-14  and  1KU117;  Din- 
rella  infermeflia  ^tenrooH^  figs.  108,  10I>) — or  two  teeth  (Raftulus  louf/isffa  Schrank, 
figs.  07-70;  Diurella  ijusiynis  llerrick,  figs.  15,  10:  Diurella  ])ar('^llus  (io.sse, 
figs.  10,  20;  Diurella  sfylafa  Kyferth,  figs.  27-3n),  whieh  seem  of  a  different  cliar- 
act<*r.  These  lie  distinctly  to  the  right  of  the  dorsal  michlle  line  (so  far  as  that  can 
l>e  define<l),  ami  form  prolongations  of  one  or  both  edges  of  the  '\striated  area"  of 
the  lorica,'hereaft.er  described.  Whcui  there  are  two  of  these  teeth  they  an>  usually 
unequal  in  size,  the  right  one  Iwung  longer.  (Only  in  Diurella  sttjlaf^f  Eyferfh  are 
they  nearly  or  quite  equal  in  length.)  In  most  species  they  are  merely  short  teeth, 
but  in  Raftulus  loutjisefa  Schrank  and  Diurella  sfylafa  Kyferth  they  are  long  spines. 
The  position  of  these  teeth  on  the  right  sich*  is  one  of  the  markedly  unsymmetrical 
charactei*s  of  the  Raffulido'.  A  further  ac(*ount  of  lhes(»  teeth  may  best  Im»  deferred 
until  the  *' striated  area''  has  been  described. 

Many  of  the  8i)ecies  have  no  teeth  at  the*  anterior  edge  of  the  lorica.  The  ante- 
rior opening  of  the  lori<\*i  is  usually  oval,  with  a  slight  notch  near  the  v<»ntral  middle 
line.  In  some  few  cas4»s  the  edge  of  the  head-sheath  j)rojects  farther  on  the  left  side 
of  the  opening  than  on  the  right.  This  is  notably  the  <*ase  in  Diurella  ueheri  n.  sp. 
(pi.  XIII,  figs.  110-117);  it  is  slightly  so  in  Diurella  ffuuifw  (iosse  an<l  Diurella 
hrarhyura  (tossc,  and  jx^rhaps  in  otlier  species. 

In  som(»  cases  thre<»  or  four  or  more  t«»eth  have  Ixn^n  descrilxMl  by  different 
authors  at  the  ant<»rior  edge  of  the  lorica.     In  many  cases  this  is  due  to  the  optical 
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efTei»t  of  Die  loii^tii<linal  folils  in  the  hea<l-slu»ath  above  desoribed  or  to  the  slight 
i*oiiiide<l  projections  of  et*rtaiu  parts  of  the  head-sheath  mentioned  in  the  last  para- 
jjraph.  Sometimes  the  folds  of  the  head-shealh  project  as  sharp  teeth.  An  example 
of  this  condition  is  fonnd  in  Diurelhi  ntH.ssf^hfi  ^'oigt,  where  th4»iv  are  nine  of  these 
teeth.  These,  however,  an*  of  different  (•haraet4»r  from  the  one  or  two  teeth  which  1 
have  descril)ed  above.  Th«»s<»  latter  arc  structures  to  a  <*prtain  extent  sui  (jfiieris^ 
and  I  shall,  as  a  rule,  restrict  the  us<»  of  th<»  term  Ut^th  in  this  (connection  to  them. 

Stenroos(l  SOS)  has  described  a  new  species.  Mnst'KjiHfrca  (Ruttnlus)  rosfn^  which 
is  said  to  have  two  long  teeth  or  spines,  like  those  of  Baftnlus  lomjisdit  Schrank,  at 
the  ventral  margin  of  the  lorica.  In  other  respects  the  animal  resembles  Raffulii.s 
lonijiseia  Schrank.  As  this  peculiar  i)osiiion  of  the  teeth  is  unknown  in  any  other 
of  the  Rathdi(la\  and  is  entirely  out  of  harmony  with  the  struct un»  an<l  l)eliavior  of 
the  Rnthiluht  in  other  respects  (as  will  apiM*ar  later),  it  s<NMns  possible  that  then* 
was  an  error  of  ol>servation  in  this  case. 

Hiriiited  nrt^a^  R'uhjf. — One  of  the  most  pe<*uliar  characteristic's  of  the  Raihdithi 
is  the  pres(»nce  on  the  lorica  of  a  dorsal  longitudiiml  area,  striateil  transversely, 
which  extends  from  the  ant<»rior  edge  some  distan<*e  backward  on  the  b<xly.  This 
area  shows  the  most  varied  <lifferentiati(ms  in  different  species — in  .some  api>earing 
as  a  single  high  ridge,  in  otlu^rs  as  two  ridges,  in  othei*s  as  a  depression,  while  in 
still  other  cases  there  is  no  change  in  the  surface  of  the  lorica  at  this  region  except 
the  transversa*  striations.  This  |>eculiar  area  is  so  characteristic  for  the  Raftulida^ 
and  plays  such  a  part  in  determining  their  forms,  that  it  must  Ix*  tn'al4*d  in  full. 

The  area  is  unsymmi*trical  in  position,  usually  In^ginning  at  the  anterior  margin 
of  the  lorica,  to  the  right  of  the  mid-dorsal  line,  an<l  passing  obliquely  backward 
and  towanl  the  left  side.  Its  sitles  are.  as  a  rule,  rather  sliari)ly  defintMl,  fnujuently 
appearing  as  thickenings  or  ridges.  This  area  shows  in  Raffuhis  ^hmijulns  (tossc  a 
condition  which  will  serve  as  a  useful  point  of  d(»i)arture  for  an  undeiNtanding  of  the 
various  differentiations  which  it  undergOi\s  in  other  species.  In  R.  flotttjntHs  Goase 
(pi.  XII,  fig.  1^2)  the  area  begins  at  tht*  anterior  edge  as  a  broa<l,  shallow  furrow,  with 
well-marke<l  sides.  This  furrow  lies  a  litth'  to  the  right  of  the  position  of  the  eye,  as 
seen  from  alH)ve.  From  the  sides  of  the  furrow  transverse  striations  j)ass  t^)wanl 
its  middle  (and  a  little  forwanl).  The  striations  an*  not  (continuous  from  one  side 
to  the  other,  but  me<»t  in  the  middh*  of  th<*  furrow  in  a  sort  of  rliapln*. 

The  furrow  proper  (*xtends  backward  for  a  distance  only  som<»whal  gn^ater  than 
the  dianif*terof  the  lorica.  Near  its  posterior  end,  in  its  middh*  line,  is  situate<l  tin* 
dorsal  ant(*nna.  Though  the  furrow  or  depn*ssion  Indow  th<*  gen(*ral  surfac**  C4»ases 
at  th«*  point  above  indicated  (shown  at  ./*,  figs.  1<»2  and  !<>•")),  the  striat4Ml  aiva  con- 
tinu4»s,  with  well-defined  edges,  for  about  one-thinl  the  l(*ngth  of  tin*  lorica. 

In  Riithdus  lonyisehi  S(*hrank  (pi.  viii,  fig.  07)  the  striatcnl  area  is  of  very  nearly 
the  same  character  as  in  Raffuhis  tlongafns  (ioss(*,  save  that  it  exists  as  a  depres- 
sion lhn)ugh()ut  its  entire  IcMigth,  reaching  to  the  middle  of  tin*  lorici^i.  In  this 
s|)eci4*s  we  hav<*  another  characteristic  f(*atin*e  added — th«*  n*lation  of  thestriat^nl 
area  to  the  two  anterior  te4*th  or  spin4*s.  Thf^  hm  ffeth  an  mnthnnitions  of  the 
thirkenfd  fdyes  (tf  tite  sfriaffd  furron-.  This  appeal's  to  1h*  true  in  all  sjM*ci4*s  where 
the  teeth  exist.  The  tooth  or  spine  which  forms  the  continuation  of  the  right  4*dg<» 
is  much  longer  than  tin*  l«*ft  one. 

What  is  the  function  of  this  striat4Ml  area  and  what  are  the  transvei-se  striations 
which  mark  it?     The  striated  furniw,  as  we  find  it   in  Rnftuhis  hnifjisetn  Schrank, 
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beai*8  iiiudi  ivscMnblance  to  one  of  the  lonjjritndinal  folds  in  the  head-sliealh  of  8U(*h 
species  as  NaUuhi.s  raj^ucinti^s  Wierz.  it  Zach.  and  RaUulufi  tii nUirrinis  Kellieol  t  (pi.  vi, 
figs.  58  and  59);  and  these  folds  are  cross-stria t<»d,  jnst  as  in  the  case  of  the  furrow. 
The  striations  in  the  folds  of  the  head-sheath  are  evidently  tine  muscular  hands, 
whicli  have  tlie  office  of  bringing  the  fohls  together  when  the  liead  is  withdrawn. 

In  the  case  of  the  dorsal  striated  ai*ea,  it  seems  beyond  question  that  the  stria- 
tions are  of  the  same  nature — that  they  aiH»  muscular  bands.  They  are  clearly  not 
surface  markings,  but  are  internal  bands.  This  is  seen  with  esi)ecial  ease  in  such 
forms  as  lintfuhi.s  carinatus  Lamarck  and  Rafixdus  hicriMatus  (xosse,  in  which  the 
striated  area  rises  in  the  form  of  one  or  two  ridges.  Moreover,  the  two  e<lges  of 
the  furrow  may  l>e  closely  approximated,  when  the  animal  is  strongly  retracted,  as 
in  pi.  VIII,  fig.  70.  When  the  head  is  extended  the  bases  of  the  two  teeth  (on  the 
opposite  sides  of  the  furrow)  are  a  considerable  distance  a[)art;  but  when  the 
animal  is  contracted  to  a  maximum  degree  the  two  are  almost  in  contact. 

The  striated  area  therefore  represents  a  longitudinal  flexible  portion  of  the 
lorica,  permitting  an  increase  or  decrease  in  the  ciriMimference  of  the  bo<ly.  The 
striations  are  muscle  fibei's,  bj'  means  of  which  the  approxinmtion  of  the  two  sides  is 
brought  al)out.  These  fibers  are  attached  at  the  middle  and  at.  th<*  two  thickene<l 
edges  of  the  area. 

In  Rdffuhh^  mwosHs  Stokes  (pi.  x,  tig.  S<))  the  two  edges  of  the  striate<l  area 
ai'e  raised  as  pronounced  ridges,  leaving  a  broad  and  deep  furrow  l)etween  them. 
The  striations  (muscle  fibers)  pass  from  the  summit  of  the  ridges  t4)  the  lM)ltom  of 
the  furrow.  Stokes (ISt)ri)  states  that  he  has  seen  the  two  ridges  <lrawn  toward  each 
other,  and  I  beli(*ve  that  I  liave  obs«»rved  the  same  thing. 

In  Rdfinlus  hicrisffitus  (tOssc  the  two  edges  of  the  area  reach  their  highest 
development,  rising  as  two  v(»ry  high  i^rominent  ridges  with  a  liroad,  deep  furrow 
between  them  (pi.  ix,  figs.  77  and  7S).  The  muscles  are  groui^ed  in  pr(m<ninced 
bundles,  which  pass  from  near  the  summit  of  the  ridges  to  the  middle  of  the  broad 
groov<^  between  them.  In  a  sqimrely  side*  view  of  the  ridges  the  ends  of  the  muscle 
bundles  an*  seen  as  irregular  areas. 

In  another  series  of  species,  of  which  Rattulus  cfirinafus  I^marck  (pi.  XI,  figs. 
05,  117),  Ratiuliis  l()j)hot'ssns  (tossc  (figs.  i>H,  09),  and  DiurelUi  tiyris  Miiller  (fig.  1), 
lufiy  be  taken  as  types,  only  tlie  riglit  edge  of  the  striat<Hl  area  is  elevated  into  a 
ridge,  the  left  not  rising  above  the  general  surface  of  the  bodj-.  Thus  a  single  ridge 
is  pnxluced,  having  its  edg«»  toward  the  right,  and  sloping  gradually  to  the  left. 
The  left  edg«»  of  thc^  striated  area  may  usually  be  recognized  as  a  sharj),  well-detintnl 
line,  but  not  at  all  elevated.  The  muscle  fibers  run  from  the  summit  of  the  ridge 
(on  the  riglit)  to  the  base  of  the  ridge,  at  the  left  boundary  of  the  ai'ea.  The  inter- 
ruption of  the  fibers  in  th(*  middle  of  the  area  can  usually  still  1m>  made  out  (though 
it  is  not  indic'ated  in  all  the  figures). 

Thus  we  have  produced  the  i)eculiar  condition  found  in  nmny  of  the  RaHidithe 
and  well  shown  in  fig.  1  and  fig.  95  (pi.  xi) — a  higli,  sharp  ridge  passing  cm  the 
right  side  of  the  ])ody  obliquely  backward.  Wh}'  the  right  ridge  should  thus  have 
develoi>ed  rather  than  the  left  one  we  shall  try  t<)  bring  out  in  our  gen<»ral  discussion 
of  the  asymmetry  of  the  RattuVuhv, 

In  addition  to  the  types  already  described  the  striated  area  is  i)resent,  in  a  (*on- 
sidera])le  number  of  si)ecies,  neither  in   the  form  of  a  well-defined  ridge  nor  as  a 
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vvellMlelined  ^move,  but  nuMoly  as  a  flexible  area  with  inarktKl  trausversi*  striatioiis. 
This  is  the  case,  for  c^xauiple,  in  BaffuIiLS  rfiilus  Miiller  (pi.  xi,  ligrs.  1(X),  lol).  In 
this  organism  the  striated  area  is  in  some  eases  apparently  swollen  out  to  form  a 
slight  rounded  ridj^e;  in  other  eases  it  seems  to  lie  at  the  general  level  of  the  loriea 
surface,  while  in  still  other  specimens  it  seems  to  form  a  slight  depression.  It  is 
probable  that  tln»se  are  functional  dilTerences,  <lue  to  the  state  of  contraction  or 
extensicm  of  the  spcMMmen.  Almost  every  intergradation  is  found,  from  the  furrow 
of  a.  elonynffis  (tossc  to  the  high  ridge  of  if.  car  hiatus  Lamarck.  In  perhaps  the 
majority  of  spe<»ies  (<»si)ecially  in  Diunlhi)  the  striated  area  is  merely  slightly 
elevated  at  its  right  edg<%  forming  a  low  ridge,  not  conspicuous  in  most  views. 

Th<»  area  in  which  tin*  transverse  striations  can  be  seen  usually  passes  from  the 
anterior  o<lge  to  the  middle  of  the  length  of  the  bo<ly,  or  to  a  point  souk*  distance 
behin<l  the  mi<ldle.  Tht*  lidge  formed  by  the  eh^vation  of  the  ar(»a  sometimes  con- 
tinues back  farther  than  the  striations,  and  may  extend  to  the  Ix^ginning  of  the 
f<x)t  (as  in  MaUulus  Joplioessus  Gosse,  pl.  xi,  figs.  '.'><,  lH')- 

Among  the  species  which  I  have  stu<li<Ml  with  care  only  Raffulu.s  /f////.s- Jennings 
and  jHM'haps  Ratfahis  mulfirrinis  Kellic4>tt  and  RnttuJus  capufiints  Wiei^z.  &  Zach. 
show  no  sign  of  the  striat(*d  area. 

A  word  further  should  1h»  said  about  the  rtdation  of  the  striated  area  t4>  the 
teeth  or  spines  at  the  anterior  e<lge  of  the  lorica.  Those  of  the  second  categtny 
mentioned  on  page  2S0  are  formed  as  outgrowths  of  the  thickened  edges  of  the 
slriated  area.  \Vh(»re  two  teeth  are  i)resent  both  the  edges  project,  that  formed  by 
tiie  right  i'i\]ii'  being  usually  the  longer.  When  only  one  tooth  is  pres<»nt  it  is 
form(»d  by  a  projection  of  the  right  edge  of  the  an»a. 

Th(»  anterior  i)rojections  of  the  first  category  mentioned  on  page  2S0,  found 
only  in  Raff ul us  cylindrirus  Imhof,  Raff ul us  cdpuflnus  Wierz.  S:  Zach.,  an<l 
Rattulus  niuJticrinis  Kellicott,  are  formed  in  a  som(»what  different  wa}'.  The 
initial  staL^e  in  the  pi-oduction  of  sueh  a  proje<*tion  is  found  in  Raffulus  eJotifjafus 
(iosse  (pl.  XII,  fig.  102);  the  entire  widtli  of  tlic*  striat<Mi  aiea  proj(»cts  at  the  anterior 
iH\^o  as  a  rounded  IoIm*.  In  Rfiffulu.s  rajnai/ms  Wierz.  S:  Zach.  and  7f.  niulfi- 
rrhiis  Kellicott  th(»  projection  has  develop<Ml  into  a  larg(»  triangular  t(H>th.  In 
RaftuJuscijJ'nuhiriis  Imhof  (pl.  vii,  fig.  iVl)  tlie  tip  of  this  tooth  has  further  developed 
into  a  l<»ng  hook,  curved  down  over  tin*  corona.  Tlie  tlir(*e  si)ecit»s  showing  this 
jKM'uliar  <lifTerentiation  oc(Mipy  a  different  position  from  most  of  the  oth<»r  species 
in  many  other  respects  also. 

(3)  F*K)t. — 'i'he  foot  is  a  short,  conical  structure  attached  to  th<»  bo<ly  at  the 
j)ost(»rior  end.  The  foot  shows  little  variation  in  structure,  excerpt  in  size  arid  form, 
being  in  some  <'ases  short  and  thick,  in  others  shinier.  In  a  few  cases  {Diurella 
jtorcfiJus  (toss(»,  J),  sulrafa  Jennings,  etc.),  the  ff)ot  is  very  small,  so  as  to  be  hardly 
recognizable  as  a  separate  structun*.  In  some  of  these  cases  it  is  usually  held 
completely  ret ra<*ted  within  the  Ixxly.  Som<»times  the  foot  shows  one  or  two  faint 
annulations  whicli  hav«»  at  times  been  <lescribed  as  joints. 

The  most  peculiar  thing  alM)ut  the  foot  in  the  RaftulitJji  is  its  usually  unsym- 
metrical  attachment  to  the  bo<ly.  The  joint  Ix'tween  the  foot  and  the  Iwxly  is 
commonly  oblique,  extending  farther  ba<'k  on  the  left  (or  left  doi'sal)  side  than  on 
the  right.  This  is  well  shown  in  fig.  S(;  (pl.  x),  fig.  UU  (pl.  xi),  and  fig.  lo3  (pl.  xll). 
In  some  cases  th<»  posterior  e<lge  of  the  lorica  proj<»cts  backward  som«»  <listance  over 
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the  fiK)t  on  the  left  Hide,  liut  u<)t  «ii  l.lio  rinlit.     Tlio  foot  is  thus  atltw'IwMl  Ut  tlie  loriea 
in  such  a  way  that  it  can  1>en<l  to  tlio  ri};ht,  but  not  to  the  loft. 

(I)  Ti>e». — The  U»»  form  porliapa  the  most  peenlinr  I'haractt'riatic  of  the 
Raffuliilft'.  Mostof  thcKotifprahav)?  1  wo  short  iKtst^rior  ftp|>«n<Iages  attwche*!  to  the 
foot,  jilacixl  Hi<l<!  by  side,  and,  like  most  i>aire<1  orgaim,  .siniilar  in  fonn  ami  size. 
Itut  in  the  RattuUfhi'  wp  find  tlu'  two  toes  in  the  majority  of  oaews  unequal, 
sometimes  excessively  so,  and  no  longer  side  by  side.  In  some  species  one  of  the 
toes  has  almost  ilisapi>earcd,  while  the  other  has  liecome  immensely  developed, 
forming  a  straight  rod  as  long  as  the  body  (in  Jtafliihi.t  njlhuirirus  Iniliof.  for 
example,  pi,  Vil,  fig.  (12). 
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The  steps  in  the  sj-ries  of  changes  Ijy  which  this  is  l>i-ought  atmut  may  iw  elearly 
followed  by  comparing  llie  toes  of  different  species.  In  n  few  niK't-U^n  {DlitreUa 
tkjrin  Miiller,  />.  Kulfatii  Jennings,  D.  hiienneih'a  Stcnr<M«,  etc.)  the  two  toes  are 
still  equal,  a.-<  in  i>ther  rotifei-s.  Oncttf  tliese  will  serve  l>est  as  a  starting-point. 
We  will  select  Diitnlhi  tiijrix  Miiller,  whose  tj)es  are  shown  in  text-ligure  1,  at  a. 

The  to<'s  fiirni  two  long,  curved,  iminled,  spine-like  ro<ls  of  equal  size.  At  the 
base  of  each  ai-e  four  small  flattened  spines  (so-called  sabstyles),  which  usually  lie 
closely  applied  (o  ihc  base  of  the  ti>cs.  The  use  of  these  snbstyles  was  iwintcd  out 
by  J'late  (18rt(;),  and  will  Iw  i-eadily  appreciated  when  one  of  tlie  Inibils  of  the 
animals  is  understoorj.  The  ptwtcrior  jmrt  of  the  iKxly  e<intains  two  large  glands 
(pi.  I,  ligs.  ;i,  4,  III.  I/.),  which  secrete  a  qiianlily  of  mucus,  which  is  store<l  np  in 
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two  large  ^acs  (figs,  o,  4,  ///.  r.).  These  sacs  open  one  at  the  base  of  each  toe,  and 
discharge  the  miieus  out  upon  tlie  surfa(*e  of  tlu*  toe.  Thence  it  trails  behind  the 
animal  as  a  long  thread,  by  means  of  which  tin*  i-olifer  attaches  itself  to  various 
external  objects  an<l  hangs  in  the  water,  as  a  si)id<M'  by  its  thread.  The  mucus 
passes  (mt  of  the  sa<!  betwet^n  the  substyles  and  the  main  toes,  and  the  four  substyles 
serve  to  direct  its  course  out  ah>ng  th<^  sui'faee  of  the  toe. 

But  the  two  toes  in  />////7//<^ //r//v'.s  Miiller  are  not  place<l  exactly  side  by  side, 
as  in  most  rotifers,  l)nt  they  i)artak(»  of  the  prevailing  asymmetry  of  the  animal. 
The  attachment  of  the  toes  to  the  foot  is  obliijue,  like  that  of  th(»  foot  to  the  body, 
so  that  the  right  toe  lies  at.  a  higher  level  than  the   h'fl.     1'he  ai-raMgement  will  l)e 


Flii.  1.— Dorsal  virws  «if  ih*-  t«M.'s  in  a  uuiuImt  of  si><'ci«'s  of  li'nttnhdn-.  sliowiuj;  k'*»''"J*1  ivdurtiou  of  tlio  right  t^K^. 
(j)  R.  lonyinetti  Hi-hmuk:  ik)  I!,  sttfnn  dttsst':  i/i  I!,  lorintitiis  Ijnumrfk:  tin*  I!.  nnilticnni.s  Ki^Wirittt:  Hn  li.  ptiMil- 
luM  Lauterljom;  (o\  A*.  hirriMtatus  Cl«jf*««.*  dmse  of  to<.»  only  ». 

best  understood  if  one  conceives  it  to  have  been  bronght  about  as  follows:  The  toes, 
originall}'  CM)ncave  downward,  have  been  twisted  at  their  attachment  to  th(*  foot,  so 
that  their  concavity  now  faces  to  the  right  (i)l.  I,  tig.  1),  and  the  right  to(»  lies  al>ove 
the  left,  as  the  animal  creeps  along  the  bottom.  The  toes  an<l  foot  can  tlierefore 
now  ben<l  oidy  to  tin*  right,  not  toward  the  ventral  side,  as  in  most  rotifers. 

Now,  as  a  result  of  the  condition  abov<»  descril)ed,  the  two  toes  no  long(»r  have 
the  same  relation  to  the  environment  as  they  havc^  in  a  bilaterally  symmetrical 
animal.  This  similar  relation  to  the  environnnuit  is  usually  assigned  as  a  reason 
for  the  similarity  of  paired  organs,  and  the  lack  of  su<*h  similar  relation  to  the 
envir<mni(Mit  may  l>e<M)me  an  (Mjuaily  goo<l  ground  for  the  loss  in  similarity  of  two 
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organs  no  longer  having  this  isolation.  The  lower,  originally  left,  tor  is  now  next 
to  the  bottom  when  the  animal  is  ereeping,  and  will  more  often  eome  in  contaet 
with  it  than  will  the  right  toe.  ^loreover,  when  a  thread  of  nuieus  hangs  from  the 
toes  and  eatehes  on  sonio  objeet  on  the  bottom,  it  will  more*  oft<»n  b<»  that  from 
the  low(»r  (left)  toe. 

So,  iHM'haps  as  a  eonsequenee  of  this  change  of  position  and  of  relation  to  the 
environment,  the  right  or  upjM^r  toe  In^gins  to  degenerate.  The  steps  in  degenera- 
tion aiv  easily  tra<»eable  and  are  shown  in  text-lignre  1.  In  Ditinlhi  sfi/hifa  Eyferth 
(^)an<l  I),  hrarliyuf'd  Gosse(r)the  toes  an*  almost  eqnal,  but  the  left  is  a  little  longer. 
In  Diurelld  porrellus  Gosse  (</)  the  diffeivnee  is  greater.  In  DiurelUi  tnsi(jni.s  Iler- 
rick  (e)  and  D.  feuu'uyr.  Goss<»  {/)  the  right  toe  is  alH>ut  half  as  long  as  tlu*  left.  In 
Raftifhfs  [//-'/r/Z/.s  Tessin  (y)  it  is  al)out  oiu^-third  the*  length  of  th<»  l<»ft.  Th<'  right 
toe  now  forms  a  small  spine,  whieh  has  its  tip  bent  towanl  the  main  or  l(»ft  to4»,  an<l 
lying  against  th(»  latter.  Rattulus  /oy>/iOf',s.s//.s  (4oss<^  (//)  shows  a  still  farther  step; 
7?.  ehmydtnH  Gosse  (/),  R.  lonyi.sefa  Sehrank  (./),  R.  sripio  Gossi*  (A*),  R.  mriiKtlus 
Lamarck  (/),  7v\  ntulfirrinis  Kellicott  (m),  and  /?.  7>//,s/7///.s-  Lauterborn(//)  still  farther 
ones  in  tlu»  redu(*tion  of  th<»  right  Uh"  and  corn^sponding  increase  in  the  left  one. 
Jn  the  species  last  namcKl  (•'  to  //)  the  rudimentary  right  toi»  has  usually  been  classed 
with  the  substyles;  it  can  generally  be  recognized,  however,  by  its  form  an<l  posi- 
tion, as  well  as,  at  times,  by  the  fact,  shown  in  /,  that  one  of  th(»  mucus  reservoirs 
opens  at  its  base.  Finally,  there  are  certain  simhmcs,  as  Raftulus  lurristafifs  (tosso 
(o),  R.  iimrosus  Stokes,  and  others,  in  which  it  is  v(»ry  diHicult,  or  impossible,  to 
distinguish  In^tween  the  rudimentary  right  toe  and  the  substyU^s. 

It  is  ])robabl(»  that  this  degeneration  of  one  of  the  toes  is  relale<l  primarily  to  the 
habit,  so  common  in  the  Rfiffitlida'y  of  becoming  suspended  from  foreign  obje<*ts  by 
a  threail  of  mucus  attached  to  the  tip  of  the  t(K*,  and  then  revolving  on  the  long  axis. 
It  is  evident  that  a  single,  long  rod  is  much  better  fitted  to  serve  as  a  pivot  than  two 
tot*s  side  l)y  side.  These  would  impede  the  revolution  by  furnishing  resistance  to 
the  watiM*. 

The  substyles  are  present  all  through  the  series.  Their  number  varies;  in  most 
easi\s  each  of  the  t  wo  toes  seems  to  have  two,  thre(s  or  four.  In  RnfftfJu.s  hirrisf^dus 
Gosse  (t<^xt-ligure  1,  o)  at  least  eight  can  Ik*  se<*n  about  the  base  of  the  main  too; 
among  these  the  rudimentary  right  toe  can  hanlly  b<»  distinguisluMl  from  the  others. 

Hand  in  hand  with  the  reduction  of  the  right  to(^  go<»s  a  i*e<luction  of  the  nuuMis 
reservoir  which  is  conncM'ted  with  it.  Tlu*  reduction  of  the  mucus  res<M'voir  is  not 
so  extensive  as  that  of  tin*  tm*,  and  it  n<.»ver  completely  disappears.  Indee<l,  in  .somo 
cases  whei*e  the  toes  arc*  very  un(H[ual,  the  two  res(*rvoirs  remain  of  the  same  size. 
This  is  true  in  Ratfulus  sfylafu.s  Gosse  (tig.  1>l\  pi.  x. )  Une<[ual  res<*rvoirs  an*  shown 
in  text-ligure  1,  J  and  o. 

Ai)parently,  in  some  siH»cies  at  least,  the  tocis  are  of  the  full  length  wlien  tlio 
aninml  is  hatched  from  the  t^^y;,  while  the  IxMly  is  much  smalh'rthan  it  later  iK^conies. 
Thus  in  young  specimens  the  toe  is  mucli  longer  in  proportion  to  the  IxKly  than 
in  adults.  This  is  well  shown  by  comparing  figs.  18  (pi.  ii),  51  (pi.  v),  IM)  (pi.  x), 
n^presenting  young  specimens  respectively  of  Diurella  in.sifpiis  II<*rrick,  RnUuIu^ 
acipio  Gosse,  and  R.  nntatsus  Stokos,  with  the  other  figures  repn^senting  adult 
specimens  of  these  si)e(*ies.  This  is  a  i)oint  worthy  of  si)ecial  note,  as  it  may  easily 
lead  to  error  in  si)ecific  detei'ininations. 
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(5)  Corona, — The  truncate  anterior  end  is  unprotected  by  the  h>rica  and  bears 
in  the  RattuUda,  as  in  other  rotifers,  eilia  by  means  of  which  llie  oi'jj:anism  moves 
and  by  whieli  it  obtains  its  fo<xl.  I*artly  surrounded  l)y  the  cilia  aiv  usually  also  a 
number  of  antenna-like  orjrans.  This  whole  <'(»mi)lex  of  structures  at  the  anterior 
end  is  known  as  the  corona.  In  the  RaHuliiUv  the  structure  of  the  corona  does  not 
vary  a  ^^*^^\  deal  in  the  dift'crent  species.  The  main  features  of  the  corona  will  l)e 
seen  by  an  examination  of  that  of  Dlurelhi  stylata  Eyferth  (pi.  in,  lig.  .*>!).  Partly 
surniundinji:  the  corona,  esiM»cially  in  the  doi*so-lateral  rejijion,  are  two  curves  of  cilia 
(r/),  forming  tojrether  nearly  a  semicircle.  These  two  curves  are  not  continuous 
with  one  another,  but  there  is  a  jrap  l)etwe«*n  them  in  the  middle  dorsal  i-ej;:ion. 
Thes<»  cilia  are  the  or^Ljaiis  of  locomotion  of  th(»  animal. 

At  the  sid(*s  of  the  mouth  (///)  an*  two  other  curves  of  shorter  cilia  (h).  These 
an*  connected  with  f<xxl-takin^,  and  may  be  sai<l  to  belon«^  stri<*tly  to  the  niastax 
or  pharynx.  When  th(»  mastax  is  pushe<l  far  Ijeyond  the  surface  of  the  head,  as 
sometimes  hai)i)ens,  th(»se  cilia  are  seen  to  1r*  borne  upon  its  end.  This  is  well 
shown  in  lijx.  5<i  (pi.  vi),  ih  Rnffitlns  nndfirrinl.s  Kelli<Mjtt. 

In  the  dorsal  part  of  the  <'oroim,  in  tlu»  me<lian  line,  is  a  thick  doi-sal  pi-ojeciion 
(pi.  Ill,  fiK-  '^1,  ^')'  li>  many  Raituluht  this  is  more  slender  than  in  Diurelln  sffjlafa 
Eyf(»rth.  At  the  sides  of  this  process,  but  lying  a  little  ventral  to  it,  are  two  smaller 
prominences  (</)  bearing  cilia.  Just  al>ove  the  <loi*sal  pro je<*t ion,  shown  in  fig.  31, 
is  another  thick  dorsal  process,  shown  in  si<le  view  in  lig.  l*7,  t. 

Tht*  four  t'Urves  of  cilia  <lescrilHHl  alM)ve  (d  and  h)  are  pi-esent  in  all  the  Raftu- 
lidit.  'i'here  is  also  ahnost  invariably  a  single,  thick  doi-sal  process  (c).  In  the 
other  antenna-like  s1ructurt»s  tliere  is  nu)i-e  variation.  In  Rnfiulus  nntlticrini^s 
Kellicott  (pi.  VI,  tig.  o7)  the  upjM'r  median  process  {t)  is  very  long,  while  the  lower 
one  (r)  is  short.  TIhmc  an*  two  long  lateral  processes  ('/)  on  each  side.  In  Raffulus 
Intuii  Jennings  (pi.  vii,  tig.  »*»o)  the  coi-ona  is  similar  to  that  of  R.  niuUicrinis  Kelli- 
cott. The  low<»r  doi"sal  p!'oci»ss  (/•)  bears  on  its  en<l  two  small  pnK'esses.  The  parts 
of  the  corona  which  can  l)e  seen  easily  in  most  species  of  tlie  Raffulidtt  are  the  cilia 
and  the  large  doi-sal  pnK'css.  The  latter  lies,  as  a  rule,  a  little  to  the  left  of  the  end 
of  the  striate<l  area  of  the  lorica. 

The  functions  of  the  curious  chib-shaixMlor  antenna-liki*  organs  of  the  corona  are 
not  known  lx*yond  the  gen(»ral  probability  that  they  are  sense  organs. 

In  addition  to  the  (probable)  sense  organs  on  the  corona,  there  are  three  other 
structui*es  whicli  doubtless  have  sensorv  functions.  These  are  the  so-called  dorsal 
and  lateral  antenna*. 

I)ors(d  atdtnnn. — The  dorsal  antenna  is  found,  as  in  most  rotifei*s,  on  ihedoi-sal 
surface,  some  <listance  back  of  tlie  anterior  end  of  the  h«*ad.  It  u.sually  lies  a  very 
little  l>ehind  the  constriction  which  separates  the  h(»ad-sheath  from  the  renuiinder 
of  the  lorica.  It  consists,  in  well-develoi)ed  cases,  of  a  small  club-like  structure, 
projecting  thnmgh  an  opi»ning  in  the  lorica  and  bearing  one  or  more  fine  seta*.  It 
is  best  developed  in  Raffuhfs  ri/Iitidrinis  Imhof,  where  the  seta  which  it  Invars  is 
ver>''  long  and  con.spicuous  (pl.  vii,  figs.  02,  03,  <*4). 

From  the  antenna  there  may  often  Ix.^  traced  a  fine*  cord  running  to  the  brain. 
This  has,  just  within  the  lorica,  a  spindle-shaped  thickening. 

In  many  si)ecies  no  seta*  can  Ik*  observed  on  the  dorsal  ant<*nna,  and  often  the 


1>88  BL'LLKTIN    <>F   THK    UNITED   STATES    FISH   COMMISSION. 

only  trac*(M)f  ll  is  tlie  oimmiIii^  in  llie  lorica,  throii^li  whirli  it  sliould  [lass.  This 
oiHMiin^  is  probably  lo  1m»  found  in  all  Uic  Riiffuli(hv, 

'V\w  position  oJ*  tlu*  doi'sal  antenna  perha]»s  in(lii*att\s  tin*  |N)sition  of  11h»  dursal 
median  lin(».  This  is  tru<»at  loast  in  otlu»r  rotifers,  and  in  the*  RaffulitUv  tin*  snrfai-e 
which  bt»ai*s  it  is  above  wIhmi  the  animal  is  <*r(M«pin«jC  on  the  bottom.  Its  place  witli 
refen»n<M'  to  the  .striate<l  area  is  therefore  of  inteivst.  In  Rfithtlus  dontjtitns  (losso, 
R.  riflltiffrirus  Imhof,  and  /*.  hirristnius  (iosse,  and,  indetMl,  as  a  rule  in  the  sp«H*ies 
in  which  the  striated  area  forms  a  furrow  with  its  two  sides  ocpially  d(»veloped,  the 
d(»i>al  antenna  lies  in  the  middle  t>f  the  furrow.  Uut  in  RaffuJns  //////rMw/.s  Stokes 
this  is  not  true.  Th<»  dorsal  antenna  in  this  sjK^cies  lies  \n  thi»  left  of  thi»  striat<M! 
area,  in  a  notch  in  the  outer  side  of  the  left  ridp'. 

A  similar  position  is  found  in  almost  all  sjn'ci^vs  in  which  the  sii'iattMl  an»a  is 
devcdojH'd  as  a  sinjcle  rid^(\  'I'in*  antenna  lies  to  iht*  left  of  the  rid«re.  usually  at 
about  the  left  ed^e  <)f  the  striated  area.     (See  [>!•  XI,  Hg?^.  •'•">  and  1U>. ) 

Loiirtil  nnftnini, — In  most  free-swimming  rotifers  (as  in  the  Soitnniiinltula\ 
from  whi<*h  the  RatfuUtUi  are  without  doubt  derived)  the  two  lateral  antenna*  an» 
situated  onr»  on  each  side,  in  the  post<»rior  third  of  th<»  ImmIv,  svmmetri<*jillv  with 
ndation  io  one  another.  Many  sp«M*ies  of  the  Rattnliihi  hav(»  i)reserv4Ml  nearly  this 
prinutive  position,  though  usually  with  sliufht  variations.  TliercMuay  1m»  a  tiMidency 
for  the  rijj:ht  ant<*nna  to  be  a  little  farther  forwanl  (as  in  Rnffuhi.s  sripitt  (Tos.se.  ]»1. 
v,  W^.  .'rj,  and  Rn/fuhfs  mriifiihts  Lamarck,  pi.  XI,  ti^.  !»*i),  t»r  to  U»  a  little  nearer 
the  doi-sal  side,  as  in  Rnltuhis  fhunftifus  (io.ss<»  (pi.  XII,  lijrs.  1(»*J,  lOo,  lO.'O,  «>r  the 
opposite  tendencies  may  In' shown,  lint  in  .some  t^a.ses  tlu're  is  a  ver\  reiaarkalde 
asymmetry  in  tlie  positions  of  the  two  antenna*.  In  Rnttuhis  rtfli tn I rir us  hnhuW 
for  example,  ilie  h»ft  antenna  is  at  abtiut  tlie  middliMif  tin*  h'li^th  of  tln»  ImmIv  (pi.  vii, 
li^.  •WJ),  while  the  rij^ht  antenna  is  v(?ry  far  back,  at  tht»  place  wlien»  the  lori<*a  is 
ioine<l  bv  the  foot.  In  Dnirtlhi  stiihila  Kvferth  the  hd't  antenna  is  still  farther 
forwanl  (ti^.  l*S,  i>I»,  pi.  in),  while  the  ri^ht  oiu^  is  on  the  |M)st<»rior  part  <»f  tlie  body. 

Tliere  are  pndiably  no  siK*ci4's  of  Raffiilitla  in  which  the  lateral  antenna*  can 
UiiX  be  found  by  cai-eful  .search. 

INTERXAL  OKCANS. 

The  internal  orjrans  parti^ke,  to  a  consideraide  <ie^n'e,  of  the  asymim*tr\  .so 
eliaraeteri.sti<*  of  the  e.vt<»rnal  anatomy  of  the  RtiffnlltJn ,  Otherwise  the  iid.ernal 
.struetun*  in  this  ^roup  i1<n*s  not  present  a  ^n*at  deal  that  is  ditToront  from  what  is 
found  in  most  of  the  related  l{otif4»ra,  so  that  I  shall  treat  of  it  only  briefly.  Tin* 
RfiUtilifta-  arc*  not  a  favorabh*  ;;roup  for  a  study  of  the  characteristic'  internal 
structure  of  the  Uotif(*ra. 

(1)  Aliimntni'ii  rnntil, — The  alimentary  canal  shows  the  followin*^  jwirls:  The 
mouth  opens  into  a  muscular  pharynx  known  as  tin*  ma.stax,  ccmtainin^  chitinouM 
jaws  or  Iroplii.  From  the  mastax  a  short,  narrow  tube,  the  o\sopha^us,  i)asses 
backward  to  widen  into  the  larfi:e,  thick-walled  stomach.  Tin*  stomach  nari-ows  to 
form  the*  intestint*,  which  pass4*s  straijj:ht  back  to  the  anus.  The  entire  coui*se  of 
tilt* alimentary  canal  is  well  shown  in  tt^.  O-'J,  pi.  vii  {Rnftif/uscijlittttrirns  Indiof),  and 
ti^.  77,  pi.  IX  (Rdf/nltts  hif'rt,sf(i(ufi  (4osse). 

Mtntfh.  -The  mouth  o|K*ns  on  tin*  truncal^*  anterior  end,  or  corona,  n(*ar  its 
ventral  sidt*  (pi.  in,  ti«^.  :J1,  ///).  At  its  sides  an*  two  curves  of  cilia  ih)  which  s«»rve 
the  purpose  of  carry in«^  small  particles  of  tood  to  the  mouth. 
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Mnsfax. — The  mastax  is  a  muscular,  pharynx-like  structure,  forming  the  first 
part  of  the  alimentary  <*aual  (///./•.,  pi.  vii,  li^.  ty.i).  Its  anterior  end  forms  a  nearly 
circular  area  on  the  corona,  witliin  wliich  lit»s  the  mouth  (pi.  ill,  fig.  .'51,  ///).  The 
two  curves  of  cilia  above  siH>ken  of,  at  the  sides  of  the  mouth,  are  really  l)orne  on 
the  end  of  tin*  mastax,  as  appears  when  th(»  latter  is  pushed  far  out  (pi.  VI,  fij^:.  5(5). 

The  mastax  is  larp\  lillin*^  up  a  eonsiderabie  portion  of  the  anterior  part  of  the 
loriea.  It  is  comiM)sed  (diiefly  of  a  mass  of  mus(*ies,  wliich  act  upon  th(»  chitinous 
jaws.  Only  tht»  anterior  part  of  the  mastax  is  hollow  an<l  receives  the  fo<Kl,  the 
posterit)r  three-fourths  or  more  beinj;  a  solid  mass  of  muscle.  The  transverse 
muscles  arc  oft tMi  vciy  evident  as  striations  (pi.  xill,  tigs,  los,  m,  115,  ir.»). 

In  conse4uen<'e  of  the  asymmetry  of  the  tropin  the  nuistax  frequently  shows  an 
iinsymmetrical  form,  as,  for  example,  in  tig.  01,  pi.  vi.  ^Fhe  oesophagus  opens  into 
the  nmstax  on  its  doi-sal  side  n(»ai'  its  anterior  part,  as  shown  in  lig.  r»;3,  pi.  vn,  and 
fig.  105,  pi.  XII.  In  many  speci<»s  the  (esophageal  opening  is  clearly  somewhat  on 
the  right  side  of  the  mastax. 

The  mastax  fre<[uently  has  connecte<l  with  it  one  or  more  prominent  glands. 
One  on  tlie  left  side  is  esjMM'ially  mark<Ml  in  litifffthis  mtflficrinis  Kellicott  (pi.  vi, 
fig.  57)  and  7^<///<////.s' /f;/</.s  Jennings  (pi.  vii,  i\*:.  «*,5).  These  glands  are  apparently 
not  present  in  all  spetMes. 

Trophi. — T!u»  <'hitinous  jaws  or  tropin  vary  a  gn»at  deal  among  the  different 
sjK»cies,  and  usually  show  a  <'onsiderable  d(*gree  of  asyunn(»try.  The  tropin  of 
RaUiihiH  rnrinnfua  Lamarck  w(M-e  well  des<M*ilMMl  by  (fOSS(*  (l.S5r»)  in  his  classi<»al 
paper  on  the  ''Structure,  Functions,  and  Homologies  of  the  Manducatory  Organs  in 
the  class  Rotifei-a."  The  tropin  of  Raltnlns  Imnjisi  fa  Schrank  (pi.  viii,  ligs.  71,  72) 
furnish  a  good  example  of  the  typical  structure.  Following  (iosse,  we  nmy  <listinguish 
three  main  iH)rtions — the  two  lateral  parts,  known  as  innlUi,  and  a  central  structure, 
the  incN.s.     Ka<*h  of  tlu»s<»  is  composed  of  several  portions. 

The  maUeus  consists  of  two<-liief  parts,  a  long  distal  nMl,tlit»  mnimJn'ium  (iiui.)^ 
and  a  shorter  proximal  portion,  the  mwus  in. ).  The  two  mallei  are  unecpial  in  size, 
the  left  one  InMUg  the  larger.  The  left  uncus  bears  teeth,  while  the  right  one  is 
merely  a  straight  nwl  without  teeth. 

The  incus  or  central  portion  consists  of  three  main  parts.  There  is  a  h>ng 
curved  median  lod,  the  fulcrum  (/'/.)?  ^vhich,  as  the  side  view  (lig.  71)  shows,  lies  at 
a  level  n«»arer  the  ventral  surface  than  do  th(»  mainibria.  In  side  view  the  fulcrum  is 
seen  to  consist  of  two  nxls,  the  ventral  one  being  very  thin  and  unite<l  to  the  otln»r 
bv  nuMubrane.  The  fulcrum  lM»ars  at  its  i)roximal  end  two  larg<'  structure's  known 
as  f'dttii  (ni.).  These  artieulate  with  the  fulcnnn  and  inclose  a  spa<*e  lH*tween  them. 
At  their  proximal  <*nds  they,  like  the  unci,  lM»ar  a  number  of  teeth.  The  rami  have 
their  lower  or  distal  (Mids  produ<*ed  int4)  a  long  process  for  the  attachment  of 
muscles.  These,  with  Oossc*,  we  may  designate  as  the  aluhe  ('//.).  The  left  alula  is 
considerably  longer  than  the  light. 

In  ad<lition  to  th<»se  chief  poiiioiis  there  are  a  number  of  <*hitinous  rods  forming  a 
framework  which  lies  on  the  doi*sal  side  of  the  j^roximal  end  of  the  tropin  (|>1.  Vlll, 
tig.  71,  sft.).  These  arise  from  the  manubria  and  ai'c  eoiniected  with  the  rami.  The 
function  of  this  framework  is  not  very  clear.  In  some  cases  it  seems  to  support  a 
sort  of  chitinous  fringe  alxnit  the  mouth  (pi.  Xlll,  tig.  118). 

V.  i\  B.  I'.nrj— 19. 
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The  typical  parts  of  the  apparatus  are  the  manubria,  unci,  fulcrum,  and  rami, 
and  in  our  aecjount  of  the  variations  of  the  trophi  among  different  species  we  shall 
take  onl}'  these  into  consideration. 

In  tlie  small  group  of  related  species  comprising  liaffuhfs  nndiirrinii!!  Kellicott, 
R.  onpurimi^s  Wierz.  &  Zacli.,  R.  rylindrlrus  Imhof,  and  R.  lafu.s  Jennings,  the 
trophi  are  n<»arly  or  quite  symmetrical.  The  manubria  are  approximately  of  the 
same  length  and  the  aluhe  setMii  not  strongly  devc^Ioped. 

Most  of  the  n^naining  spc(*ics  of  the  genus  RaUulus  have  the  trophi  moilerately 
unsymmetrical,  the  left  manubrium  iKMUg  considerably  larger  tlian  tlie  right.  This 
is  the  case,  for  example,  in  R.  elonf/atus  Goss(»  (pi.  xii,  tig.  107),  R.  lotujisefd  Schrank 
(pi.  VIII,  fig.  72),  R.  hicii.sj)es  Pell  (pi.  viii,  fig.  7(>),  and  R,  hicrishtfu.s  Gosse  (pi.  IX,  fig, 
80).  In  R.  mtu'osii.s  Stokes  (pi.  x,  fig.  IH)  there  is  a  much  greater  asymmetry,  and 
the  trophi  have  a  very  peculiar  charact(»r.  Thc^  left  manubrium  and  uncus,  the 
fulcrum  and  rami,  are  heavy  and  massive,  while  the  right  manubrium  and  uncus 
are  reduced  to  mere  slender  rcwls.  Th(»re  appc^ar  to  Ix*  no  teeth,  tlu^  trophi  seeming 
to  be  designed  rather  for  <*rushing  than  biting.  • 

In  Diurella  th<»  asymmetry  of  the  trophi  is  on  the  whole  mu(*h  more  pronounced 
than  in  Raftuht^Sj  most  of  the  species  of  Diurella  having  jaws  fully  as  unsymmetrical 
as  those  last  descril)ed,  or  eviMi  mon*  so.  In  Diurelhi  pavrellns  (tossc  (pi.  ii,  fig.  22) 
the  right  manubrium  is  as  long  as  th(»  h»ft,  but  is  excessively  slender — a  mere  bristle. 
In  D.  sulcata  ,]imnu\\i:s  {\)\.  ii,  fig.  20)  and  I),  fenuiftr  Gosse  (pi.  I,  fig.  10)  the  reduc- 
tion of  the  right  manubrium  has  gone  still  farther;  it  has  become  much  shorter  than 
the  left  (me.  In  D.  ll(/ri.s  Miiller  (pi.  I,  fi^.  2),  finally,  the  culmination  of  asymmetry 
is  reached;  the  right  malleus  is  a  minute  rudiment,  while  the  left  one  is  massive. 

Gosse  (1850)  d(»scribed  Diurella  poreellus  as  Imving  the  right  nmnubrium  quite 
lacking.  This  is  not  the  case  with  tlu*  specimens  of  tliat  species  which  I  have 
examined,  though  it  is  much  redu(»ed.  1  have*  found  none  of  the  Ralfulida'  in  which 
the  right  manubrium  could  not  be  disc<)vcre<l. 

It  is  striking  that  the  trophi  an*  most  unsymmetrical  as  a  rule  in  the  species  of 
the  genus  Diurella^  though  the  toes  in  this  genus  are  less  unsymmetrical  than  in 
Raftulus.  This  is  probal)lydu(»  to  th<*  fact  that  in  Diurella  the  body  is  as  a  rule  more 
slender  and  mor<*  curvcMl  thaii  in  Raff ul us.  As  the  curve  is  of  such  a  nature  that 
the  right  side  is  concave,  tliere  is  much  less  space  on  this  side  than  on  the  convex 
left  side,  so  t!n»  internal  stru(*tur<\s  on  the  right  side  are  reducetl.  This  is  especially 
noticeable  in  th<»  trophi.  in  Raffulus^  where  the  bo<ly  is  usually  more  swollen  and 
less  curved,  tliere  is  not  so  much  occasion  for  the  reduction  of  the  right  side. 

(Esaphatjus. — The  osophagus  is  men»ly  a  short,  slendcM*  passagewaj'  with  thin 
walls,  which  begins  on  the  <lorsal  side  of  th(»  mastax,  on  its  anterior  one-fourth.  It 
is  well  shown  in  \\\r.  o:j  (pi.  vii),  i\)i,  77  (pi.  ix),  and  W^.  105  (pi.  xii). 

Stomach, — The  stoma(*h  is  an  enlarged  sac,  with  thick,  apparently  glandular 
walls,  forming  a  direct  continuation  of  the  (esophagus.  In  the  broad-lxxiied  species, 
such  as  Ratfulus  lafus  Jennings  (pi.  vii,  fii:^.  05),  it  lies  on  the  right  side. 

At  th(?  ant<»rior  end  of  the  stoma(*h  ai*e  the  two  gastri(^  glands,  one  on  each  side. 
These  are  small  solid  struct un^s,  often  lobulatcMl  and  showing  a  numlxM'  of  prominent 
nuclei.     They  are  well  shown  in  fig.  77  (jd.  ix),  f\<^,  87  (pi.  x),  and  iiyi;.  102  (pi.  xii). 

Intestine, — The  stomach  luirrows  at  its  posterior  end  to  form  the  intestine  {in,, 
pi.  VII,  fig.  63 ;  pi.  XII,  fig,  102).    The  walls  of  the  intestine  are  usually  thinner  and  less 
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colored  than  those  of  the  stomach,  but  there  is  no  precise  line  of  demarcation  between 
the  two.  Tlie  intestine  narrows  rapidly  to  end  at  the  anus^  which  lies  beneath  the 
edge  of  the  lorica,  just  almve  the  l>eginning  of  the  foot,  a  little  to  the  left  of  the 
middle  line. 

Food  of  fhf  RdttitVuhv. — The  f(»<jd  of  tlie  RatfnUfhe  seems  to  consist  chieflv  of 
small  particles  susi)ended  in  tho  wat<'r,  which  are  brought  to  it  by  its  cilia,  or  of  the 
floccose  material  covering  the  surface  of  water  plants.  The  animals  may  often  be 
seen  cre<^ping  over  the  stems  or  leaves  of  water  jjlants  with  the  corona  against  the 
surface,  as  if  they  W(M*e  fe(»(ling,  but  it  is  very  rarely  that  one  sees  any  definite 
namable  thing  devoure<l.  In  one  ease,  and  one  onh',  I  have  s(*en  a  RoUuhi^s  display 
predatory  tendencies.  A  Rntfulus  gracilis  Tessin  seized  a  young  Dhirella  t^nuior 
(iosse,  which  hapi)ened  to  V)e  near  it,  pierced  the  lorica  with  its  jaws,  tore  out  a 
piece  from  the  side  of  its  prey,  and  devoured  it.  The  jaws  of  many  other  species 
seem  l)etter  fitted  for  carnivorous  habits  than  do  the  comparatively'  weak  ones  of 
Ratfuln.s  grarilis  Tessin,  but  1  have  seen  no  other  instances  of  the  character  just 
descril)ed. 

(2)  Brain. — The  brain  in  the  RaHuJid(e  is  usually  a  large,  oblong  body,  rather 
prominent,  whi<*h  lies  on  the  dorsal  side  of  the  mastax,  in  the  anterior  part  of  the 
body.  In  front  the  l)rain  has  no  defined  boundary,  merging  into  the  mass  of  sub- 
stance which  supports  the  corona.  Its  main  nmss  frequently  lies  to  the  left  of  the 
striated  area  or  ridge  on  the  lorica.  The  l)rain  is  usually  somewhat  shorter  than 
the  mastax,  but  in  a  few  cases — notably  in  IHnrt^lJa  sfijiato  Eyferth — it  forms  a  very 
lai^e  sac,  extending  backward  more  than  half  the  length  of  the  lorica  (//r.,  pi.  iii, 
fig.  '27).  In  su<-h  cases  the  brain  is  seen  to  be  made  up  of  large  cells,  whose  outlines 
are  clearly  distinguishable. 

In  tlie  Raffuliihv  the  brain  has  no  opaque,  chalky  mass  at  its  posterior  end,  such 
a.**  is  found  in  many  of  the  Xofotn/nafadn .  (iosse  (issi»)  described  as  Raftulus 
riitiolin.s  an  animal  in  which  the  brain  has  such  a  chalk  mass,  but  from  Gosse's 
description  and  figure  (see  p.  'U'2  and  fig.  l.*5s,  pi.  xv)  it  seeins  clear  that  this  animal 
was   not  one  of  the  Raffulida  ;  it   should   rathei*  be  classe<l  with  the  Xofonnnafadce. 

Connected  with  the  brain  is  the  single  eye.  This  is  a  hemispher**  of  red  pigment, 
usually  attached  to  the  jM)sterior  end  or  under  side  of  the  brain.  In  a  number  of 
species  the  brain  is  divided  at  its  posterior  end  into  two  une<iual  lateral  lobes,  the 
left  one  being  smaller  and  bearing  the  eye  at  its  tip.  This  condition  is  shown  in  fig. 
1>1»,  pi.  XI  (Rafftth/s  lojt]f(pfSsns  (losse),  and  in  figs.  10*J  and  103,  pi.  XII  (R.  elongaftts 
Gosse);  it  is  pres<Mit  in  a  numl)er  of  other  si)ecies  also.  The  doi"sal  antenna  is 
connected  with  the  brain  by  a  slender  cord,  which  is  very  evident  in  RaffNliis 
cijliti(Jri('H.s  Imhof  (pi.  vil,  fig.  03).  It  is  probable  that  the  lateral  antenna*  are  thus 
connected  with  the  brain  also.  From  each  of  these  there  passes  forward  a  slender 
cord,  but  I  have  not  succeeded  in  tracing  this  to  the  brain. 

(3)  K.rfrfff/ry  organs. — The  excretory  organs  do  not  differ  essentially  from 
those  found  in  otht^r  rotifers  and  are  not  strikingly  developed  in  the  Raffulidce^  so 
that  this  grouj)  is  not  a  favorable  one  for  their  study.  For  this  reason  I  have  not 
paid  espci'ial  attention  to  the  excretory  system.  It  consists  essentially  of  the  well- 
known  lateral  canals,  one  on  <*ach  side,  which  open  at  their  posterior  ends  into  a 
small  bladder-like  structure,  ^be  contractile  vacuole.  These  parts  are  shown  in  fig. 
24  (pi.  II)  and  fig  32  (pi.  ill). 
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The  lateral  canals  are  two  hil(»iuler  tubes,  in  some*  speeies  considerably  coiivo- 
luteil,  in  others  much  l<»ss  so,  wliich  begin  in  the  ant4.»ri<»!'  part  of  Vlie  body  an<l  run 
backward,  one  alonj;  (»arli  side,  to  the  contract ih*  vaeuole.  The  lateral  eanal  Invars 
on  each  si<le  four  or  live  small  eva^inat ions,  each  containing  a  lon^  ciliuni;  the^!U.* 
are  the  so-called  tlanu*  cells  or  vibratile  ta^s  (pi.  li,  ti^.  lM). 

The  contrat'tile  va<*uole  (li^.  l*4,  r.  r.)  is  unusually  small  and  inconspicuous  in 
the  RdHnVula.  It  is  a  si>herieal  vesicle*  lyin^  just  bem»ath  or  at  tlie  side  of  tlie 
int4^stine  near  its  posterior  en<l.  It  is  situali^d  above  tli<»  hir\i,v:  mucus  reservoirs 
{in,  /•. ),  which  are  st)m<*times  mistaken  for  the  contract ilo  vacuoh». 

The  contractile  vacuoh*  usually  pulsates  rather  ra^iitlly,  ]HM'haps  in  conse<jueiu*e 
of  its  small  size.  Twenty  times  per  minute  s<*emsa  not.  uncommon  rate;  in  Diunlh 
hrdrlijpirti  (tOssc,  according  to  Stokes  (ISIh;),  there  an*  10  pulsations  per  minute. 
Tlie  contractile  vacuoh*  in  most  rotifei's  opens  into  tin*  intf»stine  near  its  i)osterior 
end;  this  matter  has  not  been  4»specially  invest igate<l  in  the  RaMnlida'. 

(4)  Rfjtnxhfr/it'r  ort/fins. — The  mah*  seems  to  be  ([uitc*  unknown  in  the  /^<;/- 
fulidiv.  No  member  of  tliis  familv  is  iriven  in  Mr.  (-harles  Kt»usselet\s  list  of  male 
rotifei*s  hitherto  describcfl  (1SI»7),  and  1  have  myself  seen  nothing  of  a  nuile  in  any 
of  the  sp(»cios  stuilied. 

The  ovary  (or.)  is  an  irn'^ular,  fre(|uently  soni(»what  lobular,  orpin,  ditTerinjf 
in  no  important  manner  froni  the  same  origan  in  most  <»f  the  ndated  free-swimnilii}^ 
n)tifers.  As  Plate  (ISSi;)  has  shown,  the  ovary  in  most  of  the  Rotatoria  c<msists  of 
two  parts, a  vitelline  p<u-lion  (**  l)otterstock'')and  a  p»rminal  portion  (*'  Keimstock"). 
The  latt<M*  is  smalh^r  than  the  former;  from  it  th«»  (»jrjxs  an*  directly  produc^Ml.  The 
germiiuil  portion  seems  to  lie  at  the  right  side  or  right  ant(M'ior  corner  t>f  the 
vitelline  portion,  in  the  UaftnliiUv.  The  vitelline  portion  contains  a  snuill  innnber 
(usually  if  not  always  eight,  in  this  family)  of  large,  conspicuous  nuclei. 

The  ovarv  lies  on  the  ventral  side  of  the  alimentarv  caiuil,  usuallv  mostlv  to  tlie 
left  of  the  median  line.  In  /xoffuhrs  A////.S  Jennings  (pi.  vii,  tig.  tJ'))  it  lies  entindy  to 
the  left  of  the  alimentarv  canal,  not  on  the  vt»ntral  sid(»  of  the  latter  at  all. 

The  eggs  an*  formed  in  tin*  germinal  i>ortion,  to  the  right  of  tlu^  main  lunly  of 
the  ovary.  When  t  he  t^^ix  has  ]'(»ached  a  considerable  siz<',  it  usually  oc<*upies  a  large 
space  on  tin*  right  side  of  the  body,  as  in  tig.  '^'2  (pi.  ill). 

In  the  I\(iffii/i(hi\  so  far  as  known,  tin*  ^*^i^^  after  <»xtrusion,  is  carricMl  atta<*hed 
to  the  h)rica  in  only  one  s|>ecies,  RuttnJus  ('i/Iinflrirus  Indiof.  In  this  (*as«»  the  ani- 
nuil  is  frequently  found  carrying  the  o^^^  attached  to  thcs  posterior  end  of  the  lorica, 
above  the  foot  (pi.  Vll,  tig.  <;i>). 

(o)  ^ftfrtis  (flninls  finO  rrsf  rrnirs. — T]w  glands  and  reservoirs  for  supplying  tlie 
tenacious  mucus-like  substance,  by  which  the  aninuils  attach  themselves  to  various 
objects,  are  unusunlly  well  develop(»d  in  the  Uiiffnliil(( ,  The  reservoirs  <'sp(»cially 
form  a  large,  ch»ar,  oval  sac,  or  a  pair  of  sacs,  tilling  a  t'onsiderabh'  part  of  the  hinder 
portion  of  tin*  hody.  There  an^  typically  twoof  the  glands  and  twoof  the  res<'rvoirs 
in  the  RuthiliiUv.  They  are  well  shown  in  tig.  Hl>  ([d.  x);  tig.  7'.i  (pi.  L\),  and  tig.  «)!! 
(pi.  vili).  The  two  glands  ar<'  rounded  or  irregular  granidar  bo<li<'s,  lying  near  the 
ventral  surface*,  just  b(diin<l  the  ovary. 

Th(»  two  reservoirs  a ri»  usually  pn»ssed  (dose  together  or  even  united,  so  that  it 
is  perhaps  just  as  corri^ct  to  speak  of  a  single  res(»rvoir  dividiMl  into  two  (dLaml>ei*s 
by  a  longitudinal  partition,  as  of  two  reservoirs.  Into  these  chamlM^rs  passes  the 
secretion  from  the  glands;  it  may  often  be  found  bi  preserved  siM»ciniens  as  a  solid 
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mass.  In  living  si>ecimi?ns  the  reservoirs  are  entiivly  eh»ar,  and  have  often  In^en 
taken  for  the  contractile  vacuole,  occupyin*^  as  they  do  the  i)osition  usually  taken 
by  the  vacuole  in  other  rotifers. 

One  of  the  two  reservoirs  oi>ens  at  the  base  of  the  rijjjht  t<x»,  the  other  at  the  base 
of  the  left  toe  (see  i^g.  G,  pi.  I,  and  li^.  <*)0,  pi.  viii).  The  tenacious  secretion  passes 
out  bi^tween  the  bas(»  <»f  the  toe  and  the  substyles,  b<Mn<r  <lirected  by  the  latt(»r  down 
alon^  the  surface*  of  tlic  toe.  From  the  tip  of  the  tor  it  trails  olT  into  the  water,  like 
a  spider's  web,  and  attaches  itself  to  any  object  with  which  it  comes  in  conta(*t.  The 
animal  then  remains  susi)cndcd  in  the  water,  like  a  spid<*r  from  its  threa<l  (though 
of  course  the  rotifer,  owin<r  to  th<'  movement  of  the  cilia,  nmy  han^  upward  or  hori- 
zontally, as  well  as  downwanl).  The  animal  spins  about  on  its  loniraxis,  remaining 
nearly  in  the  same  position,  or  it  may  of  eoui*se  move  in  th(»  cin*umf(»nMi<*e  of  a  circle 
alK>ut  the  obje<»t  to  which  it  is  attaclu'd. 

While  thus  attached,  th<»  action  of  the  cilia  brings  foo<l  to  the  mouth,  just  as  in 
the  Rotifera  that  are  permanently  fixed  by  their  posterior  ends.  TliefnH?-swimming 
Rotifera  which  have  this  secr*'tion  of  mucus  have  thus  the  advantage  of  Ijeing  able 
to  temporarily'  change  their  roving  method  of  life  into  a  fixed  one. 

But  the  tliread  jiroduced  by  the  mucus  is  not  so  strong,  apparently,  but  that  by 
an  extra  effort  it  inay  Ix*  broken  at  an}-  moment.  Often  a  specimen  will  l>e  seen  to 
swing  alMuit  from  its  iM)int  of  attachment  for  a  consi<lerable  tim<%  then  suddenly  to 
start  rapidly  forward,  swi mining  with  the  most  compl(»t<»  free<lom.  Oft<Mi  too  the 
mu(*us  s(^ms  to  act  merely  as  a  jiehling  thr(»ad — moderating  the  course  of  the 
animal  a  litth* — but  being  drawn  out  as  tlie  animal  progresses. 

Sometimes  the  mucus  becomes  a  trap  which  results  in  the  death  of  the  animal. 
A  spi*cimen  will  som<»times  bring  tlie  hn.sr  of  its  to(»s  against  some  solid  object,  as 
the  glass  slide  on  which  it  is  uiidergoing  examination,  at  the  moment  when  a  large 
quantity  of  the  mueus  has  Irm'u  given  out.  It  thereupon  sticks  fast,  perhaps  by  the 
entire  length  of  th(»  toe,  to  the  glass  and  can  !iot  escajM'.  It  then  remains  attached 
at  this  point  till  it  <lies.  It  is  probable  that  sueh  an  accident  rarely  o(*curs  ex<*ept 
when  the  animal  is  under  such  unusual  an<l  cramped  <'on<litio!is  as  it  finds  l><»tween 
the  slide  and  the  eover-glass. 

In  DiurtUd  t'njris  Muller,  in  which  the  two  to(^s  are  equal,  the  two  reservoirs  are 
also  e<iual  (pi.  I,  lig.  0).  Hut  in  most  spe<*ies  in  which  the  right  toe  has  l)ecome 
rudimentary,  tlie  right  reservoir  has  likewise  much  de<*rease<l  in  siz(\  This  is  the 
cas**,  for  example,  in  Jiaffnlns  hirrisfafu.s  (4osse  (pi.  ix,  lig.  7t>)  and  A*,  hnujiseia 
Schrank  (pi.  viii,  lig.  r»'.)).  In  7\*.  sfi/hifus  (losse,  however,  the  two  reservoirs  are 
still  nearly  or  quite  equal  in  siz(»  (pi.  x,  fig.  li-),  although  the  right  toe  has  nearly 
disapi)ear<Ml. 

THE  ASYMMETRY  OF  THE  RATTILID.^  AM)  ITS  BIOLOGICAL  SIGNIFICAXCE. 

The  writer  has  alivady  given  in  a  separate  paper"  a  gen<»ral  discussion  of  the 
siffnihcanct*  of  asvmmetrv  in  a  numlKM*  of  lower  oriranisms,  so  that  onlv  the  salient 
I>oints,  with  tln^ir  application  to  the  Rnttul'uhv^  will  1m»  set  forth  hen*. 

All  the  RdffuJIfiit  are  more  or  less  unsvmmetri(*al  in  their  structure.  If  wesc»ek 
for  a  general  statement  which  shall  express  the  nature  of  this  asymmetry  we  shall 
find  it  most  fully  set  foi-th  as  follows:  Conceiving  tin*  middle  to  In?  a  fixed  i)oint,  the 

« Asymmetry  iu  S<^)me  L<>w«'r  Or^JraiiiMins  and  ib*  Biolr>Ki«'iil  Sij^ifioanre.    Mark  Anniversary  Volume,  N.  Y.,  19tB. 
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anterior  part  of  the  bedy  seems  to  \>e  twisted  over  to  the  riji:ht,  the  posterior  part 
over  to  the  left.  Tliis  will  perhaps  best  l)e  appreciate  by  examining  fig.  1  {Diurella 
iigris  Muller).  The  anterior  part  of  the  ridge  is  far  to  the  right  of  tlie  middle  line. 
The  single  tooth  is  also  to  the  right  of  the  middle;  in  those  species  wliere  there  are 
two  teeth  (as  Rattulus  longisetn  Schrank,  Dlurena  porrdlus  (josse,  etc.)  the  left 
tooth  is  nearly  in  the  middle  line,  the  right  tooth  much  to  the  right  of  that  line. 

At  the  posterior  end,  on  the  other  hand,  the  indications  are  that  what  was 
primitively  dorsal  has  i)assed  to  the  left,  while  the  right-hand  one  of  the  paired 
structures  has  taken  a  dcn'sal  position.  The  dorsal  projection  of  the  lorica  over  the 
foot  has  become  shifted  to  the  left  (shown  particularly  well,  for  examjile,  in  the 
figure  of  Rutiuhis  loplioe.ssus  Gosse,  ])l.  xr,  fig.  1>9).  The  right  toe  has  come  to  lie 
nearly  on  the  dorsal  side  of  tlie  left  one,  so  that,  the  (»oncavity  of  tlu*  toes  (originally 
ventral)  has  lKMH)me  directed  to  the  right  (fig.  1).  Thus  the  foot  and  toes  can  l)end 
only  to  the  right,  not  to  the  left. 

The  body  has  btH'ome  not  merely  twisted  on  its  i)rimiliv(^  straight  axis,  however, 
but  is  often  l>ent  at  the  same  time  so  as  to  form  a  segment  of  a  spiral  (seen  espe- 
cially well  in  fig.  1,  of  Diurella  iigris  Muller).  As  a  result  of  this  the  left  side  has 
become  convex,  the  right  side  concave.  (Compare  the  following  dorsal  views  in  wliich 
this  is  evident:  Figs.  1,  10,  29,  4G,  52,  7o,  78,  95,  99,  KKJ.)  These  f(»atures  ans  of 
course,  much  more  marked  in  some  si)e(nes  than  in  others. 

These  general  changes  have  induced  <*ertain  secondary  ones.  The  originally 
right  toe,  which  has  be(U)me  dorsiil,  gradually  d(»gen(^rat(\s  until  it  has  l)ecome  in 
many  species  a  mere  rudiment.  The  right  mucus  reservoir  is  likewise*  involved  in 
this  change,  becouiing  smaller  than  th(»  l(»ft.  Owing,  perhaps,  to  the  enlargement  of 
the  left  side  as  a  result  of  its  ccmvexity,  and  the  diminution  of  the  right  side  owing 
to  the  concavity  falling  here,  there  is  a  tendenc}^  for  thi^  internal  organs  to  be  better 
develojied  on  the  left  side  than  on  the  right.  This  is  most  strikingly  brought  out  in 
the  structure  of  the  trophi.  The  right  half  of  the  trophi,  as  shown  in  the  account 
of  these  organs,  is  almost  invariably  smaller  than  the  h»ft,  and  in  many  (*as4»s  is 
quite  rudimentary. 

Altogether,  we  may  say  that  the  body  in  the  RdttaliiUv  tends  to  tak(^  the  form 
of  a  segment  of  a  spiral,  and  that  this(»hange  from  the  primitive  bilateral  symmetry 
has  induced  also  a  c(msiderable  number  of  subsidiary  changes. 

What  is  the  significance  of  this  peculiar  condition  in  the  RdUulidd? 

The  key  to  the  asymmetry  of  this  group  is  to  be  found  in  a  study  of  the  move- 
ments and  behavior  of  the  animals.  The  unsymmetrical  struct ur<»  is,  of  course,  not 
a  primitive  condition,  but  these  animals  were  originally  bilaterally  symmetrical. 
The  fundamental  plan  of  structure  is  still  that  of  bilat(»ral  syrauietry;  certain  parts 
have  l)een  reduced  or  changed  in  position  so  that  asymmetry  has  resulted,  but  the 
bilateral  ground  plan  is  easily  traceabh^  Tlu*  nc^arest  relative's  of  the  Ilattfilifhe  are 
still  bilaterally  symmetrical.  Probably  no  one  familiar  with  the  Rotatoria  will  Ik» 
inclined  to  question  the  view  that  the  Rathdi(hv  are  derived  from  the  Nolominalitdm. 
The  NotmnmatadcB  are  typicall}'  creeping  forms.  They  live  among  the  weeds,  on 
the  surfaces  of  which  they  creep  about  by  means  of  their  cilia,  keeping  tin*  mouth, 
as  a  rule,  against  the  surface. 

The  differentiations  shown  by  bilaterally  symmetrical  organisms  are  usually 
brought  into  relation  theoretically  with  their  methods  of  movement,  and  doubtless 
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verj'  justly.  Anterior  aii<l  jiosterior  ends  diffei*  Ijecause  tliey  come  into  different 
relations  with  the  environment,  owin<^  to  tlio  forward  movement.  In  the  same  way 
dorsal  and  ventral  surfaces  differ  Ix^cause  they  come  intodiffen*nt  n*lati<ms  with  the 
environment — the  ventral  si<le  bein<i:  more  commonh'  in  contact  with  a  sui-face,  the 
dorsal  side  not  thus  in  contact,  but  subject^Ml  to  the  li^hl  and  otlu^r  influences  coming 
fi"om  al>ove.  On  the  other  hand,  the  right  and  h'ft  sides  are  in  a  similar  relation  to 
the  environment,  there  being  no  influence  which  acts  on  one  differently  from  the 
wav  it  affects  the  othcM-:  hence  thev  remain  alike. 

Analogous  considerations  apply  to  the  radially  symnu^trical  form.  J>ut  there  is 
another  type  of  structure,  having  an  e<[ually  definite'  relation  to  the  method  of  life 
and  movement — a  type  which  has  not  ]>cen  hitherto  rcc'ognized,  at  h*ast  not  as  having 
a  definite  ivhition  to  a  wid(»spread  method  of  locomotion  and  life.  This  is  what  may, 
in  general,  be  characterized  as  a  spiral  type  of  stru<*tur<\  or  at  least  as  a  one-sided 
type.  This  tyiH»  of  structure  is  found  in  many  organisms  which  swim  freeh'  through 
the  water  in  a  spiral  coui*se.  Its  typical  representatives  are  tin*  Infusoria — the 
Ciliata  and  Flagellata. 

The  spiral  coui'se  may  be  characterize<l  as  the  simplest  device  to  enable  an 
organism  to  make  progress  in  a  given  direction  through  the  free  water  without  ful- 
filling the  difficult  condition  of  making  all  si<U's  identically  alike,  or  of  making  the 
differences  exactly  balance  each  other."  In  the  spiral  roui*se  the  organism  continually 
keeps  one  side  towanl  the  outsidt*  of  the  spiral.  In  other  words,  it  is  in  reality 
always  turning  toward  one  side.  The  tendency  to  deviate  thus  caused  is  compen- 
sated by  a  iwolution  on  the  long  axis,  which  ('ontinually  bringsthe  side  in  question 
into  a  new  position.  The  path  thus  becom<»s  a  si)iral,  whil<»  if  revolution  on  the  long 
axis  did  not  occur  it  would  Iw^  a  circle. 

Xow,  the  organisms  which  lial)itually  make  use  of  this  method  of  progression 
have  a  Uivm  which  is  a<laptcd  to  it.  In  the  ciliat<»  and  flagellate  Infusoria,  which 
move  in  this  manner,  the  form  is  usually  unsymmeliical,  often  clearly  spiral;  and 
hei*e  the  spiral  forin  seems  to  be  primitive;  at  least  it  was  not  developed  from  an 
originally  bilateral  form.  Hut  in  the  Rnffulida  we  have  a  group  of  animals, 
fundamentally  bilateral,  which  are  taking  on  this  si)iral,  unsymnietrical  form  as  an 
adaptation  to  their  method  of  movement. 

Mni'f  in*  ids  of  tlif  Rdffdllthi . — If  we  examine  in  detail  the  movements  of  one  of 
the  Raf1uHiln\  taking,  for  <'.\ample,  DinrrJhi  llf/ris  Miiller  (fig.  1),  we  find  that  it 
swims  through  the  waiter  in  a  spiral,  of  such  a  course  that  its  twistt»d  Ixxly  forms 
a  segment  of  the  si)iral  path  (t(».\t  figure  '2).  The  animal  revolves  to  the  right  and 
swerves  towanl  its  <lorso-dextral  side,  while  it  at  the  same  time  progresses.  The 
result  is  a  path  almost  <»xactly  that  which  would  lx»  produccMl  if  the  animal  were 
moving  on  the  insi<le  of  a  hollow  cylinder  and  the  dorso-lateral  spiral  ridge  ran  in  a 
groove  on  the  inner  surface  of  the  cylinder,  which  fitted  it  precisely  and  had  the 
same  curvature.  The  effect  is  the  same  as  that  produced  by  th<»  spiral  grooves  on 
the  inner  surface  of  a  rifle  barrel,  giving  the  ball  a  rotary  motion  about  the  axis  of 
flight.  The  result  is  here,  as  in  the  rifle  ball,  to  make  tlie  axis  of  progression  a 
straight  line. 


a  For  the  gTound»  on  which  this  statement  is  tiase<l.  as  wi-11  as  a  ^emTul  discussion  of  spiral  movement  and 
nnsymmetrical  structure,  aee  the  pai>eron  Astymmetry^  et^v.  already  cited  •  p.  2lCit:  also  a  paper  by  the  present  author 
on  The  Significance  of  the  Spiral  Swimming  of  OrganigmH,  in  the  American  Naturalist,  vol.  35,  1901,  pp.  909-^8. 
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It  is  evident,  therefore,  that  the  general  form  of 
the  body  is  ^idapted  to  the  path  wliieh  the  Inxly  follows 
throuirh  the  water.  And  this  general  form  is  produced 
by  a  twisting  of  the  body  from  its  original  bilateral 
symmetry  into  the  condition  alrea<iy  minutely  d(^- 
8cril>ed.  llie  reason  why  only  the  right  half  of  the 
striated  area  is,  as  a  rule,  elevated  into  a  ridg(%  which 
slopes  to  the  right,  and  why  tlie  ridge  has  an  obli<|ue 
course,  are  entii*ely  evident  in  tlie  light  of  tlio  methcMl 
of  movement.  The  course  is  always  a  right  spiral, 
and  the  single  obli<iue  ridge,  sloping  to  the  right, 
greatly  favors  the  spiral  mov(»ment,  while  if  (he  left 
ridge  wer<>  developed,  it.  would  act  in  opposition  to 
the  spiral  course.  Tlie  reason  why  the  right  side  is 
concave,  the  left  conv(»x,  with  tlie  cons(H[uent  jisym- 
metry  of  some  of  the  internal  organs  (notably  the 
trophi)  is  equally  evident.  All  these  things  ar<»  adap- 
tations to  the  spiral  movement,  and,  specifi(^ally,  to 
movement  in  a  right  spiral. 

But  there  are  some  points  which  still  nt^ed  eluci- 
dation. Why  has  the  foot  lwM»om<^  twisted  into  such  a 
position  that  tlu^  tm*^*  can  be  bent  only  to  the  right y 
Why  does  the  right  toe  degenerate?  An<l  why  are  tin* 
teeth  at  the  anterior  <lorsal  margin  of  the  lorica  con- 
fined to  the  right  side? 

These  points  will  be  better  understood  if  we  exam- 
ine the  lM»havior  a  little  further.  As  we  have  seen, 
the  animals  continually'  swerve,  while  swimming, 
toward  the  dorso-dextral  part  of  the  boch' — that  which 
]>ears  the  ridge.  This  result  is  du(»  to  two  components 
(1)  a  tendency  to  swerve  toward  the  dorsal  sid(»,  as 
when  lifting  the  l>ody  from  the  Iwjttom  (a  tendency 
which  is  present  in  almost  all  fre<»-swimming  rotifers), 
and  (2)  the  i-c^volution  toward  th<^  right.  'I'h<^  n^sult.- 
ant  of  thesti  two  components  is  a  turning  toward  th(» 
dorso-dextral  region. 

Now,  as  in  the  Infusoria,"  the  usual  rea(»tion  to  a 
stimulus  in  the  RaUid'uhv  is  closely  related  to  the 
method  of  locomotion.  When  a  DiurelUi  or  Ruf lulus 
while  swimming  freely  through  the  water  meets  an 
obstacle  it  alters  its  course  simply  b}'  turning  still 
farther  than  usual  toward  the  side  to  which  it  is 
already  swerving — that  is,  toward  the  dorso-dextral 
side.  If  the  obstacle  is  snmll  it  is  thus  at  once  avoided. 
If  the  obstacle  on  the  other  hand  is  large,  such  as  a 
flat  surface,  which  prevent^s  further  movement  in  the 


n  Se«  JenninfiTH,  On  the  Mmn-mentK  and  Mator  Reflexen  uf  the  Flayellata 
and  Ciliata.    Am.  Jour«.  ^hysiol ,  vol.  8,  pp.  25J»-aeO. 


Pkj.  2.-  Spiral  path  followed  by  IHur- 
ellii  tiyrin  Mtiller,  Hhowinfc  that  th« 
aniinul  contiinially  Hwervefi  toward 
th«  dorso-dextral  side. 
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axis  of  the  spiral,  the  animal  oontiinies  to  swt»rv<»  toward  the  dorso-<lextral  side  till 
its  <^eueral  direction  is  completely  chan«r»*d.     Te.vt  ri«j:ure  -5  repivsents  such  a  reac- 
tion in  lyiurt^Un  fhjris  Mliller. 
,-"''"  The  animal  mav  l>e  stimu- 

lat<Ml  in  other  wavs:  the  usual 
rr-siilt  is  to  induct'  it  to  swerve 
farther  toward  the<loi*so-dextral 
sidi'.  irtli<*n»  is  rcallv  no  obsta- 
fie  th<»  path  Immm)iiu\s  merely  a 
wi<hM*si»iral  than  usual  for  some 
distance'. 

X<»w,   it    is  evident    that  if 

the  animal.  wIkmi  thus  turninjr, 

strikes   against    any   object,    it 

will  lx»  the  doi*so-<lextral  anj^le 

of  the  head  which  receives  the 

shock.     Tin*  <-orona  is  of  course 

not  covered  bv  the  loriea,  as  is  the  rest  of  the  ImkIv, 

so  that  it  mi«rl»t  easily  be  injured  in  such  cases.      But 

at   the  i>oint  where  the  corona  wouid  strike — at   the 

dorso-dextral  angle — is   the    tooth    (or    teeth).     This 

takes  the  blow  which  would  otherwise  fall  ui)on  the 

delicate  corona. 

Sometim<'s  the  animal  swims  forwani  into  a  small 
angle,  wheiv  it  can  not  <lireetly  turn,  as  between  the 
surfae<»  lilin  of  water  an<l  tin*  bottom  of  a  watch  glass. 
In  this  ease  the  animal  In^gins,  as  usual,  to  turn  toward 
the  dorso-tlextral  side,  bnt  as  a  result  it  nmv  merelv 
'M)ump"' its  h»'ad  against  the  bottom.  It  neverthe- 
less |HM*severes  trying  to  turn  in  the  same  direction, 
while  at  the  same  tim«»  it  revolv«'s  on  its  long  axis, 
riius  the  head  will  be  tliagged  and  ''bumiKMl"  along 
tin*  surfatM*  until  in  time  tin*  dor.so-dextral  angle 
(through  tin*  revolut  ion)  b,'eomes  din*<-ted  toward  the 
free  water.  Xo  one  who  has  seen  this  pe<'uliar  i)er- 
formance  (which  is  not  at  all  luicommtui)  can  n*main 
in  doubt  as  to  what  is  the  significance  of  the  tooth  or 
tet*th  at  tilt*  dorso-dextral  side  of  the  anterior  end  of 
the  l<»rica.  These  teeth  take  all  the  ''bumping" 
while  the  animal  is  turning,  in  place  of  its  falling 
ujion  th(*  <leli<*ate  conma.  The  teeth  aiv  placed  just 
r««ent»ano]>sta«ie.  Tbo  animal  turns  where  they  will  Serve  to  protect  the  delicate  head 
towardthed.i^vaextraiM.u.  whi.h    ^^.j^^.^j   the  anterior  end  comes  in   contact  with   anv- 

bears  th**  t«M»tn  and  riut?e. 

thing.  Owing  to  the  invariable  swerving  toward  the 
dorso-dextral  sitle,  the  head,  if  it  (*ver  strikes  against  obstacles  at  all,  will  strike  on 
this  dorso-dextral  angle,  when*  tin*  teeth  are  reatly  to  protect  it. 

The  striking  against  objects  is  by  no  means  rare  even  in  the  ordinary  swimming 


Ficj.H.-  Diagram  «»f  a  n-a^-tion  toastim. 
ulns  in  Ihnrtllti  tujritt  Milll«*r.     A  rvp- 
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of  the  animal.  It  often  swims  alonjj^  with  its  spiral  path  tangent  to  a  surface, 
almost  every  turn  bringing  the  animal  against  the  surfac^e.  Sueli  a  tangent  surface 
maybe  represented  by  the  line  ,/•-?/  in  text  figure  2.  Hut,  as  the  figure  shows,  of 
course  it  is  always  the  dorso-dextral  angle  whi<*h  comes  in  contact  with  the  surface, 
and  the  tooth  or  teeth  prote<*t  tin*  soft  head  from  injury.  No  t(M*th  are  present  on 
the  left  side,  because  they  would  serve  no  purpose  in  that  position. 

Finally,  the  twisting  of  the  foot  and  toes,  so  that  they  can  turn  only  to  the 
right,  finds  its  explanation  along  the  same  lin<».  The  entire  animal  is  constructed 
on  the  plan  of  turning  to  the  right,  aiul  the  arrangement  of  the  toes  is  merely 
another  adaptation  to  this.  If  the  toes  were  so  arranged  as  to  bend  downward,  a 
sudden  stroke  with  them  would  tuni  the  organism  toward  the  ventral  side,  quite  in 
opposition  to  the  other  tendencies  of  the  animal,  i^ut  with  the  t.oes  turning  to  the 
right,  their  action  is  brought  into  harmony  with  the  rest  of  the  l>ehavior  of  the 
animal.  On  getting  to  a  place  where  it  <»an  go  forwar<l  no  further,  or  as  a  i*esult  of 
other  strong  stimulation,  the  aninml  turns  its  t<H»  or  t(M\s  sudd<»nly  and  sti^ongly 
to  the  right  and  forward,  iiy  this  the  usual  swerving  of  the  animal  to  the  right  is 
strongly  accentuated;  the  path  of  the  animal  is  thus  suddenly  changed. 

I  have  attempted  to  give  an  explanation  of  the  decrease  in  size  of  the  right  toe 
in  the  general  ac<*ount  of  th<^  t(M»s  (p.  284),  whi<*h  may  1m*  referred  to  here  to  com- 
plete the  ac<*ount  of  the  factors  which  result  in  the  ])ro<iuction*of  asymmetiy  in 
this  gnuip. 

A  few  other  points  should  be  mentioned  in  roganl  to  tho  movement>i  of  these 
animals.  There  are  a  few  of  the  smaller  species  of  Rattulida,,  with  short  thick 
bodies,  such  as  DlureUa  porrellu^  Gosse  an<l  I),  hnfclnjura  Gosse,  which  do  not 
invariably  swim  in  a  spiral,  though  they  do  usually.  In  some  cases  one  of  these 
animals  will  be  seen  to  swim  for  a  short  distance  in  the  following  manner:  With 
ventral  side  down  (or  up),  the  bo<ly  swings  on  the  long  axis  from  side  to  side,  giving 
it  a  peculiar  rocking  motion,  but  without  it^'olving  (^mipletel)'.  AfUn'  swimming 
for  a  short  distance  in  this  manner  th(»  animal  may  suddenly  begin  to  revolve  and 
continue  its  (M)urse  in  a  spiral  path  like  th<*  other  liaffulidw. 

The  Riiftuliihv  not  infre<|uently  creep  along  the  substratum  with  the  coronal 
face  against'  the  surface,  llnder  these  cinnimstances  the  animal  of  course  does  not 
revolve.  But  the  unsymmetrical  structure  i)r(Mluces  it.s  effect  <»ven  in  this  case. 
The  animal  very  rarely  moves  in  a  straight  line,  but  usually  follows  the  curve  indi- 
cated by  the  form  of  the  l>ody,  thus  circling  continually  to  its  right.  That  this 
might  perhaps  be  expected  will  Xw  seen  by  examining  the  figures  of  Rattulus 
lophoessus  Gosse  (pi.  xi,  fig.  I)!i)  and  Dinrelhi  fit/ris  Miiller  (fig.  1),  as  seen  from 
above. 

The  habit  which  these  animals  have  of  affixing  tliemselves  to  foreign  objects 
by  a  string  of  mucus  has  aln*a<ly  l)een  describe<l  (p.  2i>*J). 

The  alH^ve  ac(H>unt  of  the  movements  of  the  Rattidkhv  has  Ix^en  drawn  from  a 
study  of  a  (*onsiderable  number  of  species.  Tnde<»d,  all  through  the  work  on  the 
group  special  attention  was  paid  to  this  matter.  I  have  studied  especially  in  this 
connection  Diurella  ftgris  Miiller,  DiureJIa  porcellus  (tossc,  Diurella  hrachyura 
Gosse,  Diurella  stylaia  Eyferth,  KaUulus  raifus  Miiller,  Ratiulus  carinafu.sLamsLreky 
Rattulus  bicristatus  Gosse,  Raitulw*^  mucosus  Stokes,  Rattulus  hicuspes  Pell,  and 
Rattulus  elongatus  Gosse.    In  all  these  the  behavior  is  essentially  as  set  forth  above. 
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CLASSIFICATION. 

The  classification  of  the  RatfuliiUv  has  l)ccn  in  a  VHiy  confused  condition.  There 
is  little  ajri'eeiuent  as  to  the  division  of  the  family  into  p'nera  or  as  to  the  names 
which  ai'e  to  be  used  for  th«'  jrcncra.  The  sjMM'ific  names  are  in  an  equally  nnsatis- 
faetorv  condition. 

In  the  present  paiM*r  th<'  writ<*r  attempts  to  use  the  names,  l>oth  *reneric  and 
specifi<*,  which  are  in  accordanee  with  the  rules  of  nomenclature  adopted  by  the 
International  Congresses  of  /of)loj;y.  In  vi<»w  <»f  the  api>roachin^  publication,  by 
the  German  Society  of  Zooloj^ists,  of  a  systematie  review  of  the  entire  animal  king- 
dom, *'I)as  Thi«»rreieh/'  in  which  these  rules  are  to  be  applied,  it  seems  impossible 
that  any  names  not  in  ae<*r)rdan<M'  with  these  riiles  can  lon^  pei-sist.  While  it  is  of 
course  inconvenient  to  be  com|Hdled  to  chanic**  some  names  that  have  come  into 
rather  geiH»ral  usa«re,  the  <'onfusio!i  so  eaused  will  not  last  long,  and  it  will  ])e  a 
great  advantage  to  get  the  nr)nienclature  onee  established  on  a  generally  recognized 
basis.  In  the  case  of  the  RatfitJ'nJn^  the  confusion  is  already  so  great  that  the  adop- 
tion of  th<»  nanM*s  required  by  the  recognized  rules  of  nomenclature  can  scarcely  be 
C4ille<l  even  an  in<'onvenience. 

I  shall  give  in  the  following  a  brief  historical  review  of  our  knowledge  of  the 
Rdifuliild^  with  the  purpos<?  of  showing  the  generic  names  which  must  In*  used. 

Histonriil  r^rifir. — The  fii*st  of  th«'  Iiftffnlitla  to  In*  <lescribed  was  Raffuhm 
raff  U.S.  bv  Eichhorn,  in  177/).  Kichhorn  called  it  the  **  Water  Rat"  ("^Die  Wasser- 
Ratte'').  In  177»i  Miiller  gave  it  th«*  name  Trirlunfn  mlfus  The  genus  Trichoda 
included  a  heterogeneous  group  of  mieroscopie  organisms,  of  which  the  animal  at 
present  under  consid<*ration  by  no  means  foi-me<l  the  tyin*,  so  that  the  genus  Trwhoda 
does  not  belong  to  the  Rfiffulidn .  Miiller  des<'ribe<l  also  Rufiuhis  mrinafus  under 
the  name  ^''  Trir]nnln  rniius  r*  siridnm  (jt  r*  ns,'*  and  a  thinl  spe<M«*s  of  the  Raff(did(e, 
Tf'irhodii  liiit'tris,  whi(*li  it  seems  im]M)ssible  now  to  recognize.  In  the  same  year 
(1776)  Schrank  gave  the  name  lirnrJiiiums  fifiind runs  i«»  Rnfftdus  ruttus  Mtiller. 
The  name  llrncjinmiis  had  already  be«*n  used  foilhe  rotifers  which  still  bear  that 
name,  so  that  it  is  not  a\ailable  for  tin*  litittulidn^  an«l  the  siwcitic  name  r//////^//-/c?/.s' 
is  a  svnonvm  of  mtfus. 

III  17>>»»  Miiller  d<*sciibed  T>nirt1hi  {it/ri.s  as  Trirjinda  t'njris — the  specific  name 
fitjris  thus  of  conise  having  pricuity  for  this  si)(»cies. 

Schrank  next  «lescribed  Rnthdns  hnnjisthi,  at  first  (17'.>^{)  under  the  name  Brach- 
inn  IIS  rutins:  then  ( Isoj)  under  the  name  Vnijinnrin  hjiujisttii.  The  tyi>e  of  S<*hrank's 
genus  \'(n/t/inrifi  was  not  one  of  tin*  Ridfididn  ,  so  that  we  may  leave  this  name  out 
of  consideration.  The  specific  name  Jinujisitc  evidiMitly  has  priority  for  the  animal 
under  consid<'ration.  however,  in  place  of  EhrenlM*rgV  name  hicornis. 

In  Isp;  Lamarck  founded  for  Muller's  Trir]tndn  rnffns  and  "*'Trirh(tdu  rcdfus 
vtsiriddin  (/^/v/^s"  the  geuus  Raff  id  us.  This  generi<*  name  therefore  evi<lently  has 
priority  over  any  other  for  the  Rtdfulidiv,  an<l  must  take  the  pla<*e  of  the  commonly 
used  name  Mnstiifurf  rrn  for  the  genus  to  which  Miiller's  spe<*ies  (R.  ridfus  Rud  R. 
carlfifdds)  l>elong. 

In  lS'2i)  the  same  forms  w(»re  placed  by  (roldfuss  in  the  genus  Trirhorerrn.  This 
name  is  of  course  merelv  a  svnonvm,  so  far  as  the  Rnftididn'  are  concerned. 

In  1Sl»4  Bory  de  St.  Vincent  founded  for  these  same  animals  the  genus  Mono- 
cercn^  giving  them  both  together  the  name  Monorerm  longlrfiuda.  Both  the 
generic  and  specific  names  are  thus  of  coui-se  synonyms,  and  must  be  dropped. 
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Bory  <le  St.  Viiiceiit  at  alKJUt  the  same  tiiiie(I><24)  deserilxvl  under  the  name 
DiurdUi  fiyris  th<»  animal  which  I  <leseril>e  below  as  DinrcUa  porrellus  Gosse.  As 
the  speeific  name  fi'<jris  hml  already  been  use<l  ])y  MiilhM*  for  a  meml)er  of  the  same 
^enus,  it  can  not  persist.  I>iit  the  <x<'ii^*n<*  nain<»  DittreUa  is  the  first  one  j^iven  t-o 
one*  of  th(»  R(titidifl(v  having  nearly  <M|ual  t<K»s;  In^nec*  this  name  has  the  priority  for 
th<»  j^cMius  so  distin^nish(Kl. 

We  fin<l,  thc^refon*,  tliat  the  ^en<»rie  iinnu^  Raff nht.^  is  to  W  us«m1  for  t.he  spcH-ies 
having  one  very  lonjj:  to<»;  Diirnllfi  for  those  having  two  short,  nearly  equal,  trO<»s. 

In  \H'M)  Filir(MilH»r^  foun<l<Ml  the  ^enus  Masiit/orrrcd  for  liafiulus  rurimtfuSy  while 
placing  th<»  spe<*ies  raff  us  in  Hory's  <?enns  Mitnon  n-n,  Tlu»  names  Afnsflgorerca  and 
Manorercfi  have  sin<*e  b(M»n  much  usimI,  owiui^  to  KhrenlM»rjj:'s  ti:n»at  authority;  thej' 
i\n^  both,  however,  merely  synonyms  of  Ruffufus.  The  name  Hafftdus  KhivnlM»rg 
restricted  to  a  small  oi'ji:anism  whi<*h  he  identified  with  .Muller's  Trirhmfn  fututris, 
and  to  which  he  attributed,  rather  cMnphatically,  two  ey<'s,  a  chara<*ti^r  not  known  at 
pres<Mit  to  1m»  possessed  ])y  any  of  the  RnffuJitttv. 

FLichwald  (1S47)  foun<led  the  ^<»nus  Hofhi'lonrrn  for  oii<»  of  th<»  RatJulidcej 
apparently  iMdonjrin^i:  to  the  ^enus  Diurtlfa^  though  his  ac<*ount  is  so  vajjue  that  the 
aninuil  can  not  1m»  identitied.     In  any  case  RofJiriorrrcn  is  merelv  a  svn<mvm. 

Dujanlin  (1H41)  in<*luded  Ditn'fffa  fii/ri.s  Mull<»r  in  his  new  ^enus  Pfttgiof/natha^ 
a  j^enus  <*ontainin^  a  heteroj^eneous  ^roup  of  organisms,  suppos«Ml  to  ivsemble  ejieh 
other  in  their  jaws.     This  <j:enus  was  not  a  natural  on<^  and  must  Im»  jifivcn  up. 

Schmanla  (lS/>!»)  founded  the  ^eiuis  Jfrffnufnftfltus  for  certain  speci<\s,  part  of 
them  at  least  belonjifinji:  to  th<'  RidfitfidiV — apparcMitly  s|M»<Mes  of  the  ^enus  Diurella. 
The  typi»  of  this  new  <ijenus  ha<l  two  f'(/uat  to<^s,  an<l  was  probably  Dinrella  iUjris 
Muller.  If  w(»  are  toc'lassify  in  a  ji:<»nus  by  thems«»lves  th(»  sj)eci<»s  having  equal 
toes  (thus  foUowin«i;  (Josst*),  tliis  ;^enus  would  have  to  re<»eive,  acconling  to  the  laws 
of  priority,  tin*  name  l[ffrr()(/n(ifhusSvhu\iiVi\i\. 

In  18S(»Tessin  ji:av<»  it  as  his  opinion  that,  the  Rnffufitftv  <M)uld  not  1m»  distinguished 
into  well-defined  natural  jrenera,  Rnffnins  (jrttrifis  Tessin  forming  a  <*onnecting  link 
betw(»en  Mtmorvrctt  { Raffufus)  and  DiunJfn.  He  th<»n»fore  unite<l  all  the  sp<K»ieft 
in  thi»  new  j:j(»nus  Arfinfh(tdarffffns.  Th<»  jjjivinjj;  of  a  n(»w  name  was  of  <»oui*se  an 
unjustifiable  proct^Mlin;^,  (»ven  granting  the  truth  of  Tessin's  contention.  If  all  the 
Ruffufiifti  ar<»  to  be  united  into  a  sinjrle  «!:<»nus,  the  nam<»  litifffifus  undou])t(Hlly  has 
the  priority.  Moreover,  the  name  Ai'(tnflunfnrfiilus  was  already  preoc<*upi<Hl,  in  the 
lieptilia  (See  IlofTinan,  in  Hronn's  Klass<Mi  und  Ordnuniren  d<»s  Thii»rreichs,  Hd.  0, 
Abth.  :5,  ]).  insii). 

Finally,  in  ISSii,  <;osse,  in  Hudson  &  (ioss<*'s  .Monograph  of  the  Rotifera,  distin- 
guished jri'ncM'a  as  follows:  To  tlu*  spiM'ies  with  on<»  long  t<M»  was  given  Ehren- 
berg's  name  Mitsfiijon  na.  Th<»  genus  lidfftiJtis  was  given  an  entirely  new  sense, 
different  from  that  in  whi<*h  either  Lamarck,  Boiy,  or  Khn'nlM»rg  ha<l  used  it.  In 
it  were  pla<*<^<l  the  spe<*ies  having  two  equal  toes  (in(*luding  some  spi^eies  which 
clearly  (h)  not  Iwdong  to  the  Raffufufiv  at  all).  Finally,  the  gi»nus  dvlopua  waa 
founded  on  tlu^  basis  of  a  peculiar  structural  characteristic,  whieh  (iosse  thought 
h(»  had  dis(*overed  in  sonn*  of  the  s]M»ci(»s  of  />////v7/<^  (ioss«»  thotight  that  the  toes 
in  Dinnffii  porcf'ffus  (to.sse,  I),  fcnulnr  (ioss<»,  />.  nwla  (Jossc*,  and  />.  hravhyura 
(iosse  consisted  of  *'one  broa<i  plate  with  another  lai<l  upon  it,  in  a  different 
plane," and  on  this  filature  he  found<»d  the  genus  Cnfopus,     As  has  btH»n  n»peatetlly 
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pointed  out  of  late,  Gosse  was  quite  mistaken  uik)ii  this  point;  these  species  have 
two  equal  or  unequal  bristle-like  toes.  This  jxenus  Cdlopu.s  must  then  of  course  be 
dropi>ecl,  as  a  synonym  of  Dhmlla.  Mnstitjinu  n-a  as  us(»<l  by  Gosse  is  equivalent 
to  R(iffuhi.s  in  its  primitive  application,  so  that  it  must  lx»  replactnl  liy  Bdftuliis. 
Finally,  the  group  of  s[K»cies  which  (iossi*  distinj^uished  as  Knffuhis  can  not  well  l>e 
separate<l  from  DinnUa,  an<l  should  be  included  in  that  genus. 

Lord  (ISlil)  founde<l  a  now  gonus,  FJosa^  said  to  belong  to  the  Nnffulidce,  but 
lacking  a  foot.  From  the  description  which  ho  gives  of  this  animal,  it  seems  clear 
that  it  is  not  one  of  the  RnftuUtUi\  but  belongs  rather  with  AsconKtrplia. 

Dirisioti  of  flu  Raffnluhv  into  (ji m  ro. — W<*  may  now  in<[uirc  a  little*  more  fully 
into  the  basis  for  classification  in  this  family.  On  what  grounds  can  the  RaftuUihv 
be  divi<led  into  genera? 

The  chara<*ters  which  have  been  used  by  pix^vious  authors  are  mainly  two:  (1) 
the  presence  or  absence  of  a  lorica;  (-)  tlie  numl)er  and  relative  length  of  the  toes. 

As  to  the  first  point,  Ehrcnberg  <listinguished  two  genera,  Morutcf  rra^  without 
a  lorica,  and  Mastujoa  n-a^  with  a  lorica.  In  the  former  he  placed  Rafhdua  rattns 
Miiller;  in  the  latter,  Raftiilu.s  rarinotn.s  Lamarck.  Now,  these  two  are  so  closely 
related  that  it  is  doubtful  whether  thev  should  not  lx»  considere<l  one  and  the  same 
8peeit\s,  and  lH>th  have  the  <*uticula  stiffened  to  form  a  lorica.  Th<»  same  i.>  true  of 
the  other  sp«»ci(\s,  Ruttnlits  Jouijist to  Schrank,  included  by  Flin*nlK»rg  in  his  non- 
loricate  genus  Monorfrro.  In  fact,  the  distinction  between  Monortrni  and  Musti- 
tjfKTrra  ha<l  no  basis  in  reality,  and  it  is  quite  impossible  to  divide  t\w  family  in  this 
manner,  for  all  have  a  lorica. 

As  to  the  secon<l  point,  i>orv  d<*  St.  Vin<*ent  (ISiU)  included  in  M(ffiocer('a  the 
species  having  a  single  long  toe,  while  DiunUn  ha<l  two  evident  t<H»s.  This  distinc- 
tion, in  OIK*  form  or  another,  has  Iwen  kept  up  an<l  is  in  use  at  present. 

Tessin  (issr>)  held  that  this  was  not  a  good  basis  for  division  into  genera,  for 
he  Siiw  in  lloHulns  (jniriUs  Tessin  ([)!.  v,  figs.  4.')-4'.»),  «i  siM*cies  which,  with  its 
shorter  t<M*  about  one-third  the  hMigth  nt*  the  main  toe,  formed  a  transition  from  the 
single-toed  to  the  two-toed  forms,  lie  therefore  united  all  the  Roltulidd  in  a  single 
genus. 

Th(M*e  ean  be  no  questicm  Imt  that  Tessin  was  right  in  Ixdieving  that  interme- 
diate staireseonhi  be  found  between  the  two-toed  and  one-toiMl  forms.  In  fact,  as  I 
have  shown  in  the  account  of  tin*  toes,  almost  every  gradation  can  1)6  found  Ixdween 
the  condition  with  two  (Mjual  toes,  and  that  where  only  a  single  to<*  can  at  fii'st  l)e 
det«M'ted,  and  all  the  species  can  be  shown  to  have  two  to<»s,  though  tlie  right  one  is 
in  manv  cases  a  mere  rudiment. 

If,  th<»refor<»,  we  are  to  consider  the  genus  a  natural  group,  inchniing  only  sj>e- 
cies  that  an*  more  closely  related  to  each  other  than  to  any  species  of  another  genus, 
I  iMdieve  there  is  no  escape  from  the  iu»cessity  of  classifying  th(»  Rtitiulhhv  all  in  one 
genus.  I  have  mad(»  many  attempts  to  grouj)  them  into  what  s<»emed  natural  genera 
on  other  bases  than  th<»  toes,  l>ut  found  that  all  had  the  sam<»  defects;  some  of  the 
species  within  the  genus  were  apparently  not  so  closely  related  to  ea(*h  other  as  they 
were  to  some  sjH^cies  outside  the  genus. 

Perhaps  the  nearest  to  a  natural  gi-oup  within  the  faiinly  wouhl  l)e  made  by 
separating  otT  Rnffulus  rapurinu.s  Wieiy..  tfe  Zach.,  R.  ri/li)alrirus  Imliof,  and  R. 
tnulticrinis  Kellicott  as  a  separate  genus.     But  R.  eUmijatns  Gosse  is  xery  closely 
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related  to  the  two  foriiuM*,  an<l  seems  itself  closely  relattHl  to  A*,  rtifh/s  Miiller.  If  the 
hist-naine<l  speeies  sliould  be  iiicliKhKl  in  tlie  new  ^roiip  it  wouhl  havi»  to  carry  with  it 
R.  carinntns  Lainarek,  l\.  /o^>^o<'.s.s•/^s•(ioss(»,  etc.  Moreover,  Raffulus  htfus  JenniiijCfS 
an<l  J^,  hirnsjH's  Pell  seem  relate<l  to  /*.  wulflrriitis  Keilieott.  On  the  wliol<»,  such  a 
jjjn>iip  eoiihl  not  l)e  separated  otT  without  being  op<»n  to  all  the  objections  whieh  may 
be  made  to  the  (*hissifieation  on  the  liasis  of  the  t(H*s. 

\Ui\  the  id<»a  that  a  ji:enns  must  n»pr<»s<»nt  a  weii-defnuMl  natural  <i:roup,  all  the 
S]X»<Mes  of  whieh  are  more  closely  relat<»d  to  ea<*h  other  than  to  any  outside  speeies, 
has  as  a  nuitter  of  fa(*t  Immmi  largely  giv«Mi  u[)  in  pra^'tice.  <if»neric  divisions  are 
more  <*ommoidy  made  on  artifi(*ial  grounds,  to  break  up  an  otherwis«»  unwieldy 
group  into  conveni(*nt  <livisions. 

On  this  basis  it  seems  to  me  that  w<»  may  properly  retain  the  ohl  g<»nera  based 
upon  the  toes.  In  one  grou])  may  b(»  class(»d,  as  heretofore,  tliose  siM»cies  which 
make  the  general  impression  of  having  a  single  long  toe.  This  group  must  recreive 
the  name  Bnftuhts,  In  th<»  othcu*  group  will  be  pla(M.Ml  those  that  make  clearly  the 
impressicm  of  having  two  toes,  and  to  this  grouj)  the  name  D'mrrUn  belongs. 

Then  arises  the  ([uestion  as  to  how  wi»  shall  define  our  two  g(»nera  so  as  tode<*ide 
in  dou])tful  eases  in  which  genus  the  sp(M*ies  shall  go.  \i>ne  of  the  d<'Hnitions  here- 
tofore giv(»n  will  suftice,  for  they  have  be<Mi  made  upon  false  grounds  and  without  h 
knowl<»dge  of  th<»  n»al  stru<*ture  and  amount  of  variation  in  the  t(M»s. 

We  shall  probably  do  b(»st  to  frame  our  detinition  so  that  it  shall  retain  in  the 
genus  Diiinlhi  those  that  have*  heretofore  been  looke<i  upon  generally  as  liavingtwo 
to<\s,  while  RulfuJns  shall  inchnle  those  that  have  g<»nerally  Immmi  considere<l  one-toed 
forms.  This  will  be  b<*st>  ac(M)mplished  if  we  define  the  two  groups  as  follows: 
DinrcUii  inchnles  those  species  in  which  the  smaller  of  the  two  t<M»s  is  mor*»  than 
one-third  the  length  of  th(»  larger;  Rutlnhis,  the  spe<*ies  in  which  the  smaller  toe  is 
but  one-third  or  less  of  the  length  <»f  the  larger,  or  sccmus  to  1m»  lacking. 

The  history  of  our  knowledge  of  tin*  group  shows  that  wh«M*e,  as  in  DiureUa 
fentiitn'  (rosse  and  />.  {n.sl(/nis  Ilerrick,  the  smaller  toe  is  nearly  (though  not  quite) 
one-half  tin*  IcMigth  of  the  larger,  the  animal  is  naturally  classifie<l  with  the  two-toed 
s]K*eies.  For  this  n^ason  it  is  better  to  make  the  divi<ling  point  come  at  the  propor- 
tion of  oiH'-thinl  rather  than  at  one-half.  The  <li vision  thus  obtnine<l  is  perhaps 
the  most  natural  of  any  that  could  b<*  made.  The  chi<»f  ])la(*e  wh<*re  it  fails  is  of 
course  in  the  sp<»cies  that  an*  near  the  dividing  Him*,  in  separating  su<'h  closely 
relat(*d  spe<'ies  as  /)iin'rl/fi  friininr  <toss(»  and  RnttuJus  f/r(irilis  'i'essin. 

Another  genus,  t<»  includ«*  sp(»ci<»s  having  the  to«»s  exa<*tly  equal  (answering  to 
(tossc's  genus  R(iffnlus),  nnght  b<»  rcM'ognized.  l>ut  this  seems  to  nn*  liar<lly  advis- 
abh».  The  (Mjualit}'' of  the  to<»s  is  mdy  one  point  on  a  long  s<*ale  of  variation  and 
seems,  in  tlu^  ])resent  cast*  at  h*ast,  not  worthy  of  being  so  strongly  marke<l.  In 
our  Ameri<*an  Rn/fu/ida  this  would  separate  from  all  others  />////77/// //<//-/.s  (losse, 
L).  ififfirntf-dift  Stenroos,  />.  sulcdln  Jennings,  and  />.  cfiria  Oosse,  which  certainly 
do  not  form  a  group  well  marked  off  from  tin*  <»th<*r  sp4*cics  of  Dinnlhi.  If  such  a 
genus  should  be  recogniz4*<i  it  would  have  to  ret-eive  tin*  name*  flrft  roijitnfhufi 
Schmarda  (1JS.')U),  as  this  was  the  first  gi'uus  founde<l  for  e«[ual-t<M*il  forms,  its  typi* 
species,  llt'ff  nx/fnifhus  tnorrotUirtiihtyi  Schmarda,  lM*ing  without  much  doubt  none 
other  than  Diurclln  li(/ris  Miiller. 

SiKciJir  (lisfiUf'flnns,  —As  to  tlu.^  distinction  of  species,  this  s,M*nis  not  intrinsic- 
ally so  ditticult  in  the  Baihfliihv  as  in  some  oth<»r  groujw  of  the  Rotatoria,  notably 
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the  Anurceadce  and  Brfwhioniihv,  In  the  latter  families  individual  variation  is  so 
great  that  it  is  often  almost  impossible  to  determine  whether  two  eonsiderably 
differing  speeimens  should  or  should  not  l)e  eonsidi»re<l  different  si>eeies.  In  the 
Raffulida  variation  <lo(»s  not  e\t«»nd  to  such  lenjj:tlisas  tliis,  an<l  witligooil  si>eeimen8 
the  species  may  usually  be  r<MM)<jnized  with  mueh  eertainty.  Of  the  2U  species 
which  an»  <lescrilMMl  in  the  followin;^  from  my  own  observati<m,  there  are,  1  am 
convinced,  only  one  or  two  cases  when*  later  investigation  may  possil)ly  unite  two 
into  one.  One  of  these  is  that  of  Rnftnlus  nittus  Miiller  and  Hatiuhis  rarinafus 
Lamarck,  which  has  always  been  <*onsid<M-ed  <loubtful.  Two  very  distinct  forms  are 
certainly  foun<l — oni*  with  a  ridj^e,  the  other  without — and  I  have  not  succeeded  in 
showing  that  the  two  are  really  identical.  Further,  the  spec'ies  grouped  about 
Diurflla  hnuior  <iosse  are  rather  critical  as  to  specific  distinctions. 

Points  /o  bf^  noted  in  (h  srrij)tions  o/  tJte  Rfittnlidi^. — From  man}'  of  the  descrip- 
tions of  the  Rntiididn'  given  in  the  literature,  it  is  exceo<lingly  difficult  to  determine 
the  aninml  in  (juestion,  but  this  is  due  to  the  fact  that  the  characteristic  distinguish- 
ing features  of  the  animal  have  not  Im'cii  noted.  It  will  be  well  to  point  out,  there- 
fore, the  features  that  are  of  <»si)ecial  importance  in  distinguishing  species,  and  that 
should  l)e  include<l,  if  possible,  in  every  description.  1  give  them  in  the  order  of 
their  importance. 

1.  The  teeth  at  tlie  anterior  margin  of  the  lorica,  their  absence*  or  presence, 
their  number  and  relative  siz(s  if  present.  Those  at  the  dorsal  or  dorso-dextral 
margin  shouhl  be  clearly  distinguished  from  othei*s  due  to  the  folding  of  the  head- 
sheatli  when  retracted. 

2.  The  toes,  th<»ir  length  r<*Iatively  to  tlu^lMnly  an<l  to  each  other;  tlieir  position. 

3.  Th<»  general  form  of  the  body. 

4.  Th<»  abs(Mice  or  presence  of  the  longitudiiuil  folds  in  the  head-sheath;  their 
form,  especially  wlieu  the  lorica  is  retracted,  an<i  any  other  cliaracteristics  of  the 
anterior  nuirgin  of  tin*  lori<'a. 

5.  The  ''striated  area,''  whether  developed  as  a  single  or  doul)le  ridge,  a  furrow, 
a  smooth  area,  or  not  develojMMl  at  all. 

As  many  other  features  should,  of  course,  be  added  as  possible,  but  the  above 
are  the  most  important  ones  and  shouhl  not  be  omitte<l  from  descriptions  of  any  of 
the  RnttnJidn .  Of  course,  an  a<*curat(*  figure  or  figures  (sliowing  the  above  points, 
as  well  as  othei-s)  is  i>erhaps  even  more  im[)ortant  than  a  go<^)d  <les<*rii)tion. 

Several  of  t!i<'  most  important  points  above  m<Mitione<l,  notably  the  presence, 
numlM'r,  and  relative  size  of  th<'  teeth  at  the  anterior  margin  of  tlu*  lorica,  and  the 
relative  leuirth  of  the  toes,  have  very  usually  lM»en  omitted  from  specifi<Mlescriptions 
of  the  R(tttKJitl<t  :  this  nuikes  it  v<*rv  difhcult  to  recognize  tlie  animals. 

The  following  systemati<*  aeeount  of  the  Roftulidd'  is  arrange<l  thus:  I  first  give 
tlie  characteristies  of  the  familv.  This  is  followed  bv  a  kev  to  the  ;rcnera  and 
species,  which  may  be  of  assistance  in  locating  <iuickly  a  given  sp<MMes;  though  for 
a  determination,  of  <*ours<',  th<*  entire  <les<*ription  and  the  figures  should  l.>e  studied. 
Some  of  the  j)oorly  described  or  doubtful  simmmcs,  which  I  have  not  myself  seen, 
could  not  l>e  taken  into  th(*  key  owing  to  the  uncertainty  as  to  important  technical 
charactei's;  these,  however,  are  referre<l  to  at  approj)riate  places  in  the  key. 

Then  follows  a  descripti<m  of  all  the  well-founded  sjx^cies  of  Raftidid<e  under  the 
two  genera.     Under  each  genus  I  divide  the  descriptions  into  two  parts,  the  fii*st 
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including  lhf*sperk*s  which  I  am  rtl)le  to  descrilH^  from  my  own  observations,  thus 
making  the  a<*fOunts  full  on  all  points  important  for  <*lassificati<m;  the  second, 
siMM'ies  wliirh  I  liavc*  not  myself  seen.  Of  these  latter  I  have  compiled  descriptions 
from  other  authors  and  have  copied  tin*  best  figures  I  could  lind. 

"^riie  sp<»ci(»s  which  an*  d«*s<M*ibeil  from  njyown  observations  nund)eriwenty-nine, 
including  all  that  hav<*  been  foun<l  in  America  as  well  as  a  nnm]>er  of  others.  The 
remaining  w(^ll-established  s|M'cies  number  seven. 

Finally,  I  have  addcsl  a  list  an<l  notes  on  doubtful  species,  sjM^cies  that  aiv 
insufliciiMitly  descrilxMl  for  recognition,  ami  animals  that  have  lH»en  wrongly  eljissi- 
fied  with  the  llfiffulifhv.  Th«'se  are  in  many  cases  a<*companie<l  by  copies  of  the 
original  figures. 


Family  KArrLLIl).+:. 

Loricato  rotifers,  with  tlu*  strnctnre  soiiu'wluit  uiisyiiimetrical  in  fcrtain  features.  Lorica 
nsually  (ryliiidrical  and  curved .  or  ovat«*  or  ovoid:  cIommI  all  around,  with  an  oiKMiin^  at  ewh  end 
for  the  i)rotrusinn  of  tlu*  lirad  and  tin*  f<M»t.  Tlu^  ant«Ti«>r  iK)rti<niof  the  lorica  UHually  set  off  from 
the  n'uiainder  as  a  head-shcatli.  hy  a  slight  constriction.  On  th»»  doi*sal  surface  of  the  lorica. 
usually  if  not  always  somewhat  lotlu?  rij^lit  of  tin*  median  line,  a  lonj^tudinal  area  whicli  is  traus- 
vers«'ly  stnated:  this  striated  area  is  j^eiierally  oblique,  and  may  Ix*  develojRMl  as  a  sinjiCh'  or  double 
ridge,  a  furr«)W.  or  remain  snnH)tli.  ( It  is  absent  in  only  tw<)  or  thi-ee  siK'cies. )  Eye  single,  (H-(4pitAl, 
attac^hed  to  the  brain.  F(M>t  short.  fre((uently  atta<-hed  unsynnn(»trically  to  the  h>rica.  Toes 
bristle-like,  their  phu'e  of  attachment  u-^nally  twist^'d  s  »  as  to  bring  the  right  t(H*  s<>m«>what  tu  the 
dorsal  side  of  the  left;  the  toes  sometimes  equal,  but  the  right  or  dorsiil  tmr  usually  shorter:  8ome- 
tim«*s  quite  rudimentary.  Minute,  bristle-like  "suhstyles"  at  the  \msv  of  the  t^H's.  Tn»phi 
usually  unsymnu.'trical.  th**  right  manubrium  smnller  than  the  h*ft:  s«>metinies  rudimentary. 
Mucus  glands  and  reservoirs  much  devel<>iKMl. 


■  ; 


h'rt/  ft)  fhr  tfriirni  aiifi  sj^rivif. 

A.  The  two  t<H'^«'(p)al  »•!•  tin*  s||i>rt<'r  lo««  inori'  tlmii  oiic-tliinl  length  of  hniMT'T         I.Dickkm.a  B<»ry  <Ie  StVliu'ent. 

B.  A  sin^jflo  lon^  tt>i>  witli  usimliy  or  ulways  aii  iii('oiiMiii<-uo\is  sliorter  oiit>,  tht*  lutti'riiot  inoro  tliHii  ono- 

third  tlio  U'Tijrth  i>t' thf  loiijfor  <iiM* II.  K.VTTri.rs  J^man'k. 

I.  DirUKLLA  n».ry  a.-St.Vinri-nt. 
al.  T«M»s  iHiuiil. 
/*/.  With  jisiiijrlr  t«>oth  at  th<'  (1oi*ni1  <ir  «lorso-<li»xtral  antrrior  iiuirK^iii  <if  tlie  lorira. 

«■/.  Tho  t«N^alMiiit.  oiic-thinl  a.H  loii»;  as  th«*  b(Mly:  IxmIv  olou^^itcd.  cyhnilriral,  ciirvtMl         1.  /i.  /iV;//«  MOllor. 

r;   T«M»!n  short  IT.  U*Msthan  oii4»-thir«l  thi'lnKly  lou^rth:  iKKly  shorternml  v««ry  Miiiall:  no  visihh*  ri<l>r»». 

4    /'.  uitrinii-ttiii  St<>iir(MtH. 
iSi'»«  al<«i  '.•.  />.  finlrtitn  .Trniiili}^.  ■ 
hi.  N«»  toi»th  (or  i<M»tli  vt-ry  iuruTis]»ii'iioiis.  hanlly  notii'«'abh't  at  th«*  aiiti*rior  dor!<i1  iiuir^in  of  tlit*  lori(*a. 
*■/.  Foot  niiiiut**,  usually  n-tratte*!  within  the  Uiri«*a:  tin-s  very  short:  lorira  <>n<lin;;  iM-hind  in  a  N]mri> 

an^le:  two  de*-]!  f;riHiv<"!n  surroiin  lin^^  t!u"  lx«ly  n««aritH  niiihlh*  *.».  />  sidrtitti  Ai^numgn. 

Very  small;  lori<'a  niurh  swollen  aiul  ro;nnl«Ml  behind  and  alH»vi',  liriimiim  th«'  f«Mit  iMitircly  nn  tin* 

vt-ntral  snrfiu-e.    Otherwis**  ninrh  as  in  tlu'lust  .......  .     jo.  iK  mnn  {ittuHH^. 

l(<Miy  pro.j«M-tin^  much  alMi\r  and  U'liind  t!ier<Kit;  tlif  t(N<H  wid(>  aiNirt  at  Iilm',  aUiut  on<'-1hird  tin- 

lenirt  li  <»f  1h«' iKuly .V-i    i>.  si  Jinutiin  s  Oimt¥>. 

1^4 Mly  iiroj(>ctin^  Ix'himl  and  alxive  the  small  ftnit;  a  rinf;-lik«>  foM  fir  <*«.illar  surrounding  thi«  lorira  in 

front  of  its  niiddl**:  t<H»s  sU'n<lrr.  alumt  half  as  loiij^  as  tno  lori«.'ii 14.  I >.  vnlltirtM  lit ninmAi*t. 

tSi'i' ;ilso  17.  />.  /»/»'r/(/nr/7/(t  Daday.  I 
uJ.  T<j«*s  uni'<iual  ithr  riiflit  oiu' shortrD. 
/<7.  A  sin^lo  tooth  at  the  antrri<ir  dorsal  marKin. 
tl.  liody  elonpited.  rylindri<-al,  rnrvrd;  the  ri^ht  tiH>a)Miut  half  as  Ion  i;  as  thr  Irft.  or  a  litlh'  Irss  than 

half 'J.  Ik  tinm'ni-  iitmnf^ 

f.'.  The  Inwly  sho?*t.  thirk,  rurved,  with  a  vrry  prominent  ridire;  toes  shoit,  the  ri^rht  onr  a  very  littlo 

shorter  than  t  lie  left 'i.  iK  m'l/tri.n.  np. 

(8eeals4>  />.  unriHutu  Voif^t,  jNige 'UU.  note.) 


I'.'. 


r-». 


'■'♦. 
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b::.  With  twt>  teeth  or  spines  at  the  dorstil  or  dorso-dextral  anterior  luar^iu  of  the  lori«-a. 
cl.  The  two  t«»eth  short,  the  ri^ht  on«'  larjjer  than  l»*ft:  Ixxly  lonj^,  sli^nd^T,  <'tirve<l:  rijcht  t«jf  aVjout  lialf 

as  kms:  as  tlie  left,  <  »r  less .">./>.  iii«njit  m  Herriik. 

ci.  The  two  teeth  short,  the  rijLfht  one  larvr»'r  than  th«'left:  >jo<ly  sliort. thick:  the  f«K)t  turned  beneath 

the  ventral  surface:  the  rijrht  t^x- a  little  shorter  thun  the  left i>.  />.  ywr<r//»ix  (ijjss*'. 

r.;.  The  two  teeth  (leveloixnl  into  l«>nkr.  shari».>*lciulcr  spiin-s.  nearly  «ir  qtiit**  eiiual  in  length:  liody  lon^j- 
conieal  in  shajH.'.  wan-ely  curve*!;  tlic  two  toes  very  cl<»«.»»  tojifether  arul  nearly  i-fjual  'the  left  a 

little  inn^4'r  I .  7.  /^  «^//^l^f  Eyferth. 

b.1.  With  many  i  nine  t  t«M*th  at  the  ant«'rior  niaririn  «if  the  l.irieii s.  />.  *o»/j<j«'/# /i  Voijrt. 

fe'#.  Without  te«*th  at  the  anterior  niap^in  of  the  lorica:  {'*>>{  at  tlie  jH.sterior  end  nf  the  )»o«ly. 

r/.  T(H*s  very  nearly  equal  .. W.  Ir  hnirhymn  iitn^st.'. 

<•-*.  Kijrht  t«H' aliout  two-thinls  a.s  lou",;  as  the  li'ft l'^.  f*.  (ii.ri,n-uitttiilli.  u.  »]t. 

•  Se««  als<»  It.  hit  rnliirtt/ln  Da'lav.  /'.  nnirinn  I)inlay.  an«l  /'.  /«•  Imintlnul'  >  (fos*^',  whi<'h  couhl  not 
l>e  taken  into  the  key  lH^-aus«' ««Ttain  iniiK»rtant  t<««hni'al  ehara'te|-s,  jKirticnlarly  in  r«*iranl  to 
the  anteri«>r  marj^in  «»f  the  lorioi,  are  unkn'»Nvn.  ■ 

II.  KATTILUS  I^miairck. 

nl.  With  a  single  tooth  or  i»roj«M't  ion  at  the  anterior  «lors;il  mr  •loi-so-<l«'xTnil  <  nmr^in  of  thelorica. 
hi.  The  sin>rle.  not  very  conspicuous,  tooth  situate*!  at  <lors4Mlextral  part  of  anteri<)r  margin  ^f  lorica, 
forminj;  a  proloniifjit ion  of  the  ri«lvre  i  tin-  rid^e  may  Ix'  inc(»nsi»icuous  . 
cl.  B<Kiy  elonjjrat»*<l,  nearly  cylindrii-al.  not   strongly  curviMl:   liea<!-s!ieath  sliarjily  set   off  from   the 
remainder  of  th»'  lorica  an«l  very  emit  ra<t  lie;  main  tor  alM»nt  lialf  tlie  lenirth  of  the  lorica,  a<*cfun- 
panie<l  by  a  shorter  t«»»- «»ne  third  the  leii^rth  •  if  f}i«.  luain  on.'  .  .  .  As.  /,'.  i/nuHisTi-^tniu. 

cl.  BtKiy  elonj^ited,  nearly  cylin<lrical,  not  stn»nirly  eurved:  the  li«ad-sli<'ath   n«»t  sharply  s«.»t  off  nor 

very  cont ractile:  t<M*  two-tliirds  the  l«'Ti;;th  of  tlie  Inrica.  or  still  loiitrer  p.»    /;.  w/pi<»  Goswe. 

r,7.  B4^>dy  elonj^it*'*!.  nearly  cylindrical,  str«>n;^'ly  curvet!     .:t'i.  /.*.  cm rr«i/»>.>  Levander. 

ci.  B<Hly  elonj^itt-d.  fusiform,  not  stroni^ly  eurved:  anterior  t'x.tli  very  incoiispiruous:  t<M'  on«'-half  to 
two-third.s  the  length  of  the  lorica:  a  small  spur  i»roje<'tini;  iKukwani  from  the  Ikiv  of  the  t«>e 

when  the  latter  is  turn»'<l  forward  ...:5».  A*.  i«a<vru«  (ti*ss  • 

I  S<.*<'  als4)  /.*.  mtiilt  ns  StennH)S  <':•  and  A*,  rtispithttn.^  StennM*?.  (?•.  > 
bJ.  The  sinj^le  larji^e  tooth  forming,'  a  triangular  pmject ion  from  the  nuxlian  dorsiil  jiart  of  the  anterior 

margin  of  the  loriea,  <»verhaniLcinjr  tin ronu. 

ri.  The  lorica  oval  or  ovoii!  in  form 21.  A*.  »«»////>•»•/«/>  Kelli*-* it  t. 

ci.  The  l«)rica  elon^Hted,  cylin<lricitl. 
(ll.  The  ant«*rior  tooth  i»r«»lonijiMl  as  a  lonj^.  slender  ho<»k  iH-ndimr  over  the  corona    but  not  always 

VL»iible  •:  toe  almi»st  or  (piite  as  lon;jj  as  the  >>«M.ly  .  '^.   I,'.  » i/lhtt/rirtiM  Imhof. 

flj.  Th«'  larj^**  anterior  t<M)th  forming:  a  h«M»d-like  jiroje«*ti<»n  <iVfr  the  c<»r<»na:  IhkIv  s«»mewhat  cnrve<l; 

to«- aljout  half  the  length  of  tlie  body  ...  ..'Si.  /»'.»'»/»»"■/*« i».s\Vierz.  &•  Zach 

( S«-e als4 » :*i.  h'.  liiihiiis  Laiiterbirn  ' 
ai.  With  two  lonjr  tti^-th  <»r  spin»-s  at  the  anterior  maririn  «>f  thelori<a. 

hi.  The  two  teeth  at  jiorso-dextnil  mar>;in  of  lorica:  the  riirht  l<»ni;er  than  the  l«*ft         ',M.  /.*.  /om///.m-/«i  S<'hrank. 

/>,'.  The  two  teeth  at  the  ventr.il  mar,.rin  of  the  1. irica  ■  .'• - A'.  ro.wi».v  Stenrrv»s.  i> . 

o.-?.  Without  teeth  at  the  anterior  mar;^in  of  the  loriea. 
/»/.  Lori«'a  with  two  j»roniinent  ridp*s  on  its  dorsal  mr  dors^ede.xtml  •  >urfae»- 
rl.  Very  larjre;  the  twi»  ridt;e>  very  hiu'h  and  exteiKJiiii:  two  thirds  lenirth  ot  IhmIv  i*».  A',  hinisttitnn  (toss^. 

ri.  Smalh-r,  tlie  two  rid|kf«'s  lower,  rejichinir  Imck  only  abiiit  hall  the  len;;th  oj  lnnly  '%.  A',  inmnsus  Stokes. 

Iff.  A  siaKh'  very  jjromim'iit  thin  rid^re  on  the  dorno-dextral  surfaet-  of  th."  lorica. 
rt.  The  ridtfe  hitfli  and  thin,  extendiii::  alxnit  «)iie  half  the  leiiirth  ol  the  loriea  lT.  A'  iiniinttti.s  I>amarck. 

I-.'.  The  rulire  hiifh  and  thin,  extending  nearly  or  quite  the  tinire  leimMh  ol  the  lorica  .'.".•.  A'.  I'fjthntssiis  (»i»ss»*. 

h.:.  The  rid^«*  either  not  prominent  or  laekint: -a  low  rid^e  can  be  detect«Ml  in  m«n.t  .»f  thes4'  sjM»<-i».'s,  on 
car«>ful  examination ). 

(1.  B<Mly  br«»:id,  ovate,  very  unsymmetrical  at  th<' jH.sterior  end:  no  ti*a«-e  of  ridire ;|»  A*. //i /»/.<<  Jeiinin^cK 

c,'.  B««dy  short,  thick,  arched  dorsjilly;  tof  lon^^er  than  the  loriea:  latent!  anteiinie  prot««<'ted  )»y  pn>- 

je<"tini;  spin«*s      .       .  .     .  .     _.        '.i].  L'.  hutntfH'M  i**'\l. 

r.:.  Larj^e:  }*ody  lonjr,  slender.  stnii;,'ht.  taiwrinir  ix»>»terior!y:  t«H'  two-tliinls  tlie  lentrth  of  the  lori<-a. 

li^.  A*.  *  Inngutus  Gosst*. 
v't.  I-Wwly  short,  irrejoilar.  s«»mewhat  conical:  toe  Irss  than  half  th»"  !«nirt!i  of  the  lorica '.li.  H.  siiflatun  Grms*' 

1  See  also  A*.  hr(nli»f'iilrttlhi,s  ( i  Ixisx-oTt    ■ 

c*.  Very  small:  bo<ly  truneate  in  front.  LT'iitly  arehrd  «!orsally:  t«M' abmt  the  lentfth  <»f  t  lie  lorica;  su]>- 

htyles  vei-y  ineoiispicuous 'il.  A*.  p»'x///«j<  LauterlM)rn. 

cC.  Body  oval,  much  larger  than  in  the  last:  t<H'  a)»out  t!ie  h-niftli  <»f  the  lorica:  substyles  easily  se<'n. 

i<.  R.  ntttujt  MUlIer. 

Y.  C.  }i.  lt*ai!— 2U 
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DESCRIPTIONS  OF  GENERA  AND  SPECIES. 

I.  DXTTKELLA  Bory  de  St.  Vincent. 

Generic  charncters. — Two  toes,  either  equal,  or  the  shorter  more  than  one- third  the  length  of 
the  longer.  The  longer  t(je  1(»S8  than  one-half  the  length  of  the  lK>dy.  Body  nearly  cylindrical; 
curved  or  twisted. 

A.    DESCRIPTIONS   OF   THE   SpECIKS  STUDIED   BY    THE  AUTHOR. 

1.  Diurella  tigrris  Miiller  (pi.  i,  figs.  1-0). 

Synonyms:  THchtHla  tifirin  Mtiller  ( l7H({i;  Sttlnmmatn  tiffris,  Ehr»»n]KTK  ( 1**^,  1K{8);  Hetenn/fuithuM  macrocUtctifhut 
Schmarda  (lH5li);  Monommata  ti{/ris,  Barts4*li  ( 1>C0»:  Hottvlvs  titjrix.  Hndsou  &  (l<»SHf  (ISH1»>. 

Di'sfingnishing  chnntctvr.H. — This  sjiecies  may  Ix*  known  l»y  the  two  ecjual  toes  (fig.  <5),  the 
single  tooth  at  the  dorsal  ant«*rior  edge  of  th«*  loriea,  and  the  lu'arly  cylindrical  curved  Ixxly.  It 
has  a  striking  resemblance  to  D.  trim  tor  (tossc.  from  which  it  is  distinguishtMl  by  the  equality  of 
the  two  toes.  It  differs  also  in  th(j  usually  great^T  size,  tlie  som»'wliat  greater  j)romineiice  of  the 
ridge,  and  the  slightly  greater  slenderness  and  distinctness  of  the  foot. 

External  f<'(itnn'fi. — The  l)o<ly  is  elongated  and  curved.  ap]K'aring  to  \n^  cylindrical,  in  a 
cursory  \iew.  Rtmlly  the  ImkU*  rises  to  a  ridge  on  the  right  sid(\  so  that  in  sc»t^tion  it  lias  the  form 
shown  in  fig.  5.  Preserved  s|wcimens  usually  lie.  owing  to  the  f<>rm  of  the  Ixxly.  in  such  a  position 
that  the  ridge  does  not  ajiiH'ar  in  profile,  hence  it  is  very  easily  ov(?rl<M)kcd;  in  living  Hi>e<dmens  it 
is  more  (jonspicuous. 

The  head-sheath  is  rather  distinctly  set  off  from  the  remainder  of  the  lorica  by  a  constrit^tion. 
It  is  marked  by  nine  longitudinal  plaits  (fig.  ',)),  at  which  the  h«*ad-sheath  folds  when  the  hea<l  is 
withdrawn,  thus  closing  the  anterior  ()i)ening  completely  (fig.  4).  On  th«'  right  side  the  anterior 
edge  bears  a  single  prominent  tooth. 

The  ridge  (fig.  1)  Ix'gins  as  a  bju'kward  prolongation  from  thelwiseof  the  tooth.  It  extends 
backward  and  to  the  lf»ft.  scheming  t<)  have  a  slightly  spiral  course,  and  reiiching  almost  to  the  foot. 
Along  its  left  side  are  transverse  striations.  similar  to  thos(»  so  j)rominent  in  many  sjwcies  of 
Riittuliis,  but  less  conspicuous. 

The  degree  of  development  of  the  ridge  varies  greatly  in  preserved  specimens.  In  some  it  can 
scarcely  be  seen  at  all.  In  others  it  is  visible  in  the  anterior  part  of  tin?  l)o<ly,  but  seems  t<j  extend 
only  half  the  length  of  the  lorica  or  less.  These  differences  are  perhaps  due  only  to  ojiticiil  diffi- 
culties resulting  from  the  iM)sition  of  the  spetimen.  but  I  am  inclined  to  Itelieve  that  there  are 
really  such  differences  in  the  development  of  the  ridgt^  in  different  s])ecimens.  Thi's<}  <liffen*nce8 
are  i)erhaps  functional.  dei)ending  upon  tlit;  degree  of  contraction  of  the  animal  (s<'e  the  general 
account  of  the  striated  area.  p.  281 ).  In  vi(?w  of  these  facts  the  size  and  length  of  tluj  ridge  can  not 
be  considered  a  distinguishing  chanu'ter  in  this  sjH»cies. 

As  a  whole,  the  lK)dy  may  be  seen  to  form  a  st^gment  of  a  spiral,  a  spiral  that  is  further  accen- 
tuated by  the  positi<m  of  the  toes  (7.  v.). 

Corona. — The  corcma  bears  a  single  club-shaped  frontal  ])r(H*ess:  its  other  features  have  not 
been  studied  especially. 

Anteniuv, — The  dorsal  antenna  (fig.  1 ,  </.  a. )  lies  just  to  the  left  of  the  ridge,  a  very  litth;  behind 
the  constriction  separating  off  the  head-sheath.  The  lat«^ral  antenna*  are  in  the  usual  i)08ition,  on 
the  i)08terior  third  of  the  body  (fig.  1). 

Foot, — The  toiyt  is  rather  slender  and  shari)ly  set  off  from  the  body.  The  joint  betwet»n  tlie 
foot  and  iKxly  ajjpears  to  lie  in  a  transverse  jdane,  without  the  as\nnnu»try  w^hich  is  so  marked  in 
many  of  the  species  of  Kattulns, 

Toett  (fig.  C). — The  two  e([ual  toes  are  stout,  curved  rods,  alxjut  one- third  the  length  of  the 
body.  They  are  attached  to  the  foot  in  such  a  way  that  the  base  of  tlu>  right  to<^  lies  above  that  of 
the  left,  and  the  concavity  of  the  toes  faces  to  the  right  (fig.  1).  Wlu'u  the  toes  bend  (at  their 
attiurhment),  they  l)end  to  the  right.  Each  t(M*  has  at  its  base  a  imml)er  (at  least  four)  of  short, 
Bhari>  spines  or  substyles  (fig.  G).  At  the  base  of  each  toe  opens  one  of  the  two  mucus  reservoirs 
(fig.  6,  m.  r.). 
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Infernal  orgaux. — The  eye  lies  at  the  jnisterior  einl  of  the  hrain  ami  appears  in  «lc»rsal  view  to 
the  left  of  the  ri<lge  (fi^.  1.  '" -^  Th»'  two  mn«;us  r»»servoirs  are  of  e^jnal  size,  and  each  opens  sepa- 
rately at  the  ]>ase  of  one  t>f  the  t«x'>.  The  tropin  art*  wt-ll  tlevfloiM-<l.  ami  in  this  si)eiies  their 
asymmetry  rea<hes  i>erhai»s  its  hij^hrst  (levelo])nient.  The  left  mannbriniu  is  long  and  heavj-;  the 
right  one  a  niHre  mdiment— a  sh«>rt.  slender  s[)ienle  «  fiir.  *  i.  Tlie  «»ther  internal  organs  call  for  no 
s])eiial  remark. 

MmsnniiH  nts.  Length  of  l^xly,  O.IT.")  to  *K2'2't  umi.:  of  t«H>.  n.or»o  to  0.07.")  mm.:  total.  0.->*2.'»  to 
o.:^)0  mm. 

Mnrcinttifs. — For  an  ae<onnt  of  the  niovenient>  of  tliis  siK-<-ies.  s*t»  the  general  di.«'nssion  of  the 
movements  of  the  RnffnUilit .  p.  21»5. 

Ilistorif. — In  the  systeniatir  and  faunisrie  literature  this  sjn^eies  has  long  K^en  eonfn.«*ed  in  a 

ver>' eurions  way  with  an«»ther  t<»  whieh  it  l»*ars  v«-ry  little  re>emhlan<»*.  namely,  with  DinrvUa 

jH trcrll ii,s  ijin<i<i'  ( />.  tifjn's  B<jry».     Thi>  is  due  to  th«*  fart  that  lM»th  nveived  the  name //7/-/.S,  one 

from  Mailer,  the  other  from  B<>ry  de  St.  Vinr»-nt.  and  they  hav«-  often  sim**-  In-en  snpi^oseil  to  lie 

identical.     Ehrenlierg  (1^:»ni   c«aifu-«e«l    the   two,  eiting   R-ry's    I),   titfris  as   a   synon^^n  of  his 

yutomtitafa  fi'ifrifi.     Cfosse,  in  Hud>on  tV  (Jossi-s  Monograph  1  l^^h.  tl»'s<ril>i*s  the  present  animal 

as  RiittuliiM  fhjri.s.  hut  notes  in  a  rather  iKT]>lexed  way  that  E<'k>tein'>  aeconnt  <  1nx:^»  of  the  animal 

does  not  agree  with  his  own.     E<kstein  had  tlescrilnMl  under  thi'^  name  Bory's  sjiecit^s  {Piurrila 

jHjrcetius  GosstM.     Bilfinger  ( \><\*A,  p.  "d  •  s<^'eni>  to  have  W'en  the  fir>t  to  set  forth  clearly  the  fa<*t 

that  Ehrenlx^rg's  Stttnunmitn  titjris  and  Borys  Ihnn  lln  tnjris  are  twt»  di>tin(t  animals.    Attention 

has  lieen  <\'ille<l  to  the  .*<mie  fact  l»y  WeU^r  ;  1^'.»^.  p.  .~»!:^>  and  i»r«»l«ibly  by  «»thers.     It  will  be  well 

to  give  here  a  li.*;t  <»f  the  animals  mentioned  by  ilitferent  authors  undt^r  the  siHvific  name  fi^i;? 

(assigne<l  to  vari«»us  genera).  si>e<'ifying  in  eaih  ca>«'  which  of  th*^  two  animals.  DiurvUa  tigrh 

Muller  or  D.  jHtn-eUiis  (iosse,  was  n-ally  meant,  so  Tar  as  that  can  l»e  detemiineil. 

Trirhofin  tiijri.'i  MGller  <  17*<>    ^ItnTrUn  tinri<*  MiilU-r. 

Diurelia  ti'jri.*  B«»ry  d*.*  St.  Viu«-»'nt  <  \^2\       /'.  ;».*<•«•  Uua  <ioss<>. 

Xntomniotn  //;//-/.««.  Ehreiib^TfT  .  Kti.  ISfr       /».  tuiri*  MulltT. 

\t»t4HHtiiatn  th/rts,  Perty  •  l>vi2       /».  tnir,.<  MfllhT. 

Xittonnimta  tnjris.  Prit«"haril  •  l**"il  •     /'.  1iuri>  Muller. 

Mtmntnunttn  tojiiit,  harXi^'h  >\^lt*.  l^^TT       /».  tn/rtt  Muller. 

Pinnlhi  /if/rix,  E«'kM»Mn    IvCi       I>.  jure »  Hut  ihra^^. 

/">.  fif/ri.'«.  Herri«"k    Ivm       /»  y«»r»» //•/'c  (f.^vse. 

P.  titjrift.  Eyft-rth  •  1n«n."ii.— The  rtkrur**  s«fm*i  t»i  rv]ir»>v»*nT  /».  tnjii.'*  Miiller.  >>ut  \h*^  d»~i*Tii>ti»»n  aiipli^^  l»«*t  to  h.  fmtr- 

l».  tt'ifrifi.  Plate  •  l.v*><      /».  jntrr*  Ihi.s  H,,-^' 

Ik  ti'jrif.  Bl<M'hniauu  <  l.v<»;.  ^/;  ^,.,,»,  Itu.-,  G«r^s4v 

Avauthttft'ti  tfflu.t  titjn'<.  T»*st«iii  ■  1n*«»»       /*  ^»«»/c.  //»#*  (i'ls.^^'. 

KattuhiM  ti'/ri''.  Hn«l«<«»n  A:  (t«»^>**«  ■  Iv*'.*      /*.  ti(/ri.s  MulltT." 

Rattulu-s  ti'jri^.  WUTZt'j^ki    1*»U!'     /'  /^.»<  .//»*.<  (f-»-N—'    *  . 

KattulvM  tiijr,.<.  Lvvau«i»  r    I'^'M      /'.  ji»nr,lhi<  (i..^-**-. 

Knttulns  tii/ii''.  H«»*nl  •  I'-ilCi       /*.  tujrts  Mull»T. 

Rnttuhi.'*  tiijris.  S«-«»rik«'W    ls«.»;..     The  »l»-x'ri]»ti«»ii  «l"»^  ii'»t  ain^'**  with  •'ith»'r  «»f  tli»*  siHii***.  nn«l»'r  ••«ni«^ider»ti«»n. 

KnttuhiA  ti^fiiit.  SteiinH»s  .!>*»»  1     />.  ^//l■/^  Miillrr. 

Rnttuhis  tifjriji.  J»-nninfr^    l'.«»».  l'.«»l  ■  — />.  ti'fris  Mfill'T. 

Distn'hnfinn. — In  America  li'mnUn  t'njris  Muller  is  very  common  in  aquatic  vegetation  in  the 
(jniet  imrts  of  streams  and  lakes.  I  have  rei-orded  its  pres«*nce  in  the  follow  in  ;r  ItK-alities:  Put-in 
Bay  Harlior  and  E^st  Harlx»r.  Lake  Erie:  Hunm  River  at  Ann  ArlM.r.  Mich.:  Portage  River. Ohio. 
It  has  also  l)een  rei'orde<l  from  Bi4ngi»r.  Me.,  by  "J.  C  S."  « ix^:^>.  and  from  the  neighl>orhoo<l  of 
Cincinnati.  Ohio,  by  Turner  •  l*<t»*.*i.  but  it  is  imi>os<ible  to  ?^iy  in  these  cases  which  of  the  two 
si>ei*ies  that  have  gom*  under  this  name  1  />.  titjris  Muller  or  !>.  fHnrtHits  (tos.<#m  was  meant. 

In  Enroj)e:  England  ((toss**.  ls*<'.^i:  Ireland  <(Tla.>isi;ott.  1*^'.»:?:  Ho«m1.  Isiki);  (iennany.  near 
Tnbingen  (  Bartsi-h.  ix70i,and  in  WurttemKrg  1  Biltini^er.  IMM  .;  Tyr«»l  (  Dal  la  Torre.  l^M*.;  Hun- 
gary <Dart>ch.  1*^77:  Kertesz.  is'>4-:  Lake  Nurmiiarvi.  in  Finland  ■  St«iiro«»s.  1^1**^  >. 

Al.«*o  in  India,  near  Calcutta  <  Anderson.  l*<M»i:  Xew  (xuinea  'Daday.  IWli:  (Vylon  jDaday, 
189S):  Natal.  South  Africa  (Kirkman.  UHM  .. 

"In a  i»r».*vions  j*{ii>er.  •.I»*nninir.«.  ]*.■••■  I  waj»  in<*liii»  <1  :••  Wl  ♦'%!'  that  th»-  aninml  <li*-j<TilKvl  ami  fijfiirod  V»y  G<»^8e 
was  not  tht*  real  .V«;/»»/*i«i«''ii  t.ijr. .si>f  HhrfiiUnr.  "»  iiiir  t«>  th-*  <li^i>r'i]Nirt-.«'naT»'ly  lar^r«*  s:z»^  «if  th**  anterior  end  ir. 
Gkwwe's  tij<rurt».  a.**  well  a.s  to  the  unusual  f«»rni  of  thf  Ir-ly.  But  afr«T  stu»iyiijir  many  >i>e<-ini**ns  of  this  and  other 
Rattulidti-  I  am  i^onTince-i  that  (}t*r«?e*s  fljrun*  i'*  a  iM>»rly  drawn  rt-nrfsi-ntation  ^f  a  mu<-h  coutracte*!  Hpe<*iinen  of 
this  species. 
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2.  Diurella  tenuior  Gossf  fpl.  i,  figs.  7-l(»). 

Synonyms:  Cn  lajms  trtnn'nr  (ln»isi.»  :  Issjh;  Mnyfitfinf  nii  flrrfit('<ui<Uit\is  Hil^rt'ndorf  i  InWi. 

Ih'sfingiti.shing  rhdnirtrrs. — This  sjM'cij's  is  to  In*  known  by  its  t'lonj^atcd  ciirvod  Ixxly,  with  a 
sinj?le  t<.K)th  at  tlit*  ankTior  niarjinn  of  tin-  lt>rifa.  anil  th«*  nnoqual  tiM»s  ij>l.  1,  fig.  0),  tho  right  toe 
iK'ingonly  alwrnt  (»nt*-half  as  long  ns  tli«'  1^'ft  nr  a  littli-  U^ss  than  ont'-half  as  long. 

It  has  much  rt'senihlano-  to  I>.  titfris  Miillor.  fnnn  which  it  differs  in  tin*  iinecpial  toos  and 
in  certain  ot her  charact«'rs  nicnt.ion»'<l  in  th«'  arccmnt  of  tliat  siM'<-irs.  Jt  also  greatly  resembles 
Jidftnlus  ffrnriit's  Tessin.  from  which  it  diflers  in  thr  following  ]»articnhirs:  Th«' iMxly  in  />.  tvn- 
uiorin  regularly  curve<l.  so  that  no  straight  outlines  ap]H>ar.  jis  in  Hdttnlnm  tfnicilis:  the  sin'ond 
toe  is  hwiger  in  ])roj)ortion  to  tin*  main  on**  than  in  h'tift nins  (jnn-iiis,  whiTt^  the  h'sser  ttH^  is  only 
alxmt  one-thiril  the  length  of  th»'  nuiin  tiM*.  wlii]«'  ln-rr  it  is  alMMit  oiu'-half  tin*  length  of  the  latter: 
the  head  is  nmch  less  shar]»ly  si-t  otf  fmm  th«' n'nuiindrr  of  tin*  lorica  than  in  /inftulus  ynirtiis: 
the  t<M»th  is  more  i»ronr>uncerl  and  the  ri<lg»*  l«*ss  pi'ominent  than  in  the  last-naiiMnl  si>ecieH:  the 
f<j<»t  is  sliorter  and  les.s  liromim-nt  than  in  iifittnlns  t/niriiis. 

hhinUti  ft  niiior  (ioss(»  als(»  has  a  striking  rt's«*mManre  to  Diunlhi  insiijuis  Ib'rrick  in  the 
form  and  in  the  t<M*s.  but  th*-  latttT  .siM*cies  has  two  t<'eth  at  th«'  antt'rit»r  edge  of  tla^  lori<"a  in 
j)la<*e  of  one.  is  much  larg^-r.  and  thrr**  an*  <»ther  dit!'«*ri'ncf>  in  details. 

Tliis  sjM.'cies  is  related,  finally,  tt)  !>.  inftrnmlin  Stenr«M)>,  lait  /'.  trnnitn-  is  UMially  much  larger 
than  I),  ifitrntirttiu  iiiu\  is  longer  in  proportion  t<>  itsdiamet«'r.  Tlie  two  diff«*r  esinirially.  however, 
in  the  t<)es.  those  of  />.  inh  rnntiin  bring  etjual. 

h\rtrrnttl  fmiuns. — Th«'  Imdv  is  long  and  <'vlindri<'al.  much  as  in  !).  tinris  Miiller.  Then*  is 
a  low  oblicjue  ridge  on  th«*  right-hand  side,  passing  backward  from  th«*pi»int  nf  origin  at  the  ante- 
rior t(K)th  to  alxmt  th»'  middh*  of  the  Imjrtli  r)f  rh«'  l«»rifa.  Tliis  is  striatrd  transv«*rs»dy.  iis  in  other 
s])Ocies.  The  head-sheatli  is  mark«Ml  off  frinri  tin-  n-maindrr  nf  th**  hn'ira  by  a  sliglit  ctmstriction. 
It  has  longitudinal  folds  snmcwlutt  .-similar  tn  Uios*'  of  /;.  fit/rls  Mulh-r.  though  p«Thaj)s  liardly 
8<.i  i)romincnt :  by  these  the  aiiteri«ir  »»]»eiiini^  «»f  tlie  l(»rica  <an  Im- nearly  cIosimI  when  the  head  is 
withdrawn.  On  the  dor<f»-de.\iral  i)art  nf  the  anterior  margin  tluTe  is  a  tonth.  iKThaps  hardly  so 
])rominent  as  tliat  of  P.  lifjris  Miillei .  l)nt  ratlwr  luure  priinoun<*eil  than  in  Utittuhis  ijnfriUs  Tessin. 

The  corona  has  not  Ihm'u  esjiecially  studied. 

Aitttuiuv.  —  Thy^  dors;il  antenna  (tii^s.  7.>^)  lies  in  the  usual  ])08iti<»n,  a  little  to  the  left  of  the 
ridge.  The  right  lateral  antenna  ha<  th«'  usual  position  mu  tlie  jM»sti'rior  thir»l  «»f  the  iMwly  (fig.  S). 
The  left  htteral  antenna  I  have  not  seen. 

/•'oo/.-- Rather  brnadly  conical,  imt  so  shar]»ly  set  ofi!  from  the  luriea  as  in  />.  tiijris  Miiller. 

Titi a  (fig.  1»).  The  two  t(M's  an»  uneipial  in  size,  the  right  toe  iM-ing  about  halt,  or  a  little  le.ss 
than  half,  tin*  leni^th  of  the  left  t<M'.  Tlie  main  ileft)  toi-  is  ji  (iirveil.  pointed  nnl,  alx»ut  half  t  Ik; 
length  of  tin.'  lorica.  The  right  toe  is  mneli  niijre  slencler  .md  i--  sn  cnrvi'd  tliat  its  tii»  usually  lies 
against  the  main  t<H'  at  alnnit  the  mi<ldle  of  the  length  of  the  lail'-r.  The  right  tiK^  seems  to  In'.as 
a  nUe.  a  triHe  less  tlian  half  tlie  li'ugth  of  the  main  l«>e.  This  species,  in  its  techniial  chanicters.  is 
oii  the  lioumlarv  line  between  linttnlns  and  hinnlhi,  ami  is  a^<  <los»'lv  relate<l  to  liuttnlus  itnicifiH 
Tessin  as  to  any  of  the  species  of  hitmiln. 

Just  Jiutside  the  l>jis<' of  the  main  t«H*  is  a  substyle  wliieh  is  nearly  a **  loni;  as  the  right  t<»e. 
There  is  also  a  minuti*  substyle  just  outsidi*  the  basi*  of  tin*  riuht  toe. 

////e/w/r// /»r(/rr//.s. —These  call  foi*  no  speeial  remail;.  exctpi  in  tlie  ease  of  the  tro]>hi  (tig.  H)). 
The  tropin  are  very  similar  to  thosi*  of  hinnlln  i'tjiis  Miillir  ami  litittnlns  ifnu'Ui.s  Tessin — the 
right  side  iK'ing  very  rudimi*ntary  as  compared  wiili  the  left. 

MrnHitn'im'nts. — Different  specinn-ns  of  \\\\^  species  vary  lAeessively  in  size.  Two  sjHM-inn»ns 
drawn  to  thf*  same  scale  are  shown  in  liu's.  7  and  -s  (pi.  |  j.  The  length  i»f  biMly  varies  from  0. i:C> 
to  ().*il  mm.:  h-ngth  of  t<M»s,  from  u.iJ.Vi  to  n.<»s  nmi.:  total,  from  o.iu  to  n.-jl»  mm. 

///.s/0/7/.— This  spe<'ies  was  first  described  by  (tos.se  in  Hudson  tV  (J osse's  Monogra]»h  (»f  the 
Rotifera  (|ssi»).  Like  many  of  (Josse"s  de.scrijitions.  that  of  this  s])e«'ies  is  inaccurate  in  some 
det^iils.  F»»re.\am]jle,  he  states  that  the  head  i*-tlefended  by  two  i»rtliree  projecting  iM>ints.  WelHT 
(I.S9N)  has  likewise  givin  a  <le.scri]ition  and  ti^^nre  t.f  this  species,  repeatimr  ( Jo.sse's  statement  that 
there  are  thn*e  or  four  ])oints  at  tlie  anterior  e«ige  4if  tin-  lorica.  thougli  his  tigure  shows  Imt 
one.     It  is  prol^jbly  th(«  himritudinal  f'»lds  in  the  head-sheath  that  have  given  rise  to  the  impre-ssion 
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that  there  were  several  teeth.  These,  when  the  liead  is  contraote<l.  often  ^ve  an  appearance  as  of 
prr)j«*cting  teeth,  thoujjh  a  close  examination  reveals  the  incorrectness  of  this. 

Hilgendorf  (1H9H)  (lescril>eil  as  Mtistiffttrrrra  l1frt<K'mi(iatus  n.  sp.  a  rotifer  which,  from  his 
des<^"ription  and  fij^ire,  l>ears  much  resemblance  to  I}iin'vUn  trtininr  Gosse.  Apparently  the  anthor 
himself  concluded  that  the  snx)iK>s*.Hl  n«*w  sf»ecies  was  P.  ft miinr  Gosse.  f<»r  in  my  copy  of  Hilgen- 
dorf's  xwiper  the  name  Masfif/tH-mui  flrrfncamlufns  is  (TosscmI  out  and  "  Cnittftus  /^'////lor'*  stibsti- 
tnte<l.  apparently  by  the  hand  of  th»'  anthor.  Hilgendorf  gives  no  measurements,  his  figures  are 
n<»t  very  detaile<l  and  are  apparently  not  made  with  the  camera,  so  that  it  is  difficult  to  form  an 
independent  judgment  as  to  the  identity  of  the  animal.  It  will  Ik*  In^st.  therefore,  to  atxept  the 
\iew  that  this  was  D.  frtminr  Gosse. 

J>isfn'hufinn. — In  America:  This  s|iecies  is  not  rare  in  the  vegetation  of  lakes  and  streams.  I 
have  found  it  in  the  following  l«H-alities:  old  Cliannel.  between  Round  Lake  and  Pine  Lake.  Char- 
levoix. Mich.;  Put-in  B«ay  Harlwir  and  East  Harl)or.  Lake  Erie:  Long  Point.  Camula.  near  "The 
(*ottages"  :  swamps  on  North.  Mi<hlle.  and  South  Bass  islands  in  Lake  Erie:  Portage  River,  Ohio; 
Huron  River  at  Ann  ArlK»r.  Mich.:  East  Sister  Lake.  Ann  Arl)or.  Mich.:  ditch  in  tamarack  swamp 
region,  near  Ann  ArlK)r.  Mich.  Doubtfully  repirted  by  Kellicott  (IXHX)  from  the  Shiawassee 
River  at  Corunna.  Mich.:  Siinduskv  Bav.  Lake  Erie  (Kellicott.  islKj);  waters  connected  with  the 
Illinois  River  at  Havana,  111.  (Hemix4.  isiis). 

In  Europe:  England  (Gosse.  1hso»:  Ireland  (Glasscott.  Is98):  Gr.  Ploner  S*^. Germany  (Zacha- 
rias.  1H98):  Switzerhmd  (Welx'r.  \><UX):  Bohemia  dVtr.  IMiOk  Hungary  (Kertesz.  1><94). 

Also  in  New  Guinea  (  Daday.  VMH);  Ceylon  <  Daday.  \^US):  New  Zealand  (?)  (Hilgendorf,  l«d8, 
as  Masfigoeerea  fieri m^muUtf us). 

3.  DiureUa  weberi,  n.sp.  ^id.i.  figs.  11-14:  pl.xiii.  fi^.  lHi  and  117). 

Synonym:  Ciplftjnm  pitrrtllns  We>M"r  <  IsU"^!.  in  jmrt. 

Distinvfirt'  cJinntrffrs, — DinnUa  inhvri  is  to  iHMlistingui.shed  from  its  nearest  relative.  DiureUa 
7>/>rcr////.s  Gos.<e.  by  the  single  t<H>th  at  the  anterior  fnlge  of  the  head-sheath,  and  by  the  broad, 
ronndeil  proj*  cting  plate  (s*»e  fig.  14)  at  the  left  side  of  th<'  anterior  oj^'ning — as  well  as  by  the 
high,  thin  ridge.  It  differs  from  hfnnfffi  fknirhf/nm  Gosse  in  the  ])resence  of  the  anterior  tooth 
and  of  the  ridge:  from  I)iiin1Ui  sulmtn  Jennings  in  the  ]>rominent  tooth,  the  ine<iuality  of  the 
toes,  and  the  X)resen<e  of  the  ridgt-:  from  Ifim-tlhi  i/ifrnnrtita  SteiinMis  in  the  unequal  toes  and 
the  presence  of  the  ridge.  Uinnlhi  trnnlnr  Gosse.  which  in  technical  characters  resembles  this,  is 
easilv  distingui.slied  from  it  in  i)ractice  bv  the  hlLrh.  tliin  keel,  the  shorter  V)o<lv.  and  the  shorter, 
oidy  slightly  unerjual  t«»*'S  of  J>inr>  lla  ir»  Ju  ri. 

Ej'ttrunl  frtifuns. — Th^  Ixwlv  is  short,  and  curved  in  the  arc  of  a  circle,  much  as  in  DiureUa 
lyitrrrUnx  Gosse.  thougli  it  is  not  so  thick.  The  ln'ad-<heat]i  is  indistinctly  .^^et  off  from  the  rest  of 
the  lori<a  by  a  slight  constriction:  At  the  anterior  margin  of  the  lorica.  to  the  right  of  the  dorsal 
me<lian  line,  is  a  single  sharjL  prominent  t<M)th.  From  this  t«K)th  there  runs  Ijackward  a  high,  thin 
ridge,  which  is  transversely  .striated  and  extends  alH>ut  two-thirds  the  length  of  the  lorica  (pi.  I, 
fig.  1'2).  This  ridge  is  much  more  ]»rominent  than  t]i»*  ridge  of  Dinnlln  porveUns  Gos.se.  One 
of  the  most  i)eculiar  characteri>tics  of  this  si)ecies  is  the  large.  roundc*<l  j)rojection  from  the  left 
side  of  the  anterior  margin  of  the  lorica.  This  is  esiKH'ially  noticeable  in  a  retracte<l  specimen 
(s<*e  figs.  13  and  14):  but  gives  form  to  the  head  even  in  extended  animals  fs*»e  figs.  12  and  117, 
and  compare  WeV>er  (1H9S).  fig.  2.  pi.  20).  In  retracted  siwcimens  a  immlM^r  of  folds  may  at  times 
Ik*  se^m  in  that  part  of  the  head-sheath  not  formed  by  the  plate  just  mentione<l. 

Citrotia. — The  corona  has  not  lK*en  tlioroughly  studied.     It  bears  a  thick  dorsal  pnx'ess. 

Anfrnntr. — The  dorsal  antenna  li»s  in  the  usual  positi<>n.  to  tlie  left  of  the  ridge.  The  right 
lateral  ant€*nna  is  in  the  usual  i)lace  on  w  »st«*rior  third  of  the  liody:  the  left  lateral  antenna  is  much 
farther  forward,  only  a  little  Ix'hind  middl«*  of  b^xly  and  near  dors;il  >ide  (figs.  14  and  116). 

Fn*/t. — The  foot  is  not  cpiite  .«;o  nearly  inclosed  within  the  lorica  as  in  DinrrJia  porceUus  Gk)6se 
and  is  not  situated  so  far  forward  on  the  ventral  side. 

TntH  (fig.  1 1 ). — The  two  t<M's  are  nearly  equal,  but  the  left  tr>e  is  a  little  longer  than  the  right. 
Pos.sibly  the  difference  in  length  is  a  little  less  in  this  sjMM?ies  than  in  DlnrrUa  parr fU us  Gosse.  The 
length  of  the  main  t/>e  is  al)out  ec^ual  to  the  diameter  of  the  Ixxiy.  Three  or  four  inconspicuous  snb- 
styles  are  found  at  the  base  of  the  toes:  these  are  much  less  conspicuous  than  in  D.  porceUus  GK)68e. 
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Iittvtmd!  orgatis. — The  internal  organs  offer  nothinK  <>f  e8i)ecial  interest.  The  trophi  differ 
from  those  of  D.  pomUus  (losse  in  VM»ing  straighter  and  more  slender  and  in  not  showing  in  side 
view  the  long  transverse  piece  which  makes  the  left  manubrium  so  conspicuously  '*  crutch-shaped  " 
in  the  latter  sjwcies.     (Compare  the  trophi  as  shown  in  figs.  12  and  21.) 

Meaauremeuts. — Length  of  body,  0.09  to  0.12  mm.;  of  toes,  0.03  to  0.04  mm.:  total,  0.12  to 
0.10  mm. 

llistonj. — This  species  wjis  figured  by  Weln^r  (1898,  pi.  20,  figs.  2—4)  sis  Cielopiix  porceibts 
Gosse  (Diurclia  porrvllns  Gosse).  WelxT's  description  confuses  the  two  si)e<ae8;  thus,  the  two 
teeth  at  the  anterior  edge,  mentioned  by  WelKT,  but  not  figured,  iK'long  to  the  real  IJ.  jwrcelluH 
Gosse,  not  to  the  species  which  he  figures.  That  the  figure  rt»presents  the  i)resent  species  is  shown 
by  the  general  form,  the  liigh,  sharp  ridge,  the  single  tooth,  the  form  of  the  trophi,  and  the  exten- 
sicm  of  the  anterior  edge  of  the  lorica  on  the  left  side,  all  ]H)ints  whicli  are  (iharw-^teristic  of  the 
present  species  and  distinguish  it  clearly  from  /).  p(H'ertlns  Gosse. 

DiHtribufiim. — Din  ret  hi  in'l)rri  is  not  very  common.  I  have  recorded  it  from  the  following 
localities:  East  Harl>or,  Lake  Erie:  swamps  on  North  and  South  Bjias  islands  in  Lake  Erie,  and  on 
Presque  Isle  near  Erie,  Pa.:  Huron  River  at  Ann  Arlx)r.  Mich.:  a  ditt^h  in  the  tamarack  swamp 
region,  near  Aim  Arln^r.  Mich. 

Weber  (189H)  found  this  spe<'ies  in  the  Botanical  Gardens  at  (i^eneva.  Switzerland,  and  at  St. 
Q^K^rges,  Switzerland.  Mr.  F.  R.  Dixon-Nuttall  informs  me  that  he  finds  it  in  ponds  in  England. 
Mr.  Charles  F.  Rousselet  has  sent  me  a  sketch  of  wliat  is  evidently  this  species,  made  from  speci- 
mens found  in  New  Zealand. 

4.  Diurella  intermedia  Stenr(M>s  (pi.  xiii,  figs.  108-110). 

Syinuiyin:  (Utlojtus  httrniiiiiins  St«*nnic>s  i  iHjtSi. 

Dinthif/nisJn'mj  ctiaracfrr.'i. — Tliis  siMvies  is  to  l)e  distinguished  from  IHnreUa  brnchi/ura  GoBse. 
which  it  much  resembles,  by  the  tiMjtli  at  the  dorsjil  anterior  c^lge  of  the  lorica,  and  l)y  the  equal 
toes.  From  I),  ireberi.  with  whicli  it  agrees  in  the  singl*^  tooth,  it  differs  in  tlu*  absence  of  the 
conspicuous  ridge  and  in  the  ecpiality  of  the  toes.  From  />.  juhtHIhs  (rosse  it  differs  in  having 
but  a  single  t(H)th  at  the  anterior  edge.  From  I>.  siitmtii  Jennings,  finally,  it  differs  markedly  in 
the  absence  of  th<»  furrows  suirounding  the  lH)dy  alnrnt  the  middle. 

tJ.rfrnifil  fraturts. — Th(»  Innly  is  nearly  cylindrical,  not  so  sliort  as  in  />.  pomUns  Gosse,  and 
curved.  XJie  hejvl-sh(»ath  is  set  off  by  a  slight  constriction  from  the  remainder  of  the  lorica.  It 
has  nine  longitudinal  jdaits  for  folding  when  the  liead  is  withdrawn.  At  the  dorsal  edge,  a  little 
to  the  right  of  the  median  line,  is  a  single  well-marked  t(K)th. 

The  lorica  l)ears  no  distinct  ridge,  though  a  faintly  striat^^l  area,  in  some  cases  ap^iarently 
a  little  depressed,  extemls  backward  from  th<^  l)a.se  of  tlie  tooth  alnrnt  Imlf  the  length  of  the  body. 

(■oromi. — Coronaof  usual  character.     It  bearsasingle  shar])  dorsal  i)r<Hx»ss  (pi.  xiil.  fig.  108). 

Avtrnnff. — The  dorsjil  antenna  lies  a  little  in  front  of  the  constriction  which  sejMirates  the 
liead-sheath  from  the  rest  of  the  lorica.  The  right  lateral  ant«*inia  lies  in  the  usual  i)osition  on  the 
postc»rior  one-fourth  of  the  Ixwly.     The  left  lateral  antenna  I  have  not  finind. 

t\H>t. — Very  short,  not  pushed  so  far  forward  on  v(»ntral  sid(»  as  in  I>.  porcrlluM  Gosse. 

Toes  (x)l.  XIII,  fig.  110). — The  two  t(H?s  are  equal,  or  so  nearly  .so  that  one  can  not  1k^  certain  of 
a  difference  in  length.  Tliere  an^  two  sul)styles.  one  a  little  longer  than  the  other,  each  more  than 
half  the  length  of  the  main  t<K*s. 

Intcrtiai  o/yans. — The  trophi  have  not  U'eii  minutely  studied.  Their  general  ajipearance  is 
shown  in  i>l.  xiii,  fig.  lOX.  The  gastric  glands  are  very  small  and  fastened  to  tlie  stomach  only  by 
slender,  thre^id-like  ducts.     The  otlier  internal  organs  call  for  no  sjiecial  remark. 

Measureiiumts. — Total  length,  alnrnt  (M-i  to  0. Hi  mm.;  toes,  about  y)AY,\  to  0.04  mm. 

Historff. — This  s]HH-ies  was  rtn-ently  descrilK'd  by  Stenroos  ( 189S).  I  have  found  Imt  a  few 
siKH'imens.  and  most  of  our  det^iiled  knowledge  of  the  animal  is  «lerived  from  the  notes  and  figures 
of  Mr.  F.  R.  Dixon-Xuttiill,  whicli  he  lias  with  great  kiiulness  placed  at  my  disposiil.  His  figures 
are  reproduced  in  figs.  108  and  1 10. 

Distribution. — I  liave  fouiid  only  a  few  si)ecimens.  from  the  Huron  River  at  Ann  ArlK)r,  Mich. 
Stenroos  (1898)  found  the  animal  in  Lake  Nurmijiirvi,  Finland.  Mr.  Dixon-Nuttall  informs  me 
that  examples  have  often  l>een  sent  him  from  Dundee,  Scotland,  by  Mr.  John  Hood. 
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5.  Diurella  insignis  Herrick  (I880)  (pi.  n.  figs.  l.ViS). 

Disfiitctirf  <7//i/viW#'/-.s.— This  .si)eoies may  l)e  kiiowii  by  the  long,  slender,  curved  body;  the  two 
slightly  imeiinal  teeth  at  the  anteri«»r  margin  of  tlie  lorica,  and  the  two  unequal  toes,  the  longer 
one  (in  atlults)  a  little  less  than  one-lialf  the  length  of  the  lorica.  It  shows  much  resemblance  to 
DinreUd  tennior  Gosse.  but  is  distinguishe<l  from  it  by  the  iH)ssession  of  two  teeth  at  tlie  anterior 
margin  and  by  the  more  elongatetl  form.     The  toes  are  almost  identical  in  the  two  si)ecie8. 

E.rttrtfal  fentnn.^. — The  Ixxly  is  more  elongated  and  slender  than  in  any  other  species  with 
which  I  am  acquainte<l.  and  is  gently  curved.  It  tapers  slightly  from  a  ix)int  not  far  from  the 
anterior  end  to  the  fo<)t.  The  anterior  j^ortion  of  the  lorica.  the  hea<l-sheath.  is  set  off  from  the 
remainder  by  a  constriction,  antl  is  provided  with  a  number  of  longitudinal  plaits  at  which  folding 
takes  pla<-e  when  the  head  is  retracted.  At  its  anterior  edge,  a  little  to  the  right  of  the  dorsal  line, 
it  b»*ars  two  teeth.  These  are  of  unecjual  siz»-.  the  right  one  Inking  considerably  the  longer.  The 
length  of  this  right  t<x>th  varies  consi<lerably  in  different  si>ecimens:  it  seems  to  he  esi)eciaUy  prom- 
inent in  young  sjiecimens  (])1.  11.  fig.  !><».  The  two  teeth  are  s«.»i)arated  by  a  considerable  interval. 
The  left  tooth  is  small  and  is  very  easily  overlooked.  es|M?cially  when  the  corona  is  extended,  so  that 
sj)e(nmens  of  this  si)ecies  are  likely  to  he  thought  to  have  only  a  single  tooth  if  a  careful  examina- 
tion is  not  made. 

From  the  teeth  a  low  ridge  extends  backward,  having  its  edge  to  the  right,  even  with  the 
right  tooth,  and  sloping  gradually  to  the  left.  The  ridge  is  very  inconsi)icuous  and  easily  over- 
l(K)ked.  It  extends  backward  for  three-fourths  of  the  length  of  the  lorica  and  is  marked  as  nsnal 
by  transverse  striations. 

Cnrnna. — The  corona  is  of  the  usual  character,  having  two  marginal  curves  of  cilia  and  two 
about  the  mouth.  There  is  a  short,  thick.  dor>al  pr«Kess.  and  two  lateral  projections  bearing  cilia 
(as  in  Diurella  sfylata  Eyferth.  pi.  111.  fig.  -H  ):  other  i)r<Kesses  I  have  not  seen. 

Aiifriuup. — Tlie  dorsal  and  left  lateral  antenuip  I  have  not  been  able  to  find  in  this  species; 
the  right  lateral  anteima  is  in  the  usual  i>osition  on  the  iK)sterior  fourth  of  the  body  (pi.  ii.fig.  16). 

Foot. — The  fof)t  is  of  the  usual  short  conical  form,  oblifiuely  atta<.'hed  to  the  lorica,  so  that  it 
may  turn  to  ihe  right,  but  not  to  the  left. 

Tot'ft. — The  toes  (fig.  17)  are  almost  identical  with  thos4M>f  Diunllo  /</* ///>>/•  Gosse,  .save  that 
they  are  longer.  The  l»-ft  tof*  in  an  adult  animal  <pl.  11.  figs.  1.")  and  10)  is  a  little  less  than  one- 
half  the  length  of  the  IxmIv.  while  in  a  young  sjHMinien  <fig.  IX)  it  is  considerably  more  than 
one-half  the  length  of  the  IhmIv.  Tlu'  right  toe  is  <»ne-half  the  h-ngth  of  the  main  t<^,  or  a  little 
less.  Ju.st  outside  the  base  of  the  main  'left  1  t<>e  there  is  a  substyle.  which  is  one-half  the  length 
of  the  right  t<H*.     At  th»'  l»ase  of  tli«*  right  to<'  there  i<  a  niinute.  rudimentary  sub.style. 

Intmml  onfoiis. — The  trophi  (si'e  fig.  1"*  •  an-  very  un>ynimetrical.  as  in  hiiinllo  tigris  Muller 
and  f).  fen  n (or  (xifsse.  Tlie  riicht  malleus  is  v»*ry  small  and  slender,  thongh  |)erhaps  not  quite  so 
much  re<luce<l  ;is  in  the  two  si>ecies  last  mentioned.  The  single  eye  is  attache<l  to  the  brain  near 
its  iM)sterior  end:  in  a  <lorsal  view  it  lies  considerably  to  the  left  of  the  ridge  or  striated  area  on 
the  lori<*a  (fij;.  10 1.     The  other  internal  orirans  call  for  no  s|>ecial  remark. 

Measttrrinrnts. — Total  length.  o.^'J  to  o.;J7  mm.:  main  toe.  U. lo  to  n.l2  mm.:  shorter  toe,  about 
0.()."i  mm. 

flistorff. — This  sp«»cies  was  descrilKvl  by  Henick  in  \xx'y.  Herrick's  description  was  brief  and 
his  figure  extraordinarily  p<M)r.  and  as  the  sinn-ies  has  not  hitherto  been  found  again,  it  has  usually 
lK*en  relegattnl  to  the  limlio  of  *' doubtful  s])ecies."  But  Herrick's  <les<*ription  fits  very  well  the 
.sp^K'imens  whi<*h  I  have,  while  his  figure  looks  as  if  it  had  Ix'en  drawn  fnmi  memc)rj'.  The 
animal  has  not  again  Ikm^u  mentioned  Miice  Herrick's  piiper. 

Disfrihiifi'on. — Herrick  found  hiunlUi  insitjniH  in  Minnesota.  I  have  found  it  to  l)e  rather 
rare,  but  somewhat  widely  distribut<Ml  amid  the  vegetation  of  lakes.  j>onds.  and  streams.  My 
records  show  it  to  have  l)een  observed  in  the  following  hnalities:  Put-in  Biiv  Harlx^r  and  Elast 
HarlK)r.  Lake  Erie;  inlet  on  Starve  Lsland,  close  to  S^mth  Bass  I.-iland.  in  Lake  Erie;  swamp  on 
Pre.s<iue  Isle  near  Erie.  Pa.:  Ea.st  Sister  Lake  near  Ann  Arlx)r,  Mich. 

This  si)ecies  has  not  been  found  in  Europe. 
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6.  Diurella  porcelluB  G()ss<^  (])1.  ii,  Iiks.  It»-*J:?). 

SynoiiyiiiM:   Ohmlhi  litjris  Wt^ry  di*  St.  Viin*i'nt  ils24>;  Mmnu'*  rra  ),nmUu/<  OtiKKi'  ilSTil);  Aranthipfint'tyhM  tiyru 

Distiitvtirv  rharnrtrrs. — Tliis  spiTi't's  is  to  l»o  known  by  tin*  short.  ]>luiiii).  nirvcHl  iMnly:  by  the 
two  tiM's.  one  .'i  litth*  huiK<T  than  tin*  nthiT.  nsiuilly  k<'])t  fohh*<l  lM*iu*Hth  tho  btwly.  and  eHjiecially 
by  th<'  two  teeth  at  t]ie  anterior  marj^in  of  the  h)rica  on  the  dorsiil  side.  From  all  the  other 
closely  rehited  siH»cirs  it  differs  in  th<'  ])resence  of  these  two  teeth,  the  others  having  one  or  none. 

H.rftrnni  frtifiirrs. — Tho  ImmIv  is  short  and  thi<k.  and  stron;;ly  cnrvHl.  so  that  tht^  Irack  forms 
an  are  of  a  rather  small  eircle.  Tlie  j)osterii>r  end  is  broad  and  ronnded.  the  o])enin^  for  the  foot 
l)eing  on  the  ventral  surfaee.  The  head--heath  is  marked  t>ff  from  the  remainder  of  the  lorieaby  a 
sli^^ht  constrict  ion:  it  bears  at  its  anterior  mar;inii.  a  little  to  th«*  ri;rht  (jf  the  middle  line,  two  t<»eth, 
wliich  are  very  similar  to  those  of  hhinUn  insiffm's  Ib-rrick.  The  in>;ht  «>neof  thest'is  the  longer, 
and  is  se^Mirated  fn»m  tin*  left  by  a  slijrht  interval.  Ventrally  the  anterior  mar^n  has  a  broad, 
shalhnv  notch.  When  the  lorica  is  strongly  c-ontract<'d  tin*  two  sides  of  this  not4*h  proj^ft  an  two 
decided  ])oints.  one  of  whi<'h  is  si'rn  in  fiK-  -".  The.se  two  points  mijrht  1k'  calle<l  tet»th.  and  thiH 
animal  is  therefon-  sometimes  said  to  have  fonr  anterior  t«M»th.  two  (hirsjd  and  two  ventral.  These 
two  ventral  te(»th,  dne  to  the  foldim;  of  th«'  head-shrath.  are  of  a  dilTerent  <'haracter  from  thedorsal 
ones,  however,  and  are  not  to  be  noti<'ed  when  the  head  is  fnlly  »*xt«'nded. 

Extending  backward  from  the  lar^^rr  ont^  of  tin*  two  d<»rsal  teeth  is  a  ridge,  havinjf  its  edge 
dirtM'ted  to  the  right.  It  is  striated  transverst*ly  from  near  its  summit  to  a  line  rt<ime  distance  to  the 
eft  of  it.  Tin*  ridge  is  not  jmnninent.  antl  in  som«*  sjH'cinn*ns  tln-re  is  a  decided  dt^pression  just  U* 
the  left  of  the  ridg<*.  so  that  the  ridge  a])i>i*ars  m»'rely  Jis  tlu*  edge  of  the  depression.  In  other  cases 
the  bju'k  seems  n«*arly  smooth,  only  tln^  striaterl  an*a  iM'ing  visilde.  with  iM*rhaps  a  marked  line 
at  its  right  edge.  These  dilfen-nres  are  ])robably  functional  changes  dm»  to  the  var\ing  states  of 
contraction  of  the  sjM'cimcns.  tliongh  1  liav«»  not.  Imm'U  abh*  to  demonstrate  this. 

(Utnmii.  Tin*  corona  has  a  sliort .  me<lian.  club-shajM'd  ])nK'ess.  It  has  not  l»een  fnlly  studie<l 
in  other  resp»'ets. 

Aiift  iiniv. — The  dorsal  ant«*nna  is  jnst  to  tin*  left,  of  the  ridge,  in  the  de]>re.*4stMl  area,  when  the 
dejiression  is  pr«'sent.  It  is  sitnate<l  a  little  behind  the  <"onstriction  which  .s«*ts  off  the  head-sheath. 
Th<»  lateral  antemue  are  in  the  n>nal  ]M»sition  on  the  ])ost«'rior  one-fourth  of  the  Inxly.  tin*  left  one 
somewhat  in  advan<'e  of  the  right. 

Ft  tut. — Tlu*  f<K»t  is  v(*rv  small  and  parti  v  inclosed  within  the  lorica. 

7'or.s'.  -  Ther«'  are  two  nneciual  tfw^s.  the  left  one  Inking  alnnit  e<pial  in  length  to  the  diameter  of 
the  bo«ly.  while  the  right  one  is  a  little  short^T  (fig.  'i:»i.  Kach  of  the  toes  is  a«'com])anied  at  its 
bast*  by  two  substyles,  one  of  tln'm  in  each  case  iM'ing  more  than  half  the  h-ngth  of  th(»  shortiT  toe. 
The  right  t(M*  usually  lies  with  its  tip  against  or  a<ross  the  longer  h*ft  t<H'.  This  gives  an  api>ear- 
an<'e  which  (Josse  (issjh  interpreted  as  In'ing  du«'  to  two  ilat.  sp<K)n-shap«Ml  t<H*s.  the  one  lying 
within  the  other.  The  inner  sides  of  the  two  t«M's  were  sui>]ios«*d  to  Ix*  the  outlines  of  the  smaller 
t<H?:  the  outer  sides  tho.st*  (»f  the  larger  to<*.  On  the  basis  <»f  this  supiMKsed  structure  the  genns 
iUflitiitis  was  founded. 

hitrnnit  nnjmis. — The  tropin  are  unsynimetrical,  though  tin*  right  manubrium  is  not  lacking, 
as  re])r<*sented  by  (loss**  (  Is.m).  It  is  a  very  slend«'r  r<»d.  a  mere  bri.stle,  but  of  the  siime  h'ligth  as 
the  left  manubriunk.  Tin*  latter  is  marketlly  "  erut^-h-shapeil  '*  in  .side  view  (fig.  21 ),  though  this 
is  in»t  in)ticeabl«' in  a  dorsal  or  ventral  view.  The  remainder  of  the  internal  organs  call  for  no 
s])e<-ial  mention. 

Mrtistinturiifs.  -Tjength  of  ImkIv  without  t»M*s.  o.  1 1  to  0.15  mm.:  ttM's  about  O.O.Tj  to  O.OiJ  mm. 

/ J fsfnrff.-  Thin  s]M'<"ies  was  first  descrilu'd  by  liory  de  St.  Vim-ent  in  1H*J-I,  as  Diiirrihi  fitfris. 
Siin*e  tin*  nann*  titjiis  had  been  given  by  Miiller  to  another  s])ecies,  liory's  nann*  can  not  lie 
retaiin*(l  for  this  species.  It  has  Imh'U  us<*d.  however,  by  many  investigators  .since  Hory's  time. 
For  a  list  of  accounts  of  this  animal  under  the  sju'cific  name  tifjn's,  see  the  list  given  in  the  account 
of  hum  Hit  thjris  Miiller.  above,  (tossc  ( \HT)\  )  descrilH*<l  this  animal  as  a  new  s]x*cies.  under  the 
name  Mininnrm  inirctUns:  this  sj)ecific  name  fntn-rllns  is  therefore  the  <*orre<*t  one  t<»  use,  under 
the  acH'epted  rules  <»f  nonn*nclature.  In  llud.soii  &- (T«)s.<e*s  Monograph  (IHSD)  (losse  foundtnl  a 
new  genus,  Cnlnpns.  f«»r  this  and  a  nnmber  of  related  s])ecies.  As  set  forth  in  the  getM*ral  account 
of  the  taxonomy  (p.  oOU).  this  genus  was  founded  on  a  mistiiken  idea  and  was  without  justification. 
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so  that  the  species  niiLst  1m*  reunitecl  with  ftifirella.  Weber  (18^)  has  given  an  extended 
ilesc'ription.  supi>ose<lly  of  tliis  sjiei-ies.  under  G<>srS4;**s  name  C<fUtpun  jxyrcellitJi.  But  rather 
c-nriously.  his  fi^mres  (j>l.  'Jn.  figs.  2  and  :{•  do  nnt  represent  this  sjHvies,  but  afford  an  excellent 
jMcture  of  another  8])e<-ies.  whii-h  I  ha  v^^  oalle^l  I>in  r*  Ihi  tn  Inri  •  q.  v. ) .  This  lias  Imt  one  tooth  in  place 
of  tw»»  at  the  anteri«»r  niarjdn  «»f  tlie  l«»rira.  Welx^r's  descripti* »n  intro<lurt^  t-hanicters  from  both 
the  sx^ecies  concenuHl.  Tin*  two  anterior  dorsiil  t^vtli.  <»f  which  he  s|>eaks  (but  which  he  does  not 
fiirure  \  l>elon;r  to  hinr*  Ihi  fHin-t  //*/x,  Vmt  tlie  hiiili  rid^»*  ]>elon;;s  to  Z).  trrlMri.  Tlie  fact  that  Weber 
had  bef<»re  him  iK  in  In  ri.  imt  [K  jtorr*  llns,  is  j.erhai>s  thf  reason  why  he  could  not  find  the 
prominent  snl>styles  at  tlie  l»aM*  of  the  toes.  a>  r»jiri'sente<l  l»y  Plate  and  <»thers.  for  these  are  much 
less  prominent  in  the  former  >j>e<ies. 

DistrihntinH. — Tliis  >i««*cies  is  one  of  th»'  mo>t  «omm«>ii  amid  the  vegetation  of  swamps,  lakes, 
and  streams.  I  have  reiorde<l  its  jires^nc*-  in  the  following  li«<alitie>:  Lake  St.  Clair:  Lake  Erie 
•  Put-in  Bay  Harl)or.  East  Harlnir.  Li»ng  Point,  Erie  Harlxn.  and  various  other  j>art8  of  Lake 
Erier.  Crooke*!  Lake.  X»- way  go  County,  Mich.:  Old  Oiannel.  Charlevoix.  Mich.:  swami>  on  South 
Bass  Liland  in  Lake  Erie:  jhkiIs  at  Hanover.  X.  H.:  Graveyanl  Pond.  Presijue  Isle,  near  Erie,  Pa.; 
Huron  River  at  Ann  Arli«»r.  Mich.:  dit«h  in  the  tamarack  swamp  region  near  Ann  Arbor,  Mich. 
Other  »)bservers  have  n*<'or«l«-d  it  in  America  as  follows:  Ohio  and  Minnesota  (Herrick,  1885, 
as  Diunlhi  tiifHs):  Shiawass  *e  Riv^r  at  Corunna.  Mich.  «Kellic«»tt.  !'<***';:  Sandusky  Bay.  Lake 
Erie  (Kellicott.  1s<><m:  waters  connei-t*Hl  with  the  Illin«»is  River  at  Havana,  111.  (Hempel.  18^8.) 

AL«o  taken  in  many  ]»arts  of  Euroj)e.  s-nne  of  the  more  characteristic  l<K*aliries  in  Europe  and 
elsewhere  being:  Germany  (Plate,  iwi;.;  commiai  in  England  «Gosse.  issti);  Ireland  (Glaascott, 
1898:  Hoo«l,  IsOoi:  near  BjL-^l.in  Switzerland  «T»rn»-tz.  l^lVJi;  Finland  <  Levander.  ISM.  hs  Rattuius 
tign's:  Stenn»s,  l.*<y><):  near  Kharkow.  Ru>si;i  <Si-orik<»w.  IstMi). 

In  Natal.  South  Africa  (Kirkman,  IIHH). 

7.  DiureUa  stylata  Eyferth  «  1n>)  (pi.  iii.  figs.  •J7-:n). 

Srnonyms:  H^ittuluA  lnr,,rni.-<  W»*<t»Tn     ]!<C\  :    i>rii,fnts  similt.<  Wiorz»*jski    -ISHR"  't'.    Kattulu*  biromis  n.  ap, 
S«i»rik«>w  ilsjiKi;  .l/tixf/f/i**-.  *-.-#i />ir«w«fri.<  Minkif\ri«*z    ItiO  . 

fhatiurtir*'  rfmnnt*  rs.—  This  s]>*-cies  i<  to  !>♦*  known  by  thi'  two  very  slender,  nearly  or  quite 
e<iual  spini's  at  the  dorsiil  e<lire  of  tin*  antt-ri«»r  martrin  of  the  lorica.  by  the  conical  form,  and  by 
the  two  sh«»rt.  unequal  t<K*s.  the  loiitjest  In-inir  little  more  than  one-thinl  the  length  of  the  lorica. 

K.rt*rmil  ftufnns.  The  luxly  is  »longate<l  <onical.  the  thickest  ]H>rtion  l>eing  near  the  anterior 
end  <»r  somewhat  lkii<k  of  the  ant»  rior  I'ud  <  j>l.  m.  fiirs.  *J7  •»«»  .  Then<*e  the  IxKly  ta|x*rs  regularly 
ba4*kward  to  the  Iws^  of  the  X'*^'<.  Tli*-  Iwad-^heath  i^  s«*t  off  frt»m  the  r»-maindfr  of  the  lorica  bv 
one  or  two  mark<*<l  constriction^.  Tli»-  ht-ad-^lwatli  falN  into  many  folds  i  fig.  :»0i.  when  the  head 
is  retnu-te^l.  At  the  anterior  martnn  of  the  ]iea<l-sli»ath.  ai>iM*rently  a  little  to  the  right  of  the 
mi<ldle  line,  are  the  two  Ionic,  sh-nder  s]iin»  s  which  form  the  mo>t  clli4^icteri^tic  features  of  this 
animal.  Tlies^-  spint's  are  n«*arly  equal  in  h-ngth.  thoutrh  in  mo.st  if  not  all  s]»e<-imens  the  right 
one  is  a  trifle  shorter  than  the  left  -a  <onditi«»n  not  found  in  any  other  sjnx'ies  of  the  RattiiJidiP. 
The  length  of  the  sj>in«»s  i>  usually  alumt  f-qnal  to  the  diameter  of  the  lorica  at  its  thickest  point, 
though  then*  is  considerable  variation.  The  spim-s  are  not  abs<ilutely  fixed  in  i»osition.  but  can  be 
l^nt  do\,ni  over  the  corona  for  some  di. -stance  when  the  latter  is  retracte<l.  At  times  one  of  the 
sjnnes  may  cross  the  other  at  it.•^  tip  «fig.  *2>*». 

Extending  l»ackward  from  ejK*h  .<]»ine  is  a  ridire-like  thickening,  the  two  ridges  including 
lietween  them  a  narrow,  transversely  striatfMl  area  (fig.  21* >.  The  entire  area  .seems  a  little 
elevate^l  alcove  the  genend  >urfat-e  of  the  lorica.  the  side  ridges  lieiufi:  a  little  more  elevate<l  than 
the  part  l>**tween  them. 

i'itrnittt  (fig.  :»1  k — The  conina.  in  its  main  features  of  the  usual  character,  consists  of  the  fol- 
lowing jKirts:  ( 1  \  Two  .semicircles  t»f  large  cilia  r:4i.stMl  on  elevations  at  the  sides  of  the  head  (fig. 
81.  a).  In  many  sj>e<"imens  when  alive  there  is  a  jtrominent  red  sjiot  at  the  dorsal  or  inner  ends  of 
these  elevations  (fig  :il.  r.  .k.  ).  alm<ist  as  brightly  re^l  as  the  eye.  cJi  Two  semicindes  of  cilia  on 
slight  elevaticms  at  the  sides  of  the  mouth  •  fig.  'M,  h\.  (8)  A  large,  central  dorsal. fleshy  projec- 
tion (c).  (4)  AlKtve  this  <fig.  *27.  <  »  a  smaller  dorsid  i»roje<-tion.  (.">)  Two  small  short  lobes, 
apparently  crowned  with  cilia,  at  the  sides  land  ventrail )  of  the  c*entral  dorsal  projection  (fig.  31,d)« 
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Antenncp. — The  dorsal  antenna  in  sdtnato<l  in  the  striated  area,  a  little  hat-k  of  the  constriction 
separating  off  the  head- sheath.  The  lateral  antennip  are  remarkably  nnsyininetrical  in  their  x>osi- 
tion,  recalling  the  condition  found  in  Rftttuiiift  riflhi(irit.'us  Imhof.  The  left  lateral  antenna  (fig. 
28,  /.  a.)  is  far  forward,  considerably  in  advance  of  the  middle  of  the  bcxly,  while  the  right  lateral 
antenna  is  far  back,  near  the  base  of  the  foot  (fig.  2h.  r.  a.). 

Foot, — The  foot  is  very  slender,  ironical  in  form,  and  so  attached  to  the  lorica  that  it  may  bend 
to  the  right,  but  not  to  the  left.  In  other  words,  the  posterior  part  of  the  Ixnly  is  constructed  as 
if  it  had  been  twisted  over  to  the  left.  The  iK)8ition  of  the  toes  is  likewise  siicli  as  woiihl  be  explained 
by  such  a  twist. 

Toen, — The  two  toes  lie  very  close  together,  as  a  rule,  so  that  in  a  cursory  examination  they 
might  be  taken  for  one.  They  are  uneiiuiil,  the  right  toe  lieing  a  little  shortt^r  than  the  left.  The 
longest  toe  is  about  one-third  tlie  length  of  the  lorica.  In  corresinrndence  with  the  iH)sition  of  the 
foot,  as  set  forth  above,  the  right  toe  li(?s  with  its  bas*'  alx)ve  the  left,  further  adding  to  the  difficulty 
of  distinguishing  the  two  toes  in  a  dorsal  view.  This  iM)sition  is  sucli  as  w<nild  l>e  attained  by  a 
twist  of  the  posterior  part  of  the  Ixnly  to  the  left,  as  mentioned  in  tlie  acc»>unt  of  the  f<K)t.  At  the 
base  of  the  toes  there  are.  according  to  Western  ( 1894 ) .  th^€^e  small  substyles;  these  I  have  not  l)een 
able  to  see. 

Internal  organs. — The  brain  is  immensely  enlargcnl,  in  some  si)ecimens  extending  farther 
backward  than  the  middle  of  the  Ixxly  and* taking  up  a  large  share  of  the  sjjact?  within  the  lorica 
(see  fig.  27,  br.).  In  such  crises  the  brain  can  Ik»  seen  to  In*  made  up  of  large  cells,  the  outlines  of 
which  can  be  clearly  trac(»d  (see  the  figur<»  just  referred  to).  If  is  ])ossible  that  this  immense  size 
is  a  transitory  condition,  not  always  ])resent.  The  <'ye  is  att^U'hed  to  the  dorsal  surface  of  the 
brain,  in  front  of  the  middle  of  the  latter.  In  a  dorsal  view  the  eye  underlies  the  thitikening  or 
ridge  which  runs  bai'kward  from  tlie  base  of  the  left  anterior  s])ine  (fig.  2JM.  The  trophi  are  rather 
slender,  and  are  somewhat  unsymmetrical.  th»*  left  manubrium  being  much  l)ettf^r  dt^velojieil  than 
the  right  (fig,  lU).  The  mucus  reservoir  is  divided  longitudinally  into  two  equal  halves,  one  of 
which  oi)ens  at  the  bjise  of  each  t(M'.     The  other  internal  organs  call  for  no  sjMM'ial  remark. 

Measn re nimt a.— Tot H,\  length,  alxnit  0.27.")  niiu.;  length  of  t<H»s.  0.(K">  to  (),<MJ  mm.;  of  anterior 
spines,  O.O:}.")  to  O.O-l.")  mm. 

Movements. — Dinnlla  stijUtta  Eyferth  swims  in  a  rather  wide  si)iral.  in  an  awkward  manner. 
The  animal  ctmtinually  r<»tates  over  to  th»»  riglit  as  it  swims,  and  at  the  sjime  time  it  swerves 
continually  toward  the  side  which  l)ears  tho  spines;  thus  the  spiral  is  pr(Mluce<l. 

When  suddenly  stimulat^'d.  as  by  swimming  against  an  obstach*.  <.)r  by  the  striking  of  some 
other  organism  against  it  Jis  it  swims,  the  animal  usually  n*a<-ts  as  follows:  The  cilia  are  |)artly 
withdrawn  and  tlie  d(»rsiil  spines  are  l)ent  down  a  little  over  the  entrance  to  the  lorica.  If  the 
stimulus  is  very  strong  the  cilia  are  com])letely  retra<*te<l  and  the  animal  remains  (piiet.  If  the 
stimulus  is  not  so  strong  the  <'ilia  are  only  partly  retract4Ml  ami  immtHliately  begin  oiH'rations 
again.  But  now  they  act  in  such  a  way  as  to  turn  the  organism  toward  the  side  which  lK»ars  the 
spines.  The  organism  therefore  swerves  in  the  dirtH'tion  so  indicated.  This  is.  of  course,  the  siune 
direction  in  which  the  swerxing  (K'curs  in  the  usual  movement,  only  after  a  stimulus  the  swerving 
is  more  pronoumred.  so  that  the  entire  course  of  the  animal  is  changed.  For  some  time  after  the 
stimulation  has  occurred  the  swerving  toward  the  sidt^  bearing  the  spines  is  much  more  marked 
than  usual,  so  that  the  path  followed  l>e<*onies  a  much  \vidiT  spiral. 

Historij. — Diurella  stijlata  was  described  by  Eyferth  in  t87H.  This  description  (1S85,  p.  Ill) 
was  not  clear  in  its  account  of  the  anterior  spines,  one  of  which  he  says  arises  from  the  "net^k," 
while  he  seems  t4>  imply  that  the  other  rises  from  the  brain.  The  folds  in  the  anterior  edge  of  the 
lorica  he  <le.scril)ed  as  "  one  or  two  short  spines  "  (»n  the  ventnil  side.  ()ther\vis<'  his  des<*ription  is 
goixl  and  his  figure  is  at  once  recogniziible  as  identical  with  the  organism  I  have  descrilxHl  alM>ve. 
Western  (1891^)  re<les<^rilH*d  this  siKX'ies  as  Rutttiins  /)/<•<>/'// /.v.  In  his  first  description  he  descril>ed 
and  figured  the  two  toes  as  <Hpial  in  length,  a  mistake  which  he  afterward  correcttni  (Western, 
1894,  p.  7).  Si'orikow  (IsiMi)  descrilx^d  this  spe<*i(\s  as  a  new  one;  by  a  rather  curious  coincidence 
he  selecte<l  the  siune  name  ( Rattnlns  hie(trnis)  as  Western  had  d»)iie.  He  also  made  the  same  mis- 
take as  Western  in  describing  and  figuring  the  two  t<H?s  as  etjual.  In  tlu*  same  year  as  W<?8t<»m, 
Wierzejski  (1893)  descril)ed  what  st»eins  to  1h»  tli»»  samt*  s]HM*ies  under  the  name  C<eJo})us  similiH, 
In  Wierzejski's  figurt*  the  two  etiual  anterior  s])iiies  are  shorter  than  usual,  and  the  body  is  thicker 
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and  shorter,  while  the  character  of  the  toes  is  in »t  clearly  shown  (nor  described  in  the  text).  It  is 
l><>ssible.  therefore,  that  Wierzejski's  species  is  not  the  siime  as  Dinnlhi  stylata  Eyferth. 

Hoo<l  1,189."))  ^ves  j<ood  ti/^pires  and  a  d»'scripti<in  of  this  animal  under  the  name  Rattulua 
biroruiH.  Minkiewicz  (11»<m)i  agidu  des<^Til>es  this  si)ecies  as  new.  nnder  the  name  Moat igocerca 
birostn's. 

Diiitrihuf inn.— Thi:i  sj>ecies  is  nut  common,  tlnmirh  it  sometimes  cx-cnrs  in  large  nombers  in 
swampy  ponds.  1  liave  re'nrde<l  its  presen<e  in  the  followinj^:  jdaces:  East  Harbor,  Lake  Erie  (near 
Sandnitky.  Ohio):  pond  near  I'nited  States  tish  hatchery.  Put-in  Bay,  ( )hio:  Portage  River,  Ohio. 

In  Eurojje:  En;;land  <  Western .  1^0:>  ■ :  Ireland  «  Ho<m1.  \^<Xt  i :  Wurttemberg,  Grennany  (Bilfinger, 
lHy2):  bayous  of  the  Rhin^-  <Lauterbom.  1*<0X):  Au>tri;ui  Poland  (Wierzejski,  1893.  as  Ccelopus 
xiinilis):  near  Kharkow,  Ru>sia  (S<orikow.  1^1h>k  Lake  Bologoe.  Russia  (Minkiewicz.  1900). 

8.  Diiirella  rousseleti  Voigt  'pi.  iv,  figs.  :57-:^9». 

Synonym:  C'#/<//»mj«  roj/^.x*-/*// V«iiirt  il'.«il'. 

Distinct ir*'  cJnirnctrrs. — Tills  small  siMM-ies  is  at  once  known  by  the  nine  projecting  points  at 
the  anterior  margin  of  the  lorica,  the  upjMr  right-han<l  one  IHng  a  little  larger  than  the  others. 
The  animal  does  not  rlosely  resemble  other  .s]>ecies  of  DiunlJn:  its  closest  relatives  seem  to  be 
Hattuluit  stijlntns  Goss*^  and  Rtitfnjus  jfusillns  Lant^Tlxim.  But  the  shorter  toe  is  about  half  the 
length  of  the  longer  one.  h»  that  it  is  n»*ce>sar>-  to  jilaee  the  animal  N^itli  the  Diurelhis. 

E.rternal  featnns. — The  .«mall  b«»4ly  is  usually  rather  short  and  thick  (fig.  37).  .slightly  bent, 
and  tai)ering  backward  in  conieal  fasliion  to  th«'  t<H.'s.  Tli»*  proportions  (»f  the  body  vary  consid- 
erably, as  will  l>e  seen  by  c«»mi>ariug  fig.  oT  and  fii;.  .'50.  The  large  head-sheath  is  marked  oflf  from 
the  remainder  of  the  lorica  by  a  slight  constriction.  The  entire  circumference  of  the  head  is  set 
\sith  large  prr»je<'ting  p<>ints  (*r  teeth,  there  l>eing  nine  of  these  in  all.  They  are  S4^>mewhat  larg^er 
on  the  right  side  than  on  the  left.  an<l  th»*  d-rso-dextral  one  is  a  little  larger  than  any  of  the 
others.  Th»*se  teeth  are  formt^l  as  projections  of  the  ])laits  of  the  hea<l-sheath.  and  are  represented 
in  much  less  pronounce^l  form,  as  mere  rounded  i>roje<-tions.  in  >ome  other  s]>e<'ies.  The  larger 
dorso-dextral  t«M)th  evi<lently  corres]»onds  to  the  single  t'M»th  of  hinnilti  tifjris  Miiller  and  other 
singk»-tf>oth«Hl  sjiHci^.'s.  B«'twe<ii  th«^  teeth  tlie  lorica  in  />.  mnssthti  forms  furrcjws  which  are 
flexible.  Thes4*  foM  wlien  the  hca^l  i*^  ^troiiirly  rctracte<l.  sm  tliat  the  tfH'th  are  brought  into  close 
c^mtai't.  Between  the  two  dor-^il  t«*etli  is  a  somewhat  larirr*r  furr«)W,  whi<h  j^asses  l)ackward  to 
the  c<mstriction  which  st-parates  the  lica<l->heath  fr<»m  the  IhmIv.  This  furrow  jH^rhaps  represents 
the  *•  striate<l  area  "of  otlier  s]>e<i.'s. 

Connin. — This  )K*ars.  a<cordin:;  to  VoiLft  .p.*ol'.  a  very  long  central  <lorsal  process,  bent 
ui)ward  and  showing  wavy  lines  on  its  l^wer  >ide. 

.-t ///'/'/«''.— The  dorr<4l  aiiteinia  is  in  tlie  u^ual  iM»>irion  on  the  dor^iil  side,  near  the  constriction 
which  separate-^  otf  the  head->heatli.     The  lateral  antenna*  have  n«»t  )>e*'n  ol><erved. 

Font. — The  f«H»t  is  a  >hort.  conical  structure,  nf  the  u>ual  form. 

JVw.s. — There  are  two  t<Ms  •  fiir.  :»^  •.  tlie  right  one  l>eing  alnnit  one-half  the  length  of  the  left. 
The  two  toes  are  very  close  toirether.  and  tlie  ritrht  one  is  very  slender.  s^>  that  it  is  easily  over- 
looked; the  imi)res.>ion  is  then  received  that  the  animal  has  but  a  single  toe.  The  longer  toe  is 
about  one-third  the  length  of  the  InmIv.  or  a  little  less  than  one-third.  It  is  very  .slightly  curved, 
the  concave  side  of  the  curve  In'ing  dorsiil. 

lutrrnal  niy<iNs. — According  to  Voigt  (ll*<n  >  there  is  a  large  re<l  eye  on  the  i>osterior  end  of 
the  large  brain.     Trophi  large.  uns\'mmetrical. 

Mrfisnrrwrnts. — Length  of  luMly,  (J.ol*."*  mm.:  of  toe.  o.(j3  mm.  Length  of  the  long  anterior 
dorsal  process  of  the  corona,  when  extended,  o.oll*.'*  mm. 

Ilistnrff. — This  >{K*cies  wa<  descrilK'd  V.y  Voigt.  without  a  figure,  in  1*.H)1.  Through  the  kind- 
ness of  Herr  Voigt  I  have  r«*<;'ived  a  (lUiintity  of  material  containing  .specimens  of  the  animal,  and 
have  thus  been  able  to  study  it  at  fir^t  hand.  The  figures  herewith  given  are  the  first  published. 
Fig.  39  is  due  to  Mr.  Dixon-Nuttall:  the  <»thers  1  have  myself  made. 

Distribution. — Not  yet  l)e«'n  f()und  in  Ameri«a.     It  should  1h*  looke<l  for  in  small  ponds. 

In  Europ<*:  Plankton  of  the  Scholi-.Si\  Heiden-S«»e,  and  Schluen-See,  near  Plon.  Qermany 
(Voigt,  1901).     Also  found  in  England. 
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9.  Diurella  sulcata  Jennings  (pi.  ii,  figs.  24-20,  and  pi.  xiii,  figs.  11-3,  11«,  119). 

Synonyms:  RattuluJt  stilraius  Jennintc^  ( IWW);  Ctflnpim  hrnrhiurus  (.'»  or  RutfiUnH  rrf/ptujnm  Bilflng<*r  CISM). 

Dint ingu inking  vharncivra. — This  sjHH-ies  is  tx)  l>e  known  by  tlie  short,  <-nrve<l  IkkIv,  with  two 
prominent  constrictions  iilxmt  it:  by  the  very  short,  o(inal  toes,  attaclied  ti>  a  f<K>t  which  is  nsually 
withdrawn  into  the  bcnly,  and  by  the  nnanne<l  anterior  t»dg(»  of  the  lorica.  It  Ix^ars  some  resem- 
blance to  Diitrrlla  brack i/ura  (1t)8He,  bnt  is  distinguished  from  the  latter  by  the  e<iual  t4>efi.  the 
constrictions,  and  the  general  form.  It  also  resembh»s  Dinrt'lht  raria  (toss«'.  Imt  is  much  larger, 
and  the  ixwterior  part,  of  the  lorica  ends  in  an  entirely  different  maiin*»r  in  tlie  two  si)e<'ies. 

External  feat u res. — The  body  is  nearly  cylindrical  and  strongly  curviKl,  the  doi-sal  line  forming 
nearly  an  an*,  of  a  circle.  Tlie  f(X)t  is  usually  retrm^t+'d  within  the  lorica  (fig.  2.")),  so  tliat  the  ven- 
tral line  meets  the  dorsal  in  a  sharii  angle,  giving  a  very  chanict(?risti<^  feature  of  this  animal; 
when  tlie  foot  is  extended,  however,  as  in  fig.  24.  this  angU»  d«H's  not  apjM'ar.  Surroumling  the 
body  a  little  in  front  of  the  middle  arf»  two  pnmounced  grooves,  which  seiwiratc  c)ff  the  anterior 
part  of  the  lorica  from  the  reinain<ler.  There  are  no  pronounce<l  te<'tli  nor  sjnnes  at  the  ant<»rior 
margin  of  the  lorica,  though  tlie  dorsal  <Mlge  ])roje<*ts  a  little  farther  than  the  ventral,  so  that  this 
might  perhaps  l)e  descrilx^d  as  a  v(»ry  slightly  marked  t^w)th.  On  the  dorsjil  surfa<-e  of  the  lorica 
(apparently  in  the  middle  line,  though  this  is  very  difficult  to  determine  in  an  animal  of  this  form, 
in  which  a  dorsal  view  is  rarely  o))tained)  there  is  a  shallow  furrow.  iK'tween  two  .slight  ridges, 
extending  back  about  tjrt  th<'  first  transverse  gr<M>ve.  This  furrow  is  striated  tr.insversely.  In 
some  spet*imeiis  this  furrow  st'ems  scarcely  to  exist  at  all.  The  ridge  to  the  right  of  the  furrow  is 
a  little  higher  than  the*  one  tr»  the  left. 

Conma. — The  cc)rona  luis  the  u.sual  two  wts  of  cilia — those  alK)ut  the  outer  edgt»  and  a  small 
curve  on  ea<'h  side  of  the  mouth.  In  addition  t,o  these,  the  following  structurf»s  may  Ik*  distin- 
guished: (a)  A  large  fleshy  dorsal  pnK-ess,  iM»int4'd  in  side  view  (fig.  24).  but  nearly  rcH'tangnlar 
from  alx)ve:  (/>)  two  small  antenna-like  pr<H*esses.  one  on  either  side  of  atid  lMd<»w  the*  dorsal 
process;  (c)  a  large,  rounded,  central  projection  of  the  coronal  surface  Im'Iow  the  dorsiil  ]>nK*ess 
(fig.  24). 

Antenme. — The  dorsal  antenna  is  in  tin?  nuHlian  furrow,  a)M>ut  halfway  back  to  the  first 
circular  groove.  The  lateral  antenna».  very  minute,  are  in  the  usual  ]>»)siti<»n.  on  the  jxisterior 
third  of  the  lorica. 

Foot. — The  f«H)t  is  scarcely  distinguishable  as  a  s(»parate  structure,  sin<*e  it  is  small  and  is 
habitually  retracted  within  tln>  lori<'a  (fig.  2.'»).  It  cjin  1h'  extended,  however  (fig.  24).  and  is  a 
very  short  joint  of  the  usual  form. 

Toi'H, — The  two  toes  are  equal  in  length,  very  short,  and  are  usually  conceale<l  for  half  their 
length  within  the  lorica,  the  tijw  ])rojecting  downward  (fig.  25).  When  th<*  font  is  exte»nded.  the 
toes  point  forward  (fig.  24.)  Each  too  is  lU'companied  on  its  out<*r  si<le  by  a  substyle  alxnit  one- 
third  its  own  length. 

Tntcrnal  onjauH. — The  nuvstiix  is  very  large,  and  contains  large.  well-develo|>ed  tro]>hi.  These 
are  unsymmetrical,  th»<  right  manubrium  lK*ing  a  men^  slender  bristle,  much  smaller  than  the  left 
(fig.  2C5).  The  mucrus  reservoir  is  large,  and  divided  by  Ji  longitudinal  iKirtition  into  two  equal 
halves.  The  contractile  vacuole  is  very  small,  l>'ing  al)ove  the  mucus  reservoir,  on  the  right  side 
of  the  int€»stine.     The  remainder  of  the  internal  organs  call  for  no  .s]H*cial  m»»ntion. 

MeamtremeutH. — Length  of  Innly  without  t<K»s.  0. 1 7  to  0. 18  mm. :  length  of  toes.  o.O.'J  to  O.O.T)  mm. 

History. — This  s])ecies  was  descrilK'd  by  the  ])res(^nt  author  in  1^94  as  H(tt1iihis  suloatiix.  In 
the  same  year  Bilfinger  (1S94 )  descril)ed  and  figurtMl  it.<'onsideringit  to  l)e  iM)ssibly  (mosses  (Uvlninin 
(Diureiia)  brack  if  urns.  Sinc(?  that  time  it  has  lieen  inentione<l.  with  notes,  by  Stenr»K)s  (1N9H)  and 
figured  by  Jennings  (19()1 ). 

Dintribution. — Diurella  sulrata  Jennings  is  very  common  in  sumnii^r  in  the  vegetntion  of  our 
lakes.  I  have  found  it  in  the  following  lr)calities:  Lake  St.  ( Uair;  <  )ld  Channel,  Charlevoix.  Mich.; 
West  Twin  Lake,  6  miles  from  Charlevoix,  Mich.:  Put-in  Hay  Harbor  and  Ea.st  Harl>or,  Lake 
Erie.     Kellicott  (1^90)  found  this  siKuies  in  Simdusky  Biiy,  Lake  Erie. 

In  EurojMJ:  Wiirtteml^erg,  Germany  (Bilfinger,  1S94):  Lake  Numiijarvi  in  Finland  (Stenroos, 
1898). 
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10.  Diurella  cavia  Gr08i?e  (pi.  iii.  figs.  35  and  36). 

SyTionym:  C«iIojiu4t  cci  fin  Crosse  .  1.n<* ■ . 

Distinefin'  charaeirr^t. — ThL<  spf»cies  is  to  lie  recognize<l  by  the  very  small,  pltunp  body,  with- 
out tt*eth  at  the  anterior  margin  of  the  h»rica.  and  the  pngection  of  the  lorica  as  a  large,  rounded 
protnbenmce  over  and  Ix^hiud  the  foot,  j^j  that  the  foot  ari.s€*s  fr()m  the  ventral  surface  of  the  body, 
and  by  the  short,  ecjual  toes.  It  dLffers  fr«»m  />.  jutrcflin.s  Ct<~»ss«-  and  D.  intermedia  Stenroos  in  the 
abs^r'nce  of  teeth  at  the  anterior  margin  of  the  lorica  and  in  th««  e^jual  toes,  together  with  differences 
in  general  form.  From  /'.  hnwlnjnni  G<»sse  it  differs  in  the  short,  thick  Ixniy  and  the  large. 
ronnde<l  Ixickwanl  ])rojection  over  tlie  fo<>t  and  in  the  eijual  toes.  From  A  ifulcdta  Jennings,  its 
nearest  relative,  it  differs  in  its  mnch  smaller  size  and  in  the  great  posterior  enlargement  i»rojecting 
as  a  large,  ronudetl  i)n»tulH*rauce  over  the  f«>>t.  giN^ing  the  animal  an  (jntirely  different  appearance 
from  the  last-name<l  siKvies. 

Ej'f*  rmtl  ftntuns. — The  lorica  is  short  and  thick.  arche<l  dorsally  and  only  slightly  curved 
ventrally  « tig.  36).  The  lorica  pr(»j«-<*ts  liackward  as  a  large,  hollow  proml)erance.  extending 
con-«5ideral)ly  back  of  foot.  There  are  one  or  two  slight  constrictions  alnjut  the  middle  of  the  body, 
much  as  in  Z>.  ttnlattn  Jennings.  Imt  less  mark»Hl.  The  anterior  margin  of  the  lorica  is  without 
teeth.  Extendiniir  ]»a4-k  fr')m  the  anterior  margin  to  nearly  the  middle  of  the  lorica.  a  little  to  the 
right  of  the  middle  line,  is  a  depr€^se<l.  striate<l  jirea.  its  two  e<lges  lieing  a  little  elevated. 

Cnrnna. — Tlie  corona  l>ears  the  usual  thick  dorsal  jirocess:  in  other  respects  it  has  not  been 
specially  studie<l.     The  antenme  I  have  not  seen. 

Ftntt. — The  foot  is  ver>' small,  scarcely  noticeable  as  a  separat*'  joint.  It  is  situated  consider- 
ably in  front  of  the  ]iosterior  end.  on  the  ventral  snrfa<e. 

TVhx.— The  two  t<x*s  are  e<inal  in  length,  the  length  ]»eing  s^nuewhat  less  than  the  diameter  of 
the  lorica.  In  the  sp^n-imen  stii^lied  by  the  author  the  two  t<ies  ext+^ndeil  backward  and  were 
cr<»sse<l  (fig.  3.~>).  This  is  doubtless  by  no  means  the  rule.  In  Mr.  (iosse's  sf>ecimens  the  toes  were 
tunie<l  forward,  as  in  D.  pttn-rnns  rioss*\  There  is  a  sul^^tyle  at  the  ]>ase  of  each  of  the  toes  (not 
shown  in  the  figur^•s  •.  The  internal  organs  seem  to  offer  nothing  exceptional.  In  the  single  speci- 
men at  my  disposal  I  was  not  able  to  make  ont  the  trophi. 

JItnsurements, — Length  of  bo«ly  without  toes.  0.115  mm.;  length  of  toes.  O-O^i*,*  mm. 

Hfsfnr;/. — This  s^Mx^ies  was  descri)»e<l  as  ('nlnpus  covin  by  Gross<»  in  Huds^^m  <S:  Gosse's  Mon- 
ograph of  the  R'>tifera  '  1^^1»>.     It  has  iu>t  since  l)een  descril>e<l  or  figure^l. 

Disfrihnfittti. — I  have  f«>nnd  but  a  single  spe<-imen  of  thi-^  sj>e<Mes.  from  the  northern  swamp 
on  Middle  Bass  Island,  in  Lake  Erie. 

In  Euroi)e:  Epi»intr  Forest.  England  '  Gosse.  l"^^*.*-:  Ireland  (Glas.scott.  1*<1*3>:  Austrian  Poland 
(Wierzejsk-i.  1^03». 

11.  Diurella  brachyura  Goss«'  ipl.  iii.  figs.  3*2-^U.  and  i>l.  xiii.  figs.  114  and  11.")). 

SyuMiiyin-:  M-'if^.n-n  hrm  ht/>fro  ihrii^    KA  '.   luuvlin  r»i //»»/»«.•<  Eyferth    KS  and  iSSji:  also  Eckstein  (1883 >: 

Disfinrfire  rhttrartrrs. — This  si»ecies  is  to  l>e  known  )>y  the  small,  curved  body,  less  plump 
thitn  in  />.  jntrvrlJus  G<»ss«'  and  /'.  mvia  Gosse:  the  la<-k  of  tt^th  at  anterior  margin  of  lorica;  the 
fa<-t  that  the  foot  !•*  not  on  the  ventnil  surfa<-e:  and  the  nearly  eiiual  t<vs,  of  length  about  equal  to 
diameter  of  K)rica.  It  is  nearest  to  1).  raria.  fnmi  which  it  is  di.stinguisheil  by  the  more  slender 
Ixxly.  tapering  to  the  jiosterior  end.  and  the  fa<;t  that  the  foot  is  not  on  the  ventral  surface. 

E.rtt mill  fentfires, — The  lio<ly  is  cylindrical  in  form,  much  more  slender  than  in  Z).  porvetltis 
Gosse.  and  tapers  toward  the  i»osterior  end.  In  extende*!  8j>e<-imens  the  thickest  part  of  the  body 
is  the  middle,  the  head  n^gion  lieing  a  little  narrower  (fig.  ii'2).  Tlie  body  is  cur\*e<l,  so  that  the 
dorsal  line  forms  nearly  an  arc  of  a  circle.  T«»gether  with  the  toes,  which  continue  the  curve  of 
the  bo<ly  (  when  nt>t  l>ent  ni>  against  the  lorica ».  a  fidl  semicircle  is  thus  formed.  The  head-sheath 
is  not  shari>ly  set  off  from  the  remainder  of  the  lorica.  th<mgh  a  slight  constriction  between  the 
tw«»  is  e\ndent.  Then*  are  no  teeth  at  the  anterior  margin  of  the  lorica.  The  head-sheath  may  be 
folded  longitudinally  when  the  head  is  retracted,  as  in  many  other  si)e<'ie8.  At  such  times  one 
of  the  folds  on  the  left  extends  a  little  In^yond  the  others,  forming  thus  a  slight  rounded,  very 
inconspicuous.  proje<-tion  (fig.  l^i).  This  pr«)je<*tion  <lisappears  when  the  head  is  fully  extended. 
Usually  no  ridge  is  apparent,  though  on  some  .specimens  there  is  evidently  a  slight  elevation  of  the 
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lorica  in  the  usual  iK)sition  of  tlie  ridge,  to  the  right  of  the  dorsal  line.  Careful  t>xaiuination  of 
favorable  specimens  shows  that  a  striated  area,  such  as  marks  the  ridge  when  it  exists,  is  always 
present  (fig.  38).  This  is  broad,  and  extends  batrk  to  alxmt  the  middle  of  the  IkxI.v;  it  has  two  sets 
of  the  striations,  meeting  each  other  ahmg  a  central  rhaphe. 

Corona, — The  corona  is  of  the  usual  character.  It  l)ears  a  single  thick  dorsiil  process  (fig.  32), 
and  apparently  two  very  slender  lateral  processes,  though  of  these  I  could  not  l)e  quite  certain. 

Antenmv. — The  dorsiil  anteima  is  in  the  striated  area,  a  little  l)ehind  the  constriction  setting 
off  the  head-sheath.     The  lateral  anteimie  are  in  the  usual  position,  on  jMjsterior  third  of  body. 

Foot. — The  foot  forms  a  continuatiim  of  the  tiii>ering  Knly  at  its  posterior  end,  not  being 
pushed  forward  on  the  ventral  side,  as  in  />.  niria  (4osse  and  />.  porcrllus  (iosse.  It  is  of  the  usual 
short  conical  form. 

Toes  (figs.  34  and  114). — The  tw^o  toes  an»  very  n(?arly  equal,  the  left  l)eing  a  very  little 
longer  than  the  riglit.  Frt»quently  the  tip  of  the  right  t<H'  lies  against  the  left,  but  this  is  by  no 
means  always  true.  The  longest  to<^  is  alxmt  eciual  in  length  to  tlie  diameter  of  the  body.  At  the 
base  of  each  to(^  on  it«  out(»r  side  is  a  single  substyle,  alxiut  one-thinl  the  length  of  the  toe. 

Internal  oryaiix. — Tlie  tro])hi  are  of  the  usual  character,  the  right  manubrium  l)eing  much 
reduced.  The  small  contractile  vacuole  (tig. 32,  f'?*.)  lies  al>ove  the  mucus  reservoir  and  contracts 
very  rapidly  (according  t^)  Stokes  ( 1H1H5)  40  times  per  minute).  The  rest  of  the  internal  organs  call 
for  no  special  r(?inark. 

Measurements. — Length  without  toes,  0.10  to  0.13  mm.:  length  of  tot>s.  about  0.03  mm. 

History. — This  species  was  descril)e<l  ))y  (toss(?  in  IH.")!  as  Mtmocerca  hntrht/ura.  Eyferth 
(1878)  proposed,  for  a  form  which  he  said  wjis  much  smaller  than  I),  sti/hita,  the  name  Dinrella 
rattnlus,  but  he  gave  no  further  account  of  the  animal.  Eckstein  (1HS3)  descril»ed  and  figured 
the  animal  under  the  name  proiK»sed  by  Eyferth.  Tessin  (1880)  gave  a  few  notes  on  the  animal 
tinder  the  name  AcauthoikwtyJus  ntttnlns.  In  Hudson  &  Grosse's  Monograph  ( 1M89)  this  species  was 
transferred  to  Mr.  Gosse's  new  genus  (Uehtfms.  receiving  the  name  iUt'lopiis  ttrach yarns.  As  this 
genus  was  based  on  an  error,  tlie  species  must  of  course  go  )>ack  to  Dinrella.  Finally,  Stokes 
(1896)  described  this  as  a  new  s|M»cies,  undt»r  tlu^  name  Raftulns  ftal/n'ttttus,  the  si)ecifi(r  name 
relating  to  the  rapidity  of  the  i)uls{itions  of  the  contractile  vacuole.  Stokes's  description  and  figure 
apply  in  every  detail  to  I),  hraehynra,  so  that  there  was  no  reascm  for  giving  the  animal  a  new  name. 

Figures  of  this  spe<nes  have  also  Immmi  given  by  Jennings  (1000  and  1001). 

Distribution. — This  s])e<*ie8  is  not  very  common  and  stH'ms  as  a  rule  to  inhabit  swampy  ponds. 
I  have  recorded  it  from  East  Harbor,  Lake  Erie,  near  Sandusky,  Ohio:  from  the  Hurcm  River  at 
Ann  Arbor,  Mich.;  from  ikh)1s  near  Hanover,  N.  H.:  and  from  marshy  ]M)nds  on  North,  Middle, 
and  South  Bass  islands,  and  on  Prescjue  Isle,  all  islan<ls  in  Lake  Erie.  Kellicott  (l^<88)  reported 
its  presence  in  the  Shiawassee  River  at  Corunna.  Mich.:  Stokes  (isoo.as  liattulus  jtalpitatns) 
found  it  near  Trenton,  N.  J. 

In  Europe:  England  ((iosse,  IWO);  Ireland  (Glasscott,  1803);  near  Rost(K*k,  Gi^nuany  (Tessin, 
1886);  Wiirtteralx'rg,  Germany  (Bilfinger.  1892,  as  />.  rattnhts):  Finland  (Levander,  1894,  as  D. 
rattulus). 

12.  Diurella  dixon-nuttalli  n.  sp.  (])1.  iv,  figs.  40  to  44). 

Distinctive  characters. — This  sjMH'ies  is  to  l>e  known  by  the  ab.sence  of  t^eth  at  the  anterior 
margin  of  the  lorica  and  by  the  two  toes,  one  about  two-thirds  the  length  of  the  other.  It  is  closely 
related  to  D.  hraehynra  Gosse,  from  which  it  differs  in  the  greater  inequality  of  the  two  toes,  as 
wallas  in  general  form.  (Compare  the  figures  of  the  two  sxHjcies. )  From  I),  snlcata  Jennings 
and  D.  cavia  Gosse  this  spe<nes  differs  in  ha\nng  unequal  toes. 

External  featnres. — The  Ixnly  is  nearly  cylindrical,  somewhat  curved,  and  tapers  toward  the 
posterior  end.  The  dorsal  line  is  convex,  tht?  ventral  line  nearly  straight,  or  concave.  The  head- 
sheath  is  set  off  from  the  remainder  of  the  lorica  by  a  constriction,  and  has  a  numlier  of  longitudinal 
folds,  where  it  yields  when  tlie  head  is  retract^'d.  It  is  without  teeth  at  its  anterior  eilge.  On  the 
dorsal  surface  of  the  lorii-a  a  short  furrow  extends  backward  from  the  anterior  margin  to  a  point 
some  distance  l)ehind  the  (constriction  which  sejiarates  the  head-sheath  from  th(»  remainder  of  the 
body  (fig.  40).     This  (evidently  corresponds  to  the  striated  area  of  other  spei-ies. 

Corona. — The  corona  Invars  the  usual  median  dorsiil  (rlub-shai)ed  i)ro(*ess,  as  well  as  a  number 
of  other  prominences  (fig.  40).     Otherwise  it  seems  to  }ye  of  the  usual  character. 
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Antetnup. — The  dorsiil  aiiteiina  is  sitnateil  in  the  dorsal  furrow  mentioned  above,  a  little 
l>e]iind  tlic  constriction  wliich  sei)arutes  off  the  head-sheath.  The  lateral  antennae  are  in  nearly 
the  usnal  posititm  on  the  iM>sterior  third  of  the  b<Mly,  but  the  left  antenia  is  considerably  farther 
forward  than  the  right.     iCom])are  tigs.  41  and  44.) 

Fmtf. — A  short,  thick  joint,  wliich  can  apimrently  ]>i»  retracte<l  within  the  lorica  (see  fig.  40). 

Tins. — There  are  two  toes,  very  close  together.  The  longer  left  toe  is  alx)ut  half  as  long  as 
the  Ixxly  of  the  animal,  while  the  right  toe  is  about  two-thirds  the  length  of  the  left  (fig.  43). 
There  are  two  minute  su])styles  at  the  ))ase  of  the  main  t<>^  (tig.  48). 

Internal  (nyans. — The  prominent  brain  Invars  a  large  red  eye  at  its  posterior  end.  The  trophi 
(tig,  42)  are  imsymmetrical,  tlie  right  malleus  l)eing  much  reduced. 

Mensnretnrnts. — Total  length.  (Mo  to  (MH  mm.,  of  which  the  toe  forms  about  one-third. 

Htstitri/. — Tliis  siH»cies  has  not  been  descril)e<l  l>efore.  It  was  drawn  by  Mr.  Dixon-Nuttall 
same  years  ago,  and  copies  of  his  drawing  have  lx*en  distributed  to  many  workers  on  Rotifera  under 
the  name  C(Hoj)ns  hntvht/nrn.s,  but  he  agrees  with  me  that  this  is  not  really  the  delopua  brnchyu- 
rns  of  Gosse  (see  the  account  of  Din  villa  hravhijnra),  so  that  it  is  necessary  to  give  it  a  new  spe- 
cific name.  I  name  it  therefore  after  the  investigator  who  first  figured  it.  The  figures  herewith 
presented  (figs.  40-44)  are  all  by  Mr.  Dixon-Nuttall,  and  my  description  is  ]>ased  upon  them. 

Distrihntnni. — This  s]KM*ies  has  not  lieen  found  in  America.  According  to  Mr.  Dixon-Nuttall 
it  is  common  in  ponds  in  England. 

DESCRIITIONS    COMPILED    FROM    OTHER    AUTHORS.^ 

13.  Diurella  sejunctipes  Gosse  (pi.  xiv,  figs,  120.  121). 

Symmym:  ICattuhis  sfjunrtiiM.s  (}«»s8e  ilWilt. 

Distinfjnishing  charactrrs. — **  Body  projecting  much  above  and  behind  the  foot;  toes,  two, 
coeipial,  slender,  decurved.  set  side  by  side.  \%ide  a])art "  (Gosse,  1HH9.  p.  66).  The  body  is  said 
to  be  stout,  plump,  and  curved:  the  foot  is  short  and  thick.  Gosse  described  what  is  evidently 
the  mucus  rt»servoir  as  **  a  great  basal  l)ulb,  wholly  internal."  f<>nuing  i>art  of  the  foot.  The  toes 
are  two  equal  acute  slender  styles,  so  curved  as  to  (Mmtinue  the  outline  of  the  body,  and  are  wide 
apart  at  the  base.     The  tropin  were  figured  by  Gosse  **  conjecturally." 

Descril>ed  by  Gosse  from  notes  ))y  Dr.  F.  Collins.  Found  by  the  latter  in  a  pool  near  Welling- 
ton Military  C<>llege.  Birks,  England. 

StennM)s  ( isys)  found  this  sj)ecies  in  Lake  Nunnijarvi.  in  Finland,  and  gave  a  figure  (fig.  121) 
and  measurements.     Length  of  l>ody,  (M(H»  mm.;  thickness,  o.oii  mm. :  length  of  toes,  0.03  mm. 

Distrihntiitn. — A>.  above  an<l  in  Bohemia  (Petr,  IsfM);. 

14.  Diurella  coUaris  Rou.sselet  (]>1.  xiv,  fig.  127). 

Svn«»nvm:  Kattnlus  roUaris  R<iuss<*k't  i  iSlHii. 

I  give  herewith  Mr.  Rousselet's  description  of  this  si>eci»^s  in  his  own  words: 
*'Inshai)e  the  Ixxly  is  roughly  cylindric,  slightly  cur ve<l  Ix^hind:  the  loric^i  is  finely  pitted  or 
stippled,  giWng  it  a  roughene<l  apjiearance;  it  has  no  dorsal  ridge  and  is  fairly  stiff,  except  in  the 
neck  region,  where  the  integument  is  more  flexil)le  and  frequently  forms  a  thickened  collar  when 
the  animal  is  Ix-nding  or  retracting,  and  from  this  characteristic  i)eculiarity  the  animal  derives  its 
specific  name.  The  foot  r»j)i'ning  is  olilique.  nearly  ventral,  and  the  lorica  overhangs  the  foot 
dorsidly  in  a  marked  degree.  The  head  is  elongated,  truncate  in  front,  and  somewhat  tapering 
anteriorly,  and  it  is  furnished  with  a  sim])le  wreath  of  cilia:  it  c(mtains  a  conical  brain  mass,  with 
a  red  eye  at  the  tip.  and  long  jaws  «»f  the  Rattnlns  tyiK».     The  hmg.  thin  cesophagus  is  attached  to 


«t  IHunlht  uncindta  Vnifft.  While  this  ])ai>er  was  j)as.sing  thrnujfh  the  pres«.  Voigt  publLshed  a  brief  dia^osls  of 
u  new  .'*i)e<-ies  of  lHim  Un.  nn<l«'r  the  name  ('tih^fum  iim  inaiuM  <  ZcM^lo^rLHeher  Anzei^T.  Bd.  25,  ISXC,  p.  679).  For  the 
sake  of  eonipleteness  I  api)en«l  a  translation  <»f  his  des<Tiption:  '*  Body  short,  curved.  Anterior  edge  of  the  lorica 
slightly  denticulate.  8<»niewhat  to  the  right  of  the  middle  line,  when  the  animal  is  viewed  from  the  doraal  aide. 
aris<»s  a  long,  rapidly  narrowed,  somewhat  i-urvtKi  i)ro<'es8.  The  short  foot  shows  tw<>  unequal  curved  toes.  Jaws 
un.sym metrical.  A  large  red  eye-siM>t.  I^'ngth  of  the  >>ody  without  the  pr«M.*es8,  0.<l*5  mm.  Length  of  the  largest 
to«' o.(C>  mm.  Length  <if  the  frtmtal priness, (KiCT  mm.  Occurrence;  Novemlier,  ISUtland  1901  in  the  Schluen-See and 
S<'hoh-.S«H»,  amid  P"tnnnn/ttnn  and  ritra'jutiteM.    Si>e<-imen8  few." 

The  diagnosis  is  n«»t  a«-conii)anied  by  a  figure.  A  full  dencription,  with  figures,  is  prtjmised  for  the  forthoomlng 
( ninth »  Heft  of  the  Forschungsberichte  aus  der  Biol.  Station  zu  PlOn. 
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the  antero-dorsal  part  t)f  the  mastax  and  w-ideus  into  the  large  sm;cate  stomacli  and  intestine. 
Ronnded  gastric  glands  are  attiic'hed  to  the  anterior  i>art  of  the  stomach  in  the  nsnal  way.  The 
ovary  is  an  oval  plate  \vith  large  nuclei  embedded  in  its  granular  substance,  and  it  has  generally 
a  large  maturing  egg  attached  to  it.  Lateral  canals,  with  flame  cells  attached,  and  a  contractile 
vesicle  are  present.  The  dorsiil  antenna  (^merges  from  a  small  depression  in  the  head  just  liehind 
the  tip  of  the  brain,  and  the  lateral  antenniv  are  situated  in  the  lumlwir  region,  on  each  side  of  the 
body.  The  f<K)t  emerges  nearly  ventndly:  it  consist.**  of  two  short  joints  and  is  furnished  with  two 
very  long,  thin,  narrow,  glassy  t<H»s. about  half  the  size  of  the  Ixnly  in  length.  The  ttx's  are  nearly 
straight  for  alwut  half  tlieir  length,  then  they  are  d^»i*urvcd;  one  or  two  very  small  substyles  are 
present  at  the  Imse  of  each  toi\  In  swimming  the  animal  moves  slowly,  as  if  the  small  ciliary 
wreath  were  not  jxiwerful  enough  to  move  the  com]>aratively  large  Inxly,  and  I  always  found  it  at 
the  bottom  of  my  tanks  among  the  sediment. 

'^Length:  Total,  with  toes,  ^V  inch  (O.JUT  nmi. );  of  Wly  alone,  i'.„  inch  (0.213  mm.);  of  toes 
alone.  2I2  i"^-^  (0.105  mm.).     Habitat,  Sandhurst,  Berks.*' 

Stenr(X)s  (tH9h{)  found  this  si)ecie8  in  Lake  Nurmijar\i,  in  Finland,  and  gives  a  description 
and  figure.  Stenroos's  siK^cimens  were  larger  than  those  of  Rousselet.  the  body  shorter  and  thicker, 
the  projection  of  the  lorica  Iwick  of  the  f<K>t  larger,  and  the  f<M)t  consisted  of  but  a  single  joint, 
instead  of  two,  as  described  by  Rousseh't.  (This  last-named  difference  ])rol)ably  arises  merely 
from  a  variation  in  interi)retation  as  to  what  should  1k»  called  a  "joint.") 

15.  Diurella  helminthodes  (tossc^  (jjI.  .\iv,  fig.  V2*2). 

Synonym:  Rnttuhis  helminthndrs  (}<»smi  i  lssi»). 

IHsthigitishi'iKj  rha meters. — "  B(Mly  very  slonder.  esjiecially  in  front;  the  width  less  than  one- 
fifth  the  length;  to<»s  without  iiccessory  styles  at  Iwise;  bruin  clear."  (Gosse,  IKSl),  p.  60.)  This 
species  was  descrilied  by  (Tosse  from  a  singh*  dead  sp»*cimen.  H(>  says  that  it  approaches  Diurella 
tigris  Muller  in  form,  in  the  slendemess  and  in  the  c<»mparativt^  length  of  the  toes,  but  it  is  much 
more  elongated  and  the  anterior  part  especially  is  more  slender  than  in  I),  tigria  Miiller.  He 
thinks  there  is  a  low  dorsal  ridge,  lH»ginning  insensibly  near  the  middle  of  the  length  and  ending 
in  an  oblicjue  angle  near  the  f<w.»t.  (losse  thought  that  no  sul)styles  were  pn^.sent.  but  was  not 
absolutely  certain  of  this.  Whether  or  not  a  tooth  is  present  at  the  anti'rior  tnlge,  as  in  D.  tigria 
Miiller,  Gosse  does  not  say.  L*»ngth  to  ti])s  of  toes.  O.-J.^  mm.;  of  t<H's.  0.0<>()  mm.;  width  and  depth 
of  body,  0.05  mm. 

Glasscott  (1H93)  lists  this  Ri)ecies  from  Ireland  and  states  that  the  anterior  i>art  was  of  the 
same  diameter  as  the  posterior. 

Scorikow  (1H9(J)  has  given  a  description  of  a  r(>tifer  which  he  identified  doubtfully  as  this 
species,  without  a  figure,  but  his  account  adds  nothing  of  inijKjrtance  to  that  of  (xosse. 

Distribution. — (Josse  (ISHD)  foiuid  />.  hchuiuthiKirs  in  a  pind  near  Birmingham,  England: 
Glasscott  (1H93)  in  Ireland;  Siorikow  (1S90)  near  (^harkow,  Russia;  Wierzej ski  (1893)  in  Austrian 
Poland. 

16.  Dixirella  marina  Daday  (1H89)  (pi.  xiv,  figs.  l'.»3-H>«). 

This  species  was  descrilx'd  by  its  author  in  the  Magyar  language,  so  that  I  am  unfortunately 
unable  to  make  use  of  his  deserii)tion.     His  figures  are  repro<luc«»d  in  ])1.  xiv.  figs.  1*23-12H. 

In  a  brief  note  in  German.  Daday  (IS90)  s^iys  that  DinrtlUt  uiariun  most  re.sembles  Diurella 
tigria  of  Ehrenl)erg.  but  is  distinguishable  from  it  by  tlie  structure  of  the  mastax  and  the  ])ec^uliar 
border  of  the  head-sheath  of  the  lorica.  What  the.se  ixH'uliarities  are  must  l)e  judged  from  the 
figures.     The  figures  do  not  show  whether  the  toes  are  e(jual  or  unequal. 

This  species  is  marine  and  wtis  found  by  Dailay  in  the  Bay  of  Najdes. 

17.  Diurella  brevidactyla  Daday  (1889)  (pi.  xiv,  fig.  12.S). 

This  siK^cies,  like  the  last,  was  descril)ed  in  the  Hungarian  language,  so  that  I  can  not  use  the 
description.  In  a  brief  resum^  Daday  (181M))  siiys  that  this  si>e<*ies  is  distinguished  from  />.  marinn 
Daday  by  the  simple  anterior  edge  of  the  lorica,  that  its  t^H's  are  very  short,  and  that  its  mastax  is 
different  from  that  of  D,  marina.  It  is  likewise  a  marine  species  and  was  found  in  the  Bay  of 
Naples. 
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n.  RATTULUS  Lamarck. 

Generic  charxicters. — One  long  tf»e.  which  is  usually  ac*companitHl  by  another  (the  right  toe), 
which  is  rudimentar>',  lieiug  not  more  than  one-third  leuj^h  of  main  t<»e.  The  main  toe  usually 
more  than  half  the  length  of  IxHly.  Body  cylindrical,  oval,  or  ovoid:  usually  less  curved  than 
in  Diurella. 

DESCRIPTIONS  OF  THE  SPECIES  STIDIED  BY  THE  AUTHOR 
18.  Hattulus  gracilis  Tessin  (pi.  v.  figs.  4o-49). 

Synonyms:  ArnnthiMlaft  fftns  ifro'-ili.'*  Ttt^in    l.^^*?-:  yt»i.sti[HH->rrn  («'rfii.M  (!<«■«<' <  lx>^>. 

Distinguishing  rharnrfrrs. — This  sj)ecies  is  to  lie  distinguished  by  the  elongate<l.  only  slightly 
cur>*e<l  l>ody,  with  the  head-sheath  shiirjdy  set  off.  and  with  many  longitudinal  folds,  the  main 
(left )  toe  alx)ut  one-half  to  two-thirds  the  length  of  the  Ixnly  and  the  rudimentarj- '  right )  toe  alnrnt 
one-third  the  length  of  the  main  one.  Its  nearest  relative  is  DinreUn  tenuinr  Cfosse.  from  which 
it  differs  in  haring  the  shorter  toe  only  one-third  the  length  of  the  longer,  in  the  less  cun*ed  form, 
and  the  head-sheath  sharply  set  off  from  the  body.  From  Ratfnlns  sripio  Gosse  it  differs  in  hav- 
ing a  shorter  main  toe,  with  the  right  toe  longer  in  proportion,  and  in  the  marked  folds  of  the 
head-sheath  when  the  head  is  retracteil. 

External  f fat nns. — The  Ixnly  is  elongate<l  and  shape<l  much  as  in  H.  scijtin,  save  that  it  is  a 
little  more  curved,  the  dorsal  line  being  markedly  convex,  while  the  ventral  line  is  nearly  straight. 
In  a  dorsal  \iew  the  sides  of  the  Ixnly  fre<iuently  appear  nearly  straight,  as  shown  in  fig.  46.  There 
is  a  ridge  on  the  dorso-<lextral  side,  extending  from  the  f<M>t  to  the  head.  On  the  head-sheath  the 
ridge  is  less  prominent:  it  ends  anteriorly  in  a  minute  tooth  ( figs.  4-5,  47 ).  The  ridge  is  transversely 
striated,  the  striations  extending  some  distance  to  the  left  on  the  lorica.  These  striations  are  ver>' 
inconspicuous,  owing  to  the  opaqueness  of  the  internal  organs.  .^)  that  they  can  l)e  seen  only  in 
especially  favorable  specimens. 

The  head-sheath  is  sharply  set  off  fr«3m  the  rest  of  the  Ixxly  by  a  deep  constriction,  and  is  as  a 
rule  much  narrower  than  the  rest  of  the  lorica.  It  has  many  longitudinal  folds,  by  which  it  can  be 
folded  into  verj-  small  compa.^  and  the  anterior  opening  almost  completely  closed  when  the  head 
is  strongly  retracted  (fig.  48).  These  folds  almost  disappear  when  the  head  is  unusually  extended 
(fig.  45).  The  dorsal  portion  of  the  head-sheath  projects  considerably  l>eyond  the  ventral  portion 
when  the  head  is  strongly  retra<"te<l. 

On  its  right  side,  in  the  continuation  of  the  ridge  of  the  lorica.  the  head  bears  a  single  tooth 
(figs.  46-48 K  This  is  very  minute,  so  that  it  is  easily  overlooke<l:  it  is  not  mentione<l  by  Tessin 
(1896)  nor  G<jsse  (18810.  though  it  was  observe<l  by  Bilfinger  ( IMM ». 

As  to  the  general  form,  it  is  perhaps  possible  to  distinguish  two  varieties  of  this  sjiecies. 
Those  which  were  sent  me  by  Mr.  Rou.*^selet  from  Presc-ot.  England,  differed  from  the  s]M:H-imens 
found  in  America  in  the  more  slender  Ixxly.  j>erhaps  a  little  more  curve<l.  and  with  the  head- 
sheath  not  so  sharply  set  off  from  the  rest  of  the  lorica.  This  English  form  is  sho%vn  in  figs.  45 
and  47,  while  Amerit^an  specimens  are  shown  in  figs.  4*>.  4x.  and  49.  The  differences  do  not  seem 
to  me  sufficient  to  justify  considering  the.se  different  species.  In  other  characteristics  than  those 
mentioned  the  sjiecimens  are  alike. 

Corona. — The  corona  bears  a  ]>rominent  dorsiil  procej^s:  otherwise  it  ha.s  not  l>een  minutely 
studied. 

Antenmr. — The  dorsal  antenna  lies  to  the  b-ft  <»f  the  ridge,  at  the  juucti<m  of  the  head-sheath 
with  the  rest  of  the  lorica  (fig.  46,  //.  <t).  The  two  lateral  antennie  are  in  the  usual  jxisition  on  the 
sides,  on  the  i)osterior  fourth  of  the  Ix  hIv  <  fig.  4()  i . 

F^Htt. — The  foot  is  short  and  tliick  a«*  comimred  with  that  of  Ratt'tlfis  srijfio.  i\in\  the  lorica 
d<:>es  not  project  over  it  in  a  free  edge  ou  the  left  dorsiil  side,  as  in  the  last-named  sinvies. 

Toes  (fig.  46,  47). — The  main  <»r  left  to^  i-i  from  <»ne-half  to  two-thirds  the  length  of  the  lorica. 
The  smaller  or  right  toe  \r.  ^»  is  alxnit  one-tbinl  tlie  length  of  tlie  main  one.  and  its  di.stal  end 
lies  across  the  latter.  At  the  left  side  of  the  main  to<*  is  a  large  snljstylH.  a)>out  one-half  or  more 
of  the  length  of  the  right  toe.  On  the  outer  side  of  the  right  toe  is  a  similar  but  very  minute  sub- 
style.  The  larger  of  the  two  mucus  reser>'oirs  is  connected  with  the  main  or  left  toe:  the  smaller 
with  the  rudimentary  right  toe. 

F.  C.  B.  Jy02— Jl 
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Internal  organtt. — Those  offer  nothiiiK  of  iinusnal  intercHt.  The  stomach  is  usnally  large  and 
very  oi)a(iue,  makiiiK  it  difficult  to  study  the  internal  structure.  The  eye  lies  considerably  to  the 
left  of  the  ridge.  The  jaws  are  rather  weak  and  are  unsymmetrical,  the  right  manubrium 
l>eing  a  short,  very  slender  rod,  wliile  the  left  one  is  stout  and  very  much  larger. 

Mcasnrcmnitit. — Length  of  lorica,  without  toes.  0.17  mm.:  of  longest  toe,  0.08  mm.;  of  shorter 
t<K%  0.03  mm.;  totiil  length.  0.25  mm. 

MtwemvutH.—Rattulus  (jracilis  Tessin  is  a  slow  swinmier.  As  it  moves  through  the  water  it 
revolvers  u]X)n  its  long  axis  to  the  riglit,  so  that  the  jiath  liecomes  a  spiral.  The  dorsonlextral  ridge 
is  always  directed  toward  the  outside  of  the  spiral.  In  other  words,  the  animal  swerves  contin- 
milly  toward  the  ridge,  the  latter  serving  thus  to  cut  the  water.  When  stimulated  suddenly,  as 
by  coming  in  contact  with  an  obstacle,  the  animal  swerves  strongly  toward  the  dorso-dextral  side— 
tliat  is,  toward  the  ridge. 

A  sjiecimen  of  this  species  was  st^en  to  feed  upon  a  young  s])ecimen  of  IHureUn  teuuior  Gosse. 
The  jaws  of  Jiattulns  gntcilis  Tessin  were  extended  far  out  (as  in  fig.  4»)  and  seize<l  the  side  of  the 
l)rey;  a  jdece  of  the  Diurella  was  then  torn  out  and  devourtni. 

J  J  tutor  y. — This  8i)ecies  was  first  described  by  Tessin  (1HH6)  under  the  name  of  AcantliodactyJus 
graciliH.  In  18S9  Gosse  described  the  same  animal  in  the  supplement  to  Hu<lson  &  C^osse*s  Montv 
graph  under  the  name  Mast igocerca  icrniit.  Bilfinger  (1S04)  has  given  a  better  description  of  this 
animal  than  either  Tessin  or  Gosse,  but  did  not  give  a  figure. 

DiittHhut ion.— lu  Americii:  East  Harbor,  Lake  Erie;  Graveyard  Pond,  on  Pres<iue  Isle,  near 
Erie,  Pa.;  Huron  River  at  Ann  Arbor,  Mich,  (abundant  in  Ceratophyllnm), 

In  Euroi)e:  Near  Rostock.  Germany  (Tessin,  1886);  lakes  in  England  (Gt^sse,  1889);  Ireland 
(Hood,  1895);  Wiirttemberg,  Germany  (Bilfinger,  1894). 

19.  Rattulus  soipio  Gasse  (pi.  v,  figs.  50-52;  pi.  xiu,  figs.  111-112). 

Synonyms:  3/o«f/<;<x*crco  scipio  (kwsc  (1H88,);  MnstigtH^erca  i/niV/frw  StonnKw  (?i  (IHHK);  Mastigwrrva  cueipidata 

Distinguishing  characters, — This  species  is  distinguished  ])y  the  usually  somewhat  prismatic 
lorica,  sometimes  curvt?d,  widely  oj^en  in  fnmt,  with  the  head-sheath  not  sliarjily  set  off  from  the 
rest  of  the  lorica;  the  .single  t(M)th  near  the  anterior  margin,  and  the  single  long  tew  three-fourths 
or  more  of  the  length  of  the  lorica,  accompanied  by  a  short  '*  substyle  "  (the  right  toe). 

E.rternal  features. — The  lorica  is  elongated,  often  with  nearly  straight  sides  (fig.  50),  though 
sometimes  curved  (fig.  111).  In  adult  specimens  (figs.  50  and  52)  the  diameter  of  the  body  is 
nearly  uniform  for  three-fourtlis  of  tlie  length,  l)eing  very  little  narrower  in  the  head  region,  and 
at  the  posterior  end  tiii)ering  in  conical  fashion  to  the  foot.  In  young  si)ecimens  (fig.  51)  the 
largest  i)art  of  the  body  is  nearer  the  anterii)r  en<l,  and  the  lories  tajiers  thence  regularly  l>ackward 
to  the  foot.     Th(i  form  of  the  lorica  is  not  greatly  change<l  in  fully  retracted  specimens. 

Considerably  to  the  right  of  the  middle  lin(»  the  loric4i  ris(»s  to  a  pronounced  dorsal  ridge, 
which  aids  much  in  gi\ang  the  IwHly  a  prismatic;  api>earance.  The  ridge  inclines  shaq)ly  to  the 
right  and  extends  from  the  anterior  edge  fully  three- fourths  of  the  length  of  the  \xh\j.  It  is 
marked  with  the  usual  transverse  striations;  these  extend  for  a  considerable  distance  to  the  left  of 
the  ridge  (fig.  52).  At  the  anterior  en<l  the  ridge  bears  a  tooth,  which  is  fairly  prominent  though 
not  large.  The  tooth  is  not  at  the  very  ant<»rior  margin  of  the  lorica,  but  aris«»s  from  a  little 
behind  this.  In  a  retracts  si)ecimen  (fig  52)  it  i)rojects  slightly  l)eyond  the  edge  of  the  lorica, 
whihi  in  extended  s])ecimens  (fig.  51 )  its  tip  may  not  reac^h  the  edge. 

The  h(iad-sheath  is  not  very  shari»ly  inarke<l  off  from  the  rest  of  t)>e  loric«.  though  a  slight 
constriction  In^tween  the  two  may  Iw  detected,  esjKH'ially  marked  on  the  ventral  side.  The  head- 
sheath  does  not  show  longitudinal  folds  or  flu  tings,  such  as  are  i)romin(»nt  in  Rattnhis  longisetn 
S<;hrank  and  R.  gracilis  Tessin,  and  does  not  constrict  or  change  its  form  grt^atly  wht^n  the  head 
is  fully  retracted.  This  gives  one  of  the  most  striking  trharat^teristics  of  this  species.  At  the 
anterior  edge  the  head-sheath  flares  a  little  (fig.  51)  and  the  anterior  ajwrture  remains  widely 
oiHjn,  even  when  the  head  is  retrjicteil  (fig.  52). 

Corona. — The  corona  bears  a  thick,  in  dorsal  view  somewhat  triangular,  dorsal  process. 

Antenna'.— T\ni  dorsal  antenna  lies  to  the  left  of  the  ridge,  at  left  edge  of  striated  area.  The 
two  lateral  antennie  are  in  the  usual  iiosition,  the  right  one  Ix^ing  a  little  in  advance  of  the  left. 
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Foot. — The  foot  w  rather  sharply  set  off  from  the  rest  of  the  }x)dy.  The  posterior  dorsal  edge 
of  the  lorica  pngects  on  the  left  side  some  distance  over  the  point  of  attachment  of  the  foot,  so 
that  the  latter  can  not  bend  to  tlie  left,  but  l^nds  almost  directly  to  the  right  (fig  52). 

Toes. — The  single  main  toe  (representing  the  left  toe  of  DinreUa )  is  nearly  or  quite  as  long  as 
the  lorica:  the  right  toe  ( figs.  50  and  11 1 .  r.  /. )  is  rudimentary'  and  small.  The  main  toe  apjmrently 
does  not  grow  during  the  life  of  the  animal,  while  the  remainder  of  the  body  does,  w)  that  in  a 
young  specimen  the  toe  is  as  long  as  the  entire  Ixxly  (fig.  51 ) ,  while  in  adult  specimens  (figs.  50, 52. 
and  1 11 )  it  is  only  alwut  three- fourths  or  less  the  length  of  the  bcxly. 

lutermd  (trgans. — These  offer  nothing  esiHH^-ially  noteworthy.  The  tn3phi  (fig.  51)  are  very 
unsymmetrical.  the  left  manubrium  Ix'ing  long,  stout,  and  cur>'ed:  the  right  one.  a  slender,  straight 
rod  alK)ut  three-fourths  the  length  <jf  the  left. 

Measurements. — Length  of  adult  IxkIv.  0.2  mm.:  of  ten?,  0.15  mm.;  t^>tal,  0.;35  mm. 

History. — This  si)ecies  was  first  descril>ed  by  Gosse  in  1889,  on  i)age  61  of  Hu<ison  &  Gkwsse's 
Monogrraph.  vol.  2.  Like  many  of  Gosses  descri])tions,  the  account  of  this  species  is  somewhat 
inexact,  the  figure  and  des<:ripti(»n  not  agreeing  in  all  jK>ints.  It  is  on  account  of  this  inexjvctness 
in  Gosse's  descriptions  that  I  have  considered  it  justifiable  to  identify  the  sxHJcies  here  de8crilK*d 
with  that  described  by  Q^)sse.  The  resemblance  in  general  api)earance  and  form  of  the  body  is 
great,  as  will  be  seen  by  comi)aring  Gos.se 's  figure  with  my  fig.  51.  But  Gosse  desi-ribes  the  animal 
as  having  three  spines  at  the  anterior  margin  of  the  lorica.  each  running  back  some  distance  as  a 
sharp  ridge.  His  figure  shows  but  one  of  these  spines,  and  no  rotifer  is  known  which  would  answer 
to  this  description.  Gosse  probably  took  the  profile  of  the  flaring  edges  of  the  lorica  for  two  of  tlie 
spines. 

A  more  imjwrtant  difference  is  in  the  length  of  the  toe.  Gosse  describes  and  figures  the  main 
toe  as  a  little  less  than  half  the  length  of  the  lorica,  while  in  the  species  here  descrilie<l  it  is  much 
longer.  Gosse's  notes  and  figures  are  often  inaccurate,  however:  for  example,  he  states  that  in  this 
species  the  mastax  occui)ies  more  than  half  the  Ixnly  length,  while  in  his  figure  it  does  not  occupy 
one-third  the  l)ody  length.  I  have  thought  it  best,  therefore,  to  give  this  species  Gosse's  name,  at 
east  until  one  corresjKmding  more  exactly  to  Gosse's  description  is  found. 

No  description  or  figure  of  this  sjK^cies,  except  that  of  Gos.se,  has  l>een  pulUished. 

Distribntuni. — In  America:  Put-in  BiiyHarlK>r  and  Ea.st  Harlxir.  Lake  Erie:  Graveyanl  Pond, 
Pres(ine  Isle,  near  Erie,  Pa. :  near  **  The  Cottages."  Long  Point.  Canadti.  on  north  shore  of  Lake  Erie. 

In  Europe:  Englatid  (Hudson  &  Gosse.  l^sih:  Ireland  (Glassrott.  189:^):  Wiirttemlx^rg,  Gi?r- 
many  (Bilfinger,  1892):  Gr.  Ploner  S«*e,  Germany  (Zacharias.  1H9:{):  near  Bii.sel.  S^A^itzerland 
(Temetz.  isy2):  Lake  NurmijarNi  in  Finland  (Stenroos,  1898):  Bohemia  (Petr,  1890). 

Also  in  Ceylon  (Daday,  l"^-^^)- 

20.  Rattulus  macerus  Goss«'  (i)l.  v,  figs.  5^3,  54). 

Synonyms:  Sftisti(jtH»'rvn  mact  ni  (io^w<'  ilssih;  3/fiJ< hV^fx-rn  »i /rwi/ormix  Levauder  (iHSHi. 

Distiugui.slnmj  rJtanicters. — This  species  is  to  Ik*  known  by  the  elongated  fusiform  body 
(sometimes  a  little  curve<l):  the  to*'  one-hxilf  t4>  two-thirds  the  length  of  the  Ixnly.  the  short  spur 
(figs.  ii3,  54,  sj).)  projeetiitij  Iniekintnt  from  the  base  of  the-tae  when  the  latter  is  bent  forward,  and 
the  single,  very  small  and  inconspicuous  tooth  at  the  right  anterior  e<lge  of  the  lorica. 

Externa  I  features. — The  Ixnly  is  elongated  and  fu.**ifomi,  the  dorsal  surface  much  more  convex 
than  the  ventral.  In  s<^)me  specimens  (fig.  'hi)  the  bnly  is  slightly  curved.  The  head-sheath  is 
marke<l  off.  as  usual,  by  a  slight  con.strictiou.  It  l^ears  at  its  anterior  margin,  to  the  right  of  the 
dorsal  middle  line,  a  small,  very  inconspicuous  tooth.  This  tooth  is  very  ea,sily  overl<x)ked,  beii  g 
hidden  commonly  by  the  fleshy  head:  it  was  not  observed  by  Gosse  or  Levander.  What 
corresixmcis  to  the  ridge  or  striated  area  is  not  strongly  marked:  in  contracted  specimens  (fig.  58)  it 
may  l)e  noticed  as  a  broa<l,  elevattnl  area  extending  l>ackward  from  the  region  of  the  tooth.  In 
fully  extended  sj^ecimens  it  can  hardly  l>e  seen  at  all. 

The  corona  has  not  l>een  studied. 

AnteiiHiF. — The  dorsal  and  lateral  antenna*  are  in  the  usual  positions,  the  former  a  little 
behind  the  constriction  separating  off  the  head-sheath:  the  latter  on  the  ix>sterior  fourth  of  the 
lorica,  at  the  si«les. 

Foot.— The  foot  is  slender  and  cylindrical.  It  bears  at  its  tip  a  spur,  which  is  described  in  the 
account  of  the  toes. 
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T(je8, — The  luaiii  toe  is  a  nearly  8traight  hkI;  in  the  adult  (fig.  54)  about  half  the  length  of  the 
lorica;  in  a  young  8X)ecimen  (fig.  ."ili)  it  is  about  two- thirds  as  long  as  the  lorica.  There  are  two 
"substyles"  (one  doubtless  rei)re8eutiug  the  right  toe);  the  longer  of  these  is  about  one-fourth 
the  length  of  the  main  toe. 

The  most  peculiar  feature  of  the  foot  and  tot»s  in  this  species  is  a  spur-like  jjoiiit  which 
extends  backward  from  the  distal  (?nd  of  the  foot,  at  the  base  of  the  toes.  It  is  shown  in  figs.  53 
and  54  (up.)  as  well  as  in  the  figure  of  this  si)ecies  given  by  Levander  (1894).  This  spur  is  not 
found,  so  far  as  I  am  aware,  in  any  other  species.  When  the  toe  is  extended  straight  ba(^k  from 
the  Ixxly  the  sj^ur  is  not  \'isible. 

Internal  anjaiiH. — The  few  specimens  at  my  command  did  not  i)ermit  a  study  of  the  trophi. 
Otherwise  the  internal  organs  seem  to  offer  nothing  worthy  of  sjiecial  mention. 

Meaanrements. — Length  of  adult  without  toe,  0.3  mm. :  length  of  toe,  0. 14  mm. ;  total,  0.44  mm. 

Hlstorif. — RattuluH  macerus  was  described  by  Gosse  (1889)  from  a  single,  partly  disorganized 
specimen.  He  did  not  notice  the  anterior  tooth  cm  the  lorica  (which  is  very  inconspicuous),  and 
he  describes  and  figures  the  lorica  as  thicker  in  its  posterior  part.  But  in  his  sjwcimen  the  head 
and  part  of  the  internal  organs  had  flowed  out  in  a  disorganized  mass,  leaving  the  anterior  part  of 
the  lorica  collapsed,  so  that  it  is  natural  that  the  posterior  half  should  have  been  a  little  thicker 
than  the  anterior.    Otherwise  his  description  agrees  well  with  the  specimens  I  have  found. 

Levander  (1894)  described  this  animal  as  Matttigocerca  fusiformis  n.  sp.,  and  gave  a  very 
characteristic  outline  figure.  His  figure  shows  the  spur  at  the  base  of  the  toe,  but  he  did  not 
n<5tice  the  inconspicuous  tooth  at  the  right  anterior  margin  of  the  lorica  (his  figure  shows  a  view 
from  the  left  side,  where  this  would  not  Iw  seen).  It  seems  to  me  that  there  is  not  sufficient 
difference  Iwtween  the  accounts  of  Gosse  and  Levander  to  justify  considering  them  as  describing 
different  species.  Gosse's  description  is  a  little  less  full  than  Levander's,  though  both  give 
only  brief  general  descriptions — neither  of  them  mentioning  (for  example)  the  tooth  or  the  very 
characteristic  spur  (though  Levander  shows  the  latter  in  his  figure). 

Scorikow  (1896)  describes  this  s])ecies  without  a  figure.  He  considered  R.  vuiceruH  GK>sse  and 
R"  fiisifontn's  Levander  to  l)e  the  same,  but  incorrectly  included  R.  yracilis  Tessin  as  a  synonym. 

Distribution. — I  found  four  specimens  of  this  species  in  material  taken  from  the  marshy  i>art 
of  Lake  Erie  about  "  The  Cottages,"  on  Long  Point,  Canada.  Gtosse  (1889)  met  with  it  in  water 
from  W(x>lston  Pond.  Hants,  England;  Levander  (1894)  in  jwnds  and  pools  in  Finland:  Stenroos 
(1898)  in  Lake  Nurmijarvi  in  Finland;  Scorikow  (1896)  in  a  swamp  near  Kharkow  in  Russia. 

21.  Rattulus  multicrinis  Kellicott  (pi.  vi,  figs.  55-58). 

Synonym:  Mastiyoverca  multicrinis  Kellicott  dWC). 

THstingiiiHhing  characters. — This  species  is  distinguished  at  once  from  all  others  by  its  broad, 
regularly  ovate  form.  From  Rattnlna  latns  Jennings,  the  only  species  which  resembles  it  at  all  in 
general  api>earance,  it  is  markedly  distinguished  by  the  sjinmetrical  form  of  the  posterior  part  of 
the  lorica.     (Compare  fig.  57  of  J^.  viulticrinia  with  fig.  65  of  R.  latns.) 

External  features.—The  lorica  is  broadly  ovate  in  dorsal  or  ventral  view,  widest  in  the  middle 
region,  narro>ving  a  little  in  front  to  the  capacious  head-sheath  and  tapering  rajiidly  and  regularly 
behind  to  th(i  foot.  The  form  is  remarkable  for  the  almost  complete  lack  of  the  asymmetry  which 
is  so  striking  in  most  of  the  Rattnliche. 

In  side  view  (fig.  5(J)  the  lorica  swells  out  strongly  on  both  the  dorsal  and  ventral  sides. 

TluTe  is  in  tliis  species  nothing  comparable  to  the  usual  ridge  or  striated  area. 

The  anterior  part  of  the  lorica  or  head-sheath  is  not  sharply  separated  from  the  rest  of  the 
lorica,  though  there  is  a  wide,  shallow  constriction  in  its  base.  The  head-sheath  is  marked  by 
numerous  longitudinal  folds  and  the  anterior  edge  is  crenate,  each  fold  projecting  a  little  as  a 
rounded  point.  In  the  dorsal  middle  line  there  is  a  large,  prominent  triangular  point  projecting 
considenibly  beyond  the  rest  of  the  lorica.  When  the  head  is  retracted  (fig.  58)  the  head-sheath 
becomes  folded  and  the  anterior  opening  nearly  closed.  The  anterior  jmrt  of  the  lorica  then  has 
a  striking  resemblance  to  the  same  portion  in  Rattulus  eapncin us  Wierz.  &  Zach.  (pi.  vi,  fig.  59) 
and  R.  cylindricus  Imhof  (pi.  vii,  fig.  62), indicating  that  R.  multicrinis  is  closely  related  to  these. 

Corona. — This  species  shows  the  more  complicated  type  of  rattulid  corona  with  especial 
clearness  (figs.  56,  57).    The  following  parts  may  be  distinguished:  (1)  Two  large  half  circles  of 


ROTATORIA    OF   THE    CJ^ITED   STATES.  325 

cilia  about  the  dorsal  and  lateral  margins  of  the  corona  (a).  (2 1  Two  smaller  arcs  of  cilia,  one  on 
each  side  of  the  mastax  ih).  When  the  mastax  is  protruded  far  out,  it  api)ears  that  these  two  arcs 
are  actually  borne  on  the  tip  of  the  mastax  itself  (fig.  4X.  ^).  C^)  A  long,  blunt  central  pnx^ess  ie) 
})ome  on  the  dorsal  margin  of  the  corona.  (4)  A  short.  jK)inted  central  process  (c-)  just  lielow  the 
last.  (.">)  On  ea<*h  side  of  the  la.st  named  two  straight,  slender  processes  al),  the  inner  one  in  each 
pair  being  pointed,  the  outer  one  blunt.  All  these  j)r<H-essc*s  were  w»*ll  des<.Til)e<l  by  Kellicott 
(1S97).  The  ci>rona  resembles  considerably  that  of  Ruttnlus  hit  us  Jennings,  and  is  still  more  like 
that  of  R.  <uijni(-iiiuM  Wierz.  &  Zju-h..  as  descrilH^l  by  Wierzejski  &  Zacharias  ( 1^98). 

Aitfennff. — The  dorsal  antenna  is  nearly  or  (juite  in  the  middle  line,  just  in  front  of  the  line 
separating  the  head-sheath  from  the  remainder  of  the  lx>dy  (fig.  m).  The  lateral  antennie  are 
situatetl  one  on  each  .«iide.  al)out  half  way  back  from  the  middle  of  the  Ivwiy  (fig.  .Vj.  /.  a. ). 

F*in)t. — The  foot  forms  a  short  crjue,  tapering  rapidly  Xo  the  toes. 

TiH's. — The  main  (left)  toe  is  not  quite  so  long  as  the  l<>rica.  and  is  nearly  straight.  The  right 
toe  is  rudimentary-,  forming  a  .short  spine  which  lies  oliliquely  across  the  l>ase  of  the  left  or  main 
toe.  Between  this  and  the  main  toe  is  a  minute  sul>style.  and  there  is  a  similar  one  at  the  left  of 
the  l)ase  of  the  main  toe. 

Internal  organs. — The  eye  is  attache<l  to  the  large  brain  some  <listance  in  front  of  its  posterior 
end.  The  trophi  (fig.  57)  are  stout  and  almost  symmetrical,  a  condition  found  in  only  a  few  of 
the  Rattnliiite,  but  occurring  in  R.  rapucinus  Wierz.  <S:  Zach..  evidently  the  nearest  relative  cf 
R.  multicrinis  Kellicott.  The  mastax  i-an  be  protrudtKl  far  out  from  the  lorica.  as  shown  in  fig.  56. 
The  remainder  of  the  internal  structure  calls  for  no  spei'ial  remark  l)eyond  the  statement  that  this 
species  furnishes  an  excellent  opportunity  for  a  study  of  the  characteristic  internal  organs  of  the 
RattnUiUe,  these  l)eing  particularly  well  displayed  in  the  biioad  Ixxly  of  this  animal. 

Measurement H. — Length  of  body,  0.18  to  0.20  mm.:  of  toe.  0.09  to  O.KJ  mm.:  total,  0.27  to 
O.ilO  mm. 

History. — This  species  was  described  by  Kellicott  in  1897.  from  Sandu.skA-  Bay.  Lake  Erie.  It 
has  not  been  reported  by  anyone  else  until  the  present  time. 

Distribution. — Rattnlus  nmlticrinis  Kellicott  has  thus  far  not  l>een  found  el.sewhere  than  in 
Lake  Erie.     I  found  it  in  East  Harbor.  Lake  Erie:  Kellicott  ( 1S97)  in  Sandusky  Bay.  Lake  Erie. 

22.  Rattulus  cylindricus  Imhof  <pl.  vii.  fig.  02-04). 

Sync»nyin.«:   Manti[t*Hfrrn  rylindrim  Imbof  « ls91  •:  MtiMtit^nerro  :t*:ti/*rfi  Liiutt'r>x>ni  1 1«HC1  :  .\fii.'ttit)tt*'fmi  hnmntii 
21a<*harias  ilSiCt:  MoMig'tCfrrn  hmmtto,  rar.  f^thx/fM^njuis  Minkicwrii-z    ll«i>  . 

Distinguishing  charactrrs. — This  species  is  to  Ix*  distingnishe<l  ))y  the  mo<lian  ant4»rior  curve<l 
hook  which  hangs  down  over  the  anterior  o])euing  of  the  lorica  ( not  always  visil)h»  > :  by  the  longi- 
tudinal folds  of  the  head-sheath  when  the  head  is  retra<'ted:  by  the  very  long,  prominent  dorsal 
antenna  (not  always  N^sible ) :  by  the  nearly  cylindrical  IkhU*.  usually  highest  a  little  in  front  of  the 
foot:  by  the  long  toe.  nearly  or  quite  e(iiuiling.  or  S4)metiines  excfr^e<ling.  the  length  of  the  lio<ly.  and 
by  the  habit  of  carr\ing  the  eii:g  attache<l  to  the  posterior  end  of  the  lorica. 

hlrternal  fetttnrr.s. — The  body  is  nearly  cylindrical  in  form,  but  in  many  specimens  it  rises 
gradually  toward  the  jMisterior  end.  its  highest  jKnnt  lying  just  in  front  of  the  foot  (fig.  H2).  Here 
the  iKxly  falls  off  steeply  to  the  foot  ( figs.  62  and  6^^).  In  some  siKX-imens.  however,  the  l>o<ly  ta])ers 
gently  liackwanl  to  the  foot  ( fig.  64 ) .  It  was  from  such  s|)ecimens,  <mly  still  more  slender  thim  fig. 
64.  that  Zacharias's  species  MastigiH-erca  ha  mat  a  was  descril>e<l.  Tlie  dorsal  line  shows  in  si<le  ^new 
a  characteristic  slight  depression  just  l)ehind  the  dorsal  antenna,  ri.sing  again  l»ack  of  this  region. 
The  ventral  line  is  very  nearly  straight. 

The  head-sheath  is  not  sharply  set  off  from  the  rest  of  the  lorica.  though  there  is  usually  a 
gentle,  shallow  c<m.striction  where  the  lorica  pa.sses  onto  the  liead.  The  hea<l-sheath  has  longi- 
tudinal folds  similar  to  those  found  in  Rattulus  multirrinis  Kellic<»tt  and  R.  enpueinus  Wierz.  & 
Zach.  By  means  of  these  folds  the  ant"rior  opening  of  the  lorica  can  l)e  (juite  close<l  (fig.  62) .  The 
median  dorsal  part  of  the  anterior  edge  projects  as  a  triangular  point  ( as  in  the  two  spei'ies  just 
mentioned),  but  in  R.  eijlindrieus  Imhof  the  tip  of  this  i>oint  is  proU)nged  to  form  a  hor>k.  which 
bends  downward  over  the  anterior  ojieniug  of  the  lorica  (fig.  62,  CA).  This  lunik  is  thickened  just 
distad  of  the  place  where  it  joins  the  lorica.  R.  eylimlricus  Imhof  is  distinguishe<l  by  this  lKM>k 
from  all  other  siiecies  of  RattulidUe.    It  is  important  to  note,  however,  that  when  the  hea<l  is  fully 
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♦•xt<*inl(Ml  tills  hcK>k  Ih  fnspiciitly  not  visibU»:  it  stH'iiis  to  l>e  either  tnnnMl  bjick  or  hidden  by  the 
eiliii.  Sucrh  li  vhm*  \h  shown  in  fi^.  <>'J.  This  fiM*t.  if  not  «*!irefnlly  noted,  is  likely  to  h*ad  to  incor- 
n»rt  deterniinHtions  of  siM'ciniens  n«>t  showing  the  ht)ok.  Then*  is  ii  slight  furrow  juissinji:  liac-k 
from  the  1kim>  of  tint  h(M)k  in  the  dorsal  intnlian  line  for  ulnMit  one-third  tht;  length  of  the  lorica. 
and  this  fnrrow  is  niarkiMl  with  faint  cross-striations.  We  have  in  this  s]M»<.'ies.  th*»refore.  a  slightly 
niark<Nl  "  striated  area."  which  s«»enis  to  In*  (piite  hu'kin^  in  its  nearest  relatives,  R.  miiiticn'HU 
Kellicott  and  A*,  vtifturimis  \Vi»TZ.  «SSr  Zsu-h. 

f 'oro//r/.--The  eorona  lias  not  Ix'en  stndiiMl  th«»rouKhly.  Tlie  ]>res*'rv(Hl  siH*ciniens  at  my 
dis]N)sal  did  not  jH'rinit  of  sneh  study.  There  are  two  sl«*nder.  lateral,  antenna-like  apiM^nda^^es. 
however,  as  seen  in  ti^.  •i-^ 

Aiitvnntv,  -  Th«' dorsiil  antenna  is  lon^^  and  nsnally  very  prominent,  as  shown  in  fi^s.  <W  and 
(iil.  In  other  raH«*s  it  is  merely  a  bundle  of  slmrt.  hair-like  ])ro<*esses  (fij;.  ^W),  while  in  still  other 
])reM*rved  siN^'imens  I  have  lutt-  Imh'ii  able  to  see  it  at  all.  In  thest*  otst's  the  antenna  may  have 
iHM^n  injured. 

TiauterlN»rn  (l.sJW)  des(TilM*d  this  si)e<*ies  as  new  under  the  name  MaatigiHwrca  Hetifvtti, 
merely  lMM'aus<'  Imhof  (l^^tM)  did  not  mention  the  dorsal  antenna  in  his  ori^nal  deseription. 
LauterlHirn  held  that  owin^  to  the  pr«»mineiiee  <if  the  doi*sal  antenna  it  eould  not  have  lj«H*n  over- 
looked if  Imhof  had  really  had  this  sinu-ies  l)efore  him.  This  is  nepitived  by  the  fart,  just  stated. 
thatsp:M'iniensareoft4'n  met  with  in  whieh  tlieant(>nna  is  incons])icuous«ir  invisible.  Minkiewicz 
( IJMM))  descrilN'd  this  siime  sinn-ies  ain»w — a^rain  without  mention  of  the  dorssil  antenna — though 
s|N>eim(>ns  of  his  sptn-ii's.  riMM'tved  throuj^h  his  courtesy,  sh<iw  the  prominent  anttMina  clearly.  It 
is  thus  evitlent  that  be<'ause  the  antenna  is  not  ni»»ntioned  in  a  di*.scription  one  can  not  conclude 
that  it  is  non(>.\istent  nor  even  thtit  it  is  incon!4])icU(»us.  The  name  Mnsfi(fitrrrvit  srtifvru  has  theiT- 
f»in*  no  foundation  and  must  Ih»  con.'^idtM'ed  a  synonym  of  A*,  rifii ml rirus  Imhof ." 

The  hiteral  ant«*iin?e.  as  Hiltin^«>r  (IXSM^  has  sluiwn,  an»  strikingly  unsymmetrioal  in  ])4>sition. 
The  left  is  on  the  tiank,  at  alniut  the  middle  t»f  the  length  t>f  the  lorica  (ti^.  <»•$).  while  the  ri^ht  is 
far  Iwick,  almost  exm-tly  at  the  junction  betwiH'u  the  lorica  and  f«H»t. 

FtM»t.     The  fiM)t  is  verv  small,  and  not  clearlv  marked  otT  from  the  n»st  of  the  IhkIv. 

Tom.  In  this  M]H'cies  the  <lisi)n)iH»rtion  lH»tw<M*n  the  ri^htand  left  t«N>s  has  reached  its maxiiumn. 
The  ri^^ht  is  a  mere,  minute,  scale-like  bristle,  hardly  noticeable,  while  the  left  (fonninfc  the  **t<H» 
projM'r**)  is  a  lon^.  straij^ht  hmI.  almost  or  (piite  as  hni>j  as  the  entire  IkmIv  »)f  tln'  animal.  There 
is  a  small  sulistyle  on  the  outer  si(U>  ttf  the  main  tin',  m^arly  as  lon^  as  the  rudlmentiiry  ri^ht  toe 
(fijj.  lU).     TIm'  latter  lies,  as  usual.  a«To.ss  the  Iwise  of  the  main  tiK'. 

Iiitrnmt  unjans.—  TXw  eye  is  situated  at  alHiut  the  middle,  »)r  a  little  In'hind  the  middle,  of  the 
hmtz  brain  itij;.  *U).  The  tropin  have  not  Ix'en  thorouj^hly  studied.  The  .sjMH-imiiis  which  I  liave 
had  at  hand  have  not  sht»wn  the.s*'  ch»arly.  According  to  BilfiuKer  (I SIM  >,  they  are  nearly  sym- 
metrical. The  ovary  (tijj.  <»*.  •"*•  ^  msiy  1h»  stvn  to  be  <"onne«*ted  lH>hind  with  the  <'loaca.  The  egg 
is  carried  in  this  s|HH-ies  attaclusl  to  the  ]M»sterior  ])art  i>f  the  lori<'a,  aUivt*  the  f<H»t  (fi^.  ♦^-i.  No 
other  siu't'ies  »»f  the  lUittiiliiUv  is  kmtwn  which  thus  carries  tlh*  e^^jc  with  it.  The  other  internal 
organs  call  ft>r  no  siHu-ial  remark. 

.l/rii,s«r«m#/iN.— Length  of  lM^ly,0.'Jii  mm.  t«»  n.:M  mm.:  «>f  t«MMi."j:{mm.  toO.;{'Jmm.:  total.  0.49 
mm.  tt>  K\A\:\  mm. 

Uistitvit.  This  .siH'cies  was  desiTilM'd  briefly,  without  a  figure,  by  Imlu>f  (I'^iM  ).  In  \>^V^  Lan- 
terlH»rn  redeM-riU'd  it.  at  first  idiMitifying  it  with  Imhof's  siHH"i»'s,  but  in  a  i)«»sts<'ript  to  his  ]hi]mt 
giving  it  a  new  name  {Mast iff* tnrrti  srti/tni),  b(>caus(>  Imhof  had  failed  Xo  mention  the  ]m»minent 
doi'Sjil  antenna.  (S'c  the  account  of  the  dors:d  antenna  al)«>ve.)  The  first  figure  of  this  s]MH'ies 
was  given  by  Hiltinger  ^  ISiM).  together  with  a  gi»od  description.  Zacharias  i.  isi»7»  redesi'ril>e<l  the 
animal  under  the  name  Mdstiifnnrr*!  hunmtit.  The  specimen  tigun"d  by  Zacharias  shows  a  more 
slender  f»»rm  than  any  of  the  otlu'r  figures  given,  and  tlie  l^nly  s1o]h>s  even  more  gradually  to  the 
fiH»t  than  in  my  fig.  «U.  Hut  as  thest»  points  are  cle.-irly  very  variable  (i'om]uire  fig.  (»*,*  and  fig.  tWK 
and  Zacharias's  specimens  agn^Ml  in  t>ther  points  with  this  stnkingly  characterized  f»>nii,  esiK.»i*ially 
ill  th«»  luH»k   and  thi»  very  li»iig  \\h\  it  seems   ln»yi»nd  d^mbt  that  his  s|H»cies  is  the  same  an  H. 

■"  Ir"  ilii-*  wi'n*  ih»t  iloiM'.wi' nIiihiM  U-fitntMl  ti»  thi»  .ll»^«u^^li^y  i>r  iili'iitifyiii^  ii^*  /»'  i7//iii«/rj«r»«  tliix4>  s)ii*i'{ineiiH  in 
wliK'h  i\«r  any  rouxiu  wr  i'\iuKl  iii»t  m***  llii*  iiiitonna.  whiU*  «»Tlu'i*s  wouUl  rivrivo  tho  utiiiio  /•*.  sfti/rr. 
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cylindrietts  Imhof.  Finally,  Minkiewicz  (19()())  retlestTibed  and  figured  this  spetnes  under  the 
name  Mcuftigocerca  ftamafa  var.  Ixtloijoensis. 

Distribution. — I  have  found  this  species  in  East  Harbor,  Lake  Erie,  near  Sandusky.  Ohio.  Speci- 
mens were  also  sent  me  by  Prof.  E.  A.  Birge  from  inland  lakes  in  Wi.sconsin. 

In  Europe  this  s])ecies  has  been  recorde<l  as  follows:  Bayous  of  the  Rhine  (Lauterlx>m,  1893); 
Wurttemberg,  Germany  (Bilfinger,  1894);  Lake  Bologoe  in  Russia  (Minkiewicz,  19<M)):  a  pond  in 
Germany  (Zacharias,  1897). 

23.  Rattulus  capucinus  Wierzejski  &  Zacharias  (pi.  vi.  figs.  .■)9-<51). 

SynonynLs;  yftnttiyttctrrft  ntpucina  Wierzejski  &  2^'haria.s  dSitli;  MimtiijiM't-mi  hudnnni  Lanterboni  ilKit^). 

Distinguishing  rlmravters. — ThLs  species  is  at  once  distiiiguislied  from  its  neare.st  relative, 
R,  multicrinis  Kellicott.  by  the  elongated,  cylindrical  form  of  the  ImkIv.  From  all  other  known 
species  it  is  distinguished  by  the  large  triangular  i)roje<-tion  of  the  lorica  ul)ove  the  head,  a 
character  which  it  shares  with  R.  }nuJtirrinis  Kellicott  alone. 

External  features. — The  1m  )dy  is  an  elongated  cylinder,  somewhat  curve<l  toward  the  ventral 
side,  as  shown  in  fig.  60.  There  api)ears  to  l)e  consi<lerable  variation  in  the  propf^rtions  of  the  l)ody. 
Those  studied  by  the  author  (fnmi  Germany,  obtained  through  the  kindness  of  Mr.  C.  F.  Rousselet) 
were  of  the  projKjrtions  shown  in  figs.  00  and  61 :  but  the  figures  of  Wierzejski  &  Zacliarias  ( 1893) 
show  a  much  shorter  animal,  while  the  figure  of  Lauterborn  ( 1H93)  is  still  shorter,  and  the  ventral 
surf  acre  forms  almost  a  straight  line.  The  s]^cimens  which  I  have  examined  agree  more  nearly  in 
their  proportions  with  those  found  by  Levander  ( 1894)  and  Stenroos  ( 1898)  in  Finland.  The  lorica 
seems  to  have  nothing  which  can  be  compared  with  the  ridge  or  the  striated  area  in  most  Rattnlidie. 

The  head-sheath  is  set  off  by  a  markecl  constricti^ni  from  the  remainder  of  the  lorica.  There 
are  many  hmgitudinal  seams  at  which  the  sheath  folds  when  tlie  head  is  retracte<l  (fig.  59). 
Between  these  seams  the  parts  of  the  head-sheath  project  at  the  anterior  margin,  so  that  the  edge 
is  crenate.  The  dorsal  |)art  of  the  head-sheath  runs  out  to  a  strong  triangular  iM)int.  projecting 
far  over  the  ventral  e<lge  of  the  lorica.  This  gives  the  retract^^n^l  head  the  app<.'arance  of  a  capucin 
cap,  whence  the  specific  name.  The  whole  structure  is  almost  identical  with  that  of  R.  multicrinis 
Kellicott. 

Cnrona. — The  corona,  according  to  Wierzejski  &  Zacharias  (1893).  is  very  .similar  to  that 
descrilie<l  al)ove  for  R.  multicrinis  Kellicott.  There  are  two  central  antenna-like  pr(K*esses,  tlie 
more  dorsal  one  l>eing  longer,  and  two  lateral  ])r(x:esses  on  eac-h  side.  There  are  likewise  two  dorso 
lateral  semicircular  wreaths  of  cilia.    These  are  shown  in  fig.  61 . 

Antenna'. — The  dorsal  antenna  has  not  been  ol)served  in  this  animal.  The  lateral  antenna* 
are  in  the  u.sual  position  on  the  flanks,  alK)ut  half  way  Imck  from  the  middle  of  the  Innly  (fig.  (M)). 

FiH)t. — The  f(X)t  is  a  short,  conical  structure.  It  is  overhung  on  its  dorsal  surface  by  a  roof- 
like backward  projection  of  the  lorica  (fig.  60). 

Tof^x.— The  main  (left)  toe  is  a  nearly  straight  nxl  ab<iut  half  the  length  of  the  Ixxly.  The 
rudimentary  right  toe  is  one-fourth  to  one-third  the  length  of  the  main  toe.  jind  lies  across  the 
proximal  j>art  of  the  latter.     A  small,  scale-like  sul)style  lies  against  the  side  of  th<»  main  toe. 

Internal  (trgans. — These  call  for  no  special  remark,  save  in  the  ca.se  of  the  trophi.  These, 
acx'ording  to  Wierzejski  &  Zacharias  (1893),  are  not  unsj-mmetrical. 

Measurements. — Length  r»f  body,  0.30  mm.;  of  toes,  0.12')  mm.;  total,  0.42.")  mm. 

History. — This  8pe<*ie8  was  destrribed  in  1893  by  Wierzejski  &  Zacharias.  under  the  name  Mas- 
tigtwerca  capucina.  In  the  same  year  Wierzejski  (1893)  gave  a  description  (in  Polish )  and  rei:)eate<l 
the  figures  given  by  Wierzejski  &  Zacharias  (1893),  while  Zacharias  (1893)  als<j  gjive  a  ])rief 
des<.*ripti<in  and  a  new  figure.  In  the  same  year  Lauterborn  ( 1893)  descril^ed  this  animal  as  Masti- 
gocenti  htulsoni.  A  figure  and  brief  description  were  given  by  Levander  in  1894.  and  notes  by 
Stenr(X)s  (1H98). 

Distribution. — In  America:  Lake  St.  Clair  and  West  Twin  Lake,  near  Charlevoix,  Mich. 

In  Europe:  Gr.  Ploner  See.  in  Germany  (Zacharias,  1893);  liayous  of  the  Rhine  (Lauterborn, 
1893);  Wurtteml)erg,  Germany  (Bilfinger.  1894):  Galicia,  Austro-Hungary  (Wierzejski,  1S93): 
Lake  Nurmijarvi  in  Finland  (Stenr<x)s.  1H98);  Lohijarvi-SetMu  Finland  (Levander,  1894):  River 
Oudy  near  Kharkow,  Russia  (Scorikow,  1896);  Lake  Bologoe  in  Russia  (Minkiewicz,  11M)0). 
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24.  Rattulus  longiseta  Sclirank  (pi.  viii,  figa.  67-72). 

Synonyms:  Bracfn'onuit  rattmt  Sc'hrank  ( 1T93»:  Vuginarin  hmgisetn  Schrank  (1808);  ^fonttcerco  hironiis  Ehrenberyr 
(1830,  1838 1 ;  Monocerca  cornuta  Eyferth  (187H);  Acanthodactyhut  bicornitt  Te«»iiTHlWi\K  Maftt itforerra  Wromix 
Hudson  &  Oosfto  (1889). 

Diatinguishlng  characters. — The  c.harat'teristic  features  of  this  animal  are  the  two  long  spines 
at  the  anterior  dorsal  edge  of  the  lorica.  Of  these  the  right  is  much  longer  than  the  left.  The 
only  species  which  at  all  resembles  this  is  Rattidiai  ntscuH  Stenr(K)s.  which  is  said  to  have  the  spines 
at  the  ventral  anterior  margin  inst^^ad  of  the  dorsal  (Imt  see  the  account  of  that  siHM'ies.  p.  341 ). 

External  feat  II  res. — The  body  is  usually  fusiform  in  shape:  when  well  ext(»nded  it  is  elongated, 
widest  at  about  the  middle  or  a  little  in  front  of  the  middle,  and  tai)ering  thence  regularly  back- 
ward to  the  foot.  But  the  form  of  the  lorica  varies  greatly  with  the  degree  of  extension  of  the 
animal,  as  w^ell  as  with  the  age  of  the  individual.  Young  specjimens  are  often  broadest  near  the 
anterior  end  (especially  when  the  head  is  retracted,  fig.  68),  and  the  body  is  slender  and  tapers 
rapidly  to  the  foot.  The  lorica  is  flexible  and  i)ermits  great  ('hanges  of  form  in  one  and  the  same 
individual.  When  strongly  retracted  the  animal  is  shorter  and  thicker,  and  the  bcnly  Ixicomes 
almost  oval  in  form  (fig.  70).  The  anterior  portion  of  the  lorica  or  head-sheath  is  not  distinctly 
marked  off  from  the  rest  in  this  specaes,  though  a  notch  at  the  i)oint  of  separation  can  usually  be 
detected  on  the  ventral  side  when  the  animal  is  retrace  ted  (fig.  70). 

The  lorica  is  marked  on  the  dorsal  surface  a  little  to  the  right  of  the  middle  line  by  a  shallow 
hmgitudinal  furrow,  passing  Imckward  from  the  aut<^rior  end  to  al)out  the  middle  of  the  length  of 
the  }K)dy  (fig.  67).  The  direction  of  the  furrow  is  slightly  oblique,  ita  anterior  end  l>ing  a  trifle 
farther  to  the  right  than  its  posterior  end.  The  furrow  is  marked  by  transverse  striations,  really 
muscle  fibers,  attached  within  the  two  ridges  which  form  the  boundaries  of  the  furrow.  These 
two  Ixmnding  ridges  i)roject  at  the  ant^^'rior  margin  of  the  lorica  as  two  long  si)ines,  forming  the 
most  characteristic  feature  of  this  animal.  The  right  one  of  the  two  spines  is  the  longer,  usually 
twice  as  Icmg  or  more  than  twice  as  long  as  the  left.  (Wel)er.  1898,  figures  the  left  spine  as  the 
longer,  and  Gosse,  1855,  states  that  the  left  spine  is  the  Icmger  in  this  si)ecies.  It  is.  of  c^mrse.  pos- 
sible tliat  there  is  variation  in  this  matter,  but  I  exaniine<l  a  large  number  of  preserve<l  siiecimens 
with  this  matter  in  mind,  and  found  that  in  all  cases  the  right  spine  was  longer.) 

The  head-sheath  has  longitudinal  plaits  or  flutings.  where  folding  takes  place  when  the  head 
is  retracted.  The  anterior  margin  of  the  lorica  differs  exceedingly  in  the  contracted  and  expanded 
conditi(ms.  In  a  fully  extended  living  individual  (fig.  67),  the  anterior  part  of  the  lorica  is  wide 
oi)en,  and  the  margin  shows,  in  addition  to  the  two  long  dorsal  teeth,  four  or  more  minute  innnts, 
lateral  and  ventral.  There  is  usually  no  tra^te  of  the  lonj^itudinal  folds  so  prominent  in  the 
retrac^ted  individual.  In  retracted  specimens  (figs.  68,  70) ,  on  the  other  liand,  the  anterior  oix^ning 
is  much  smaller,  and  many  ridges  and  grooves  are  visible,  owing  to  the  folding  of  the  lorica.  Each 
of  the  longitudinal  ridges  nms  out  to  form  a  small  point  or  tooth,  so  that  the  anterior  margin 
seems  to  l)ear  many  teeth. 

(Urrona. — The  corona  bears  a  large  dorsal  frontal  i)rocess:  otherwistMt  has  not  Ikhui  thoroughly 
studied. 

Aittmno'. — The  dorsal  antenna  lies  within  the  striated  furrow,  a  short  distance  from  the 
anterior  (»nd  (fig.  67).  The  two  lateral  anteniue  are  in  the  usual  position,  one  on  each  side,  about 
one-fourth  the  l)ody  length  in  front  of  the  foot.  In  s|)e<'imens  where  an  exact  com])arison  between 
the  two  was  xxwsible.  the  left  antenna  was  situated  a  little  anterior  to  the  right. 

Foot. — Tlie  foot  is  a  short,  c(mical  structure,  attac'lunl  to  th(^  })ody  only  slightly  o})li(iuely,  so 
that  its  movement  is  not  so  nearly  limited  to  a  turning  to  the  right  as  we  find  it  to  l>e  in  many  of 
the  RattuU<hv. 

Toes. — The  right  toe  (fig.  69.  /•.  t.)  has  nearly  disapjieared ,  so  that  it  is  customarj-  to  speak  of 
the  left  one  as  the  toe.  while  the  right  is  (*hissed  merely  with  Wm  substyles.  The  main  toe  is 
usually  about  two-thirds  the  length  of  the  body.  The  substyles  are  small  scales,  one  of  which  lies 
on  each  side  of  the  main  toe  and  the  rudimentary  right  toe.  The  latter  lies  a  little  alK)ve  the  main 
toe,  with  its  tip  against  it. 

Internal  organs. — The  eye  is  attach e<l  to  the  brain,  and  in  a  dorsal  view  lies  usually  consider- 
ably to  the  left  of  the  dorsal  furrow  on  th(?  lorica.  The  trophi  (figs.  71  and  72)  are  uns>inmetrical, 
the  right  malleus  T)eing  much  more  slender  than  the  left.  (For  a  full  description  of  tlie  trophi  in 
this  species  see  the  general  account  of  the  trophi.  p.  289.) 


ROTATOKTA  OF  THE  TNITED  STATES.  329 

Measurement H, — Length  of  iKxiy  without  \oe  or  anterior  spines.  0.:^  mm.:  length  of  toe,  0.20 
mm.;  length  of  longest  anterior  spine.  0.00  mm.:  total.  O.oO  mm. 

History. — This  is  one  of  tlie  l>est  knowni  of  the  R(ittiili(hv  and  ha.s.  ever  since  the  time  of 
Ehrenl)erg.  gone  under  the  sjK^cific  name  ln'c(n'in's.  though  Ehrenl)erg  admitted  that  Schrank's  name 
l(mifist't(i  was  the  first  one  given. 

The  animal  was  first  deserilxMl  hy  Schrank  in  170:J.  He  confounde*!  it  at  that  time  with  Rat- 
tuliis  lattiis.  and  gave  it.  therefore,  the  name  Brdchiomts  nittus.  In  ls()2  Sehrank  recognized  the 
distinction  l)etween  this  and  HattulnH  vattHs.  and  gave  the  present  animal  the  specific  name  longi- 
svtn,  pla<*ing  it.  along  with  a  heterogeneous  gi*oup  of  organisms,  in  the  gemis  Vaginaria.  The 
specific  name  longisrta  must,  according  to  the  rules  of  i)riority.  lie  used  for  this  animal  in  place  of 
EhrenlK*rg*s  name  Ipicornis.  Elir*'nl)erg  (is;^())  recognized  this  animal  as  Sclirank's  species,  but 
changed  the  name  to  iH'ronn's,  Invause  lie  thouglit  this  name  more  ai)propriate  than  longiseta. 
This  pr(x;eeding  is.  of  course,  not  a  justifiable  one  according  to  the  rules  of  nomenclature. 

The  only  sjTionym  wliich  has  been  jwlded  for  the  sjiec'ific  name  since  the  time  of  Ehrenberg  is 
the  Momtcrrea  ntrunta  of  Eyferth  ( ISTS),  There  can  l)e  no  (question,  it  seems  to  me.  that  this  is  the 
same  species  {is  Hattnlns  longiseta  {Monorcrra  hiconiis).  Eyferth  himself  seemed  of  that  opinion, 
saying  that  even  if  this  is  the  same  species  as  Ehrenl)erg*s  bieornis,  the  name  must  be  changed  to 
cornuta,  and  giving  the  new  name  eornnta  with  a  mark  of  interrogation.  The  new  name  was 
})ased  upon  the  number  of  teeth  at  the  anterior  edge  of  the  lorica,  but  Eyferth's  account  (1885)  of 
these  agrees  very  closely  with  what  may  l)e  ()l)serve<l  in  Hattnlns  longiseta,  save  that  he  considered 
one  of  the  two  long  spines  to  be  an  antenna,  an  error  similar  to  that  which  he  made  in  the  case  of 
IHnrella  Htylata  (q.  v.). 

Eyferth  says  that  in  Monocerca  eornnta  there  is  a  dorsal  ridge,  ending  in  a  spine,  and  that  at 
the  sides  and  on  the  ''  cliin  "  at  the  anterior  edge  there  are  two  pairs  of  smaller  points,  statements 
which  are  true  for  R.  longiseta,  as  shown  in  fig.  07.  He  did  not  recognize  the  doubleness  of  the 
ridge  nor  of  the  spine,  errors  of  a  character  which  were  frecpiently  made  at  that  time  and  which 
(K-(;ur  rejieatedly  in  Eyferth's  account  of  the  Rattnlidtp.  Hudson  &  Gosse  (1889.  Supplement, 
p.  lii})  have  ma<le  quite  unnei-essary  difficulties  for  the  recognition  of  Monoeerea  eornnta  Eyferth 
as  Rattnlns  longiseta  (Mfnioeerea  bieornis  Ehrenberg)  by  altering  and  adding  to  Eyferth's  descrip- 
tion, though  their  a<:'count  is  supposedly  taken  from  that  of  Eyferth.  They  .say  that  the  two 
lateral  teeth  are  half  the  length  of  the  dorsal  spine,  though  Eyferth  m.ikes  no  such  statement.  In 
Eyferth's  figure  the  exact  ])osition  of  the  real  anterior  edge  of  t\u*  lorica  is  not  discernible,  so  that 
the  relative  length  of  the  sjmies  can  not  1h3  judged  from  this.  Hudson  &  Gosse  add  "nosulv 
styles,"  though  Eyferth  states  exactly  the  contrary.  A  comparison  of  fig.  r»8  of  the  present  jmper 
with  Eyferth's  fig.  24,  Taf.  vii  ( 18H.")).  will  show  at  once  how  such  a  figure  as  that  of  Eyferth  could 
Ik?  ma<le  from  the  present  si)et!ies. 

The  following  figures  or  descriptions  of  this  animal  have  l>een  given  (doubtless  the  list  could 
lx*increa.sed):  Schrank  (1798, 1802. 180:^):  Ehrenl)erg  ( lH:{(Ms:i8):  Dujardin  (1841):  Perty  (18.j2):  Ley- 
dig  (1854):  Pritchard  (1861):  Barts<-h  ( 1870. 1877):  Eyferth  (1H7S.  188.-)):  BlfK-hmann  (1880):  Teasin 
(18811):  Hudson  «fe  Gosse  (1889):  Bilfinger  (1892):  Bergendal  (1H92):  Glas8c<»tt  (1898):  Wierzejski 
(1898);  Eckstein  (lH9r));  Scorikow   (189(>):  Stenroos  (189H):  Wel)er  (1S98):  Jennings  (1900.  1901). 

Distrilnition. — In  America:  Rattnlns  longiseta  Schrank  is*  common  amid  plants  in  lakes  and 
streams,  though  it  rarely  (K-curs  in  large  numbers.  I  have  recorded  its  presence  in  the  following 
])laces:  Put-in  Bay  Har]>or  and  East  HarlM)r.  Lake  Erie:  marsh  on  the  shores  of  Lake  Erie  at  *'  The 
Cottages."  Long  Point.  C.inada:  Huron  River  at  Ann  Arlxir.  Mich.;  Lake  St.  Clair:  Chipj^ewa 
Lake.  M<»costa  County.  Mich.;  Round  Lake  and  Pine  Lake  at  Charlevoix,  Mich:  jiools  at  Hanover, 
N.  H.  Other  o]>servers  have  recorde^l  it  as  follovrs:  Pond  near  Bangor.  Me.  (J.  C.  S.,  1883) ;  waters 
connected  with  the  Illinois  River  at  Havana.  111.  (Hemi)el.  1898). 

In  Europe  (onlyt>i)ical  localities  given):  Germany  (Ehrenberg.  18:W.and  many  other  authors) : 
England  (Gosse.  18S9):  Ireland  (Glasscott.  1898):  Hungary  (Biirtsch.  1H77):  Greenland  (Bergendal, 
1H92):  Bohemia  (Petr,  1890):  Russia  (Scorikow.  1890):  Finland  (Levander,  1H94):  Tyrol  (Dalla 
Torre.  1889):  Austrian  Poland  (Wierzejski,  1898);  Switzerland  (Weber,  1898);  Roumania  (Cos- 
mo\ici,  1892). 
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26.  Rattulus  bioristatus  Gosse  (pi.  ix,  figs.  77-^). 

Synonym:  Mtisfigocercn  bicruttafn  Ckjiwe  (1X80). 

Distinguishing  charticters. — This  very  large  si)ecie8  is  distinguished  from  all  others  by  the  two 
high  dorsal  ridges  passing  from  the  anterior  end  l>ackward  for  about  three-fourths  the  length  of 
the  lorica.  From  Rattulus  viuctisus  Stokes,  the  only  other  species  which  has  two  prominent 
ridges,  it  is  distinguished  by  the  greater  height  and  length  of  the  ridges;  these  in  the  last-named 
species  extend  only  about  one-half  the  It^ngth  of  the  lorica,  or  less,  and  they  are  much  lower  than 
in  R.  hicristatus.    The  two  species  differ  in  many  other  resi)ect8  also. 

External  features. — The  body  in  side  \'iew  (fig.  77)  is  oblong,  two  to  three  times  as  long  as 
wide,  the  dorsal  line  forming  a  nearly  regular  arch  from  head  t«  foot,  the  ventral  line  less  convex 
and  notched  at  the  junction  of  the  head-sheath  with  the  rest  of  tlie  lorica.  The  Ixnly  is  not  so 
thick  from  side  to  side  as  it  is  dorso-ventrally,  a  dorsal  view  (fig.  78)  showing  an  oblong  form,  the 
length  about  three  times  the  width. 

The  whole  appearance  of  the  animal  is  dominated  by  the  two  great  longitudinal  ridges. 
These  begin  at  the  anterior  end,  some  distance  apart,  and  extend  Itackward  and  a  little  to  the  left, 
ending  about  one-third  the  length  of  the  body  from  the  beginning  of  the  foot.  The  ridges  are 
high,  thin  at  the  edges,  and  grow  thicker  toward  their  liases.  They  inclose  l)etween  them  a  wide 
V-shaped  trough  (fig.  78). 

Within  the  ridges  are  broad,  well-define<l  bands  of  muscle  fil)ers,  passing  from  the  upper  part 
of  each  ridge  to  the  floor  of  the  furrow  Iwtween  them.  These  bands  evidently  correspond  to  the 
transverse  striations  ot*curring  in  other  sjiecies:  the  fibers  are  not  usually  grouped  into  distinct 
bands,  as  they  are  in  R.  hicristatus. 

The  head-sheath  is  marked  off  from  remainder  of  lorica  merely  by  a  slight  constriction,  largely 
oonfined  to  ventral  side.  The  ridges  continue  on  hea<l-sheath  to  anterior  margin.  There  is  a  slight 
notch  between  the  ends  of  the  two  ridges  (fig.  78).  and  a  very  slight  one  on  the  ventral  side. 

Corona. — The  corona  is  of  the  usual  chanicter.  It  l)ears  two  slender  lateral  processes  (fig.  77); 
a  medial  dorsal  process  has  not  been  observed. 

Antenncp, — The  dorsal  antenna  is  situated  at  the  l)ottom  of  the  gr(X)ve  midway  between  the 
two  ridges  (fig.  78).  In  the  retracted  specimen  the  eyt^  api)ears  just  in  front  of  it.  The  lateral 
antenniB  (fig.  78)  are  in  the  usual  iM)sition,  a  short  distance  in  front  of  the  l)ase  of  the  foot. 

Foot. — The  foot  is  rather  large,  conical,  and  so  atta^^hed  to  the  lorica  that  it  can  bend  to  the 
right  and  ventrally,  but  not  to  the  left  nor  dorsally. 

Toes. — There  is  a  single,  very  long,  curved  toe,  accompanied  by  numerous  substyles  (fig.  79). 
One  of  these  substyles  is  Icmger  than  the  others  and  may  represent  the  rudimentary  (right?)  toe. 
But  the  primitive  arrangement  seems  entirely  lost,  so  that  it  is  not  jKKssible  to  demonstrate  this  or 
to  show  certainly  which  of  the  two  original  toes  is  represented  by  the  main  (me.  Th(»  length  of 
the  main  toe  is  in  young  individuals  equal  to  or  greater  than  that  of  the  Ixnly;  in  larger  sjiecimeng 
the  toe  is  somewhat  shorter  than  the  l)ody.  As  many  as  eight  sulwtyles  can  Ixi  countetl,  in  favor- 
able specimens,  at  the  base  of  the  main  toe:  possibly  the  numl)er  is  still  greater.  They  are  much 
more  prominent  than  in  most  sixxdes,  some  of  them  standing  at  a  considerable  distance  from  the 
base  of  the  toe  (fig.  79). 

Internal  organs. — The  eye  is  situate<l  sometimes  at  the  middle  of  the  brain,  sometimes  at  its 
posterior  end.  It  lies  l)eneath  the  gnx)ve  betwtnm  the  two  ridges.  The  tropin  are  very  large  and 
strong,  and  bear  many  teeth.     The  left  side  is  less  develo])ed  than  the  right  (fig.  80). 

Rattulus  hicristatus  Gosse,  owing  to  its  great  size,  is  unusually  favorable  for  a  study  of  the 
viscera,  but  there  are  no  si>ecial  features  to  add  to  the  description  given  in  the  general  acxjount  of  the 
anatomy  of  the  Rattuli(he  (p.  288). 

Measurements. — Length  of  body,  0.25  to  0.30  mm.;  of  toes.  0.24  to  0.25  mm.;  total,  0.49  to  0.55 
mm.     Greatest  height  of  Ixxly,  0.10  to  0.14  mm. 

This  species  was  des<;ril)ed  by  (jK>sse  (1889)  in  the  supplement  to  Hudson  &  Gosse's  Monograph 
of  the  Rotifera.  Figures  or  descriptions  of  it  are  also  given  by  Glasscott  (1893.  iM)or).  StenrooB 
(1898),  and  Jennings  (1900  and  1901). 

i>istrihntion. — In  Ameriita:  This  species  is  not  uncommon  amid  the  vegetation  of  rivers,  lakes, 
and  ponds.    I  have  found  it  in  the  following  localities:  Put^in  Bay  Harbor  and  EJiist  Harbor,  Lake 
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Elrie:  West  Twin  Lake  iK*ar  Charlevoix.  Mich.:  Huron  River  at  Ann  Arbor,  Mich.     Hempel  (18d8) 
rei-onLs  it  from  waters  ronnwtetl  with  tlie  Illinois  River  at  Havana.  111. 

In  Eiiro|)e:  Dundee  Scotland  ((rosst*.  \ss\)):  Ireland  (Gla.sscott,  lx^:i:  H<xk1,  1895);  Wurttein- 
l>er^.  Germany  (Bilfinj<er,  l>:<l»4r.  Bisel.  Switzerland  (Temetz,  189*2);  Lake  Nurmijar\'i  in  Finland 
(Stenr(K)s,  is9si:  Galicia.  Au.»*tr<v Hungary  (Wierzejski.  1S93). 

26.  Rattulus  mucosus  Stokes  (pi.  X.  figs.  s*?-<n). 

Synonyms:  Mmtttg<M't'rri%  mmnso  StoktM  i1'<S*m;  Mustujitrtrrn  nrttH'tiudntuM  'RilgemXorf  «1H1I8)? 

Distimjni.shimj  r/mracttrs. — This  si)ei-ies  shares  with  Rtittuhis  hirristtttii.s  Gosse  the  i>e<*uliarit>' 
of  ha\ing  two  well-markf^d  dorsal  ridges  with  a  furrow  l>etween  them.  But  in  R.  nimiMnx  Stokes 
the  ridges  are  lower  and  extend  back  only  to  alxmt  the  middle  of  the  length  of  the  lorica;  the 
entire  animal  is  considerably  smaller  and  of  a  different  form  and  there  are  many  other  iMiints  of 
difference.  Rattnlns  innm.sns  l»ears  iinich  resemblance  in  general  form  to  R.  nittus  Mnller.  R. 
carintitus  Lamarck,  and  R.  Ittphotssus  G<*sse.  bnt  the  presence  of  the  two  ridges  distinguishes  it  at 
once  from  these. 

hU'U*rnaI  fratiin.s. — In  side  \iew  ifig.><7)  the  Ixxly  of  an  adnlt  specimen  is  broa<lly  oblong,  the 
length  lK*ing  little  more  than  twi<*e  the  depth.  The  head-sheath  is  marked  off  from  the  remainder 
of  the  lorica  by  a  slight  constriction,  most  marke<l  on  the  ventral  side.  Tlie  anterior  margin  is 
without  tei»th  or  spines.  ( hi  th«*  ventral  side  there  is.  when  the  hejid  is  retra<*te<l.  a  deep,  narrow, 
longitudinal  fold,  which  looks  like  a  gap  (fig.  x9).  and  on  the  dorsal  side  there  is  a  slight  notch 
l)etw€H»n  th«»  two  ridges. 

The  two  ridges  extend  from  the  anterior  edge  l»aclrward  and  a  little  to  the  left  to  a  point  a 
little  l)ehind  the  middle  of  the  lorica  (fig.  nH).  They  are  not  so  high  as  in  R.  hicHxtatus  Qoeae, 
and  the  furrow  l)etween  them  is  not  so  wide.  For  this  rea.son  the  two  ridges  may  appear  in  side 
view  as  but  a  single  one  (figs.  s7.  SS).  one  completely  hiding  the  other,  or  they  may  be  entirely 
overlrniked.     They  are  marke<l  with  transversa*  striations.  .«iimilar  to  those  of  R.  hirriatatus  Qoaae, 

In  young  s])tM-imens  (fig.  {H))  the  iKniy  is  narrower  lx»hind  than  in  adults  and  the  toe  is  longer 
in  proportion  to  the  length  of  the  Ixnly. 

Corona, — Tlie  corona  lx*ars  the  usual  wreaths  of  cilia  alKmt  its  outer  margin,  two  small  arcs 
at  the  sidt»s  of  the  mouth,  and  threi*  antenna-like  i)roces.st»s.  ( >u«»  of  these  is  dorsiil  and  club-shaped; 
the  other  two  are  ver>'  sk^nder  lateral  nnls. 

Anteutuv, — The  dorsal  antenna  is  situated,  not  within  the  groove  lietween  the  ridges,  as  in 
R.  hirristatus  Gos.s<».  but  to  the  left  of  the  left  ridge.  It  projects  from  a  rounded  depression  on  the 
left  side  of  this  ridge.  (This  dejiression.  though  not  the  antenna,  is  indicated  in  fig.  Sft.)  The 
lateral  anteiniie  occupy  the  usual  i)osition  on  the  sides,  con.siderably  liehind  the  middle  of  the  lorica. 

FiHpf. — The  f«M>t,  of  the  usual  short,  conical  form,  is  joined  to  the  IhkIv  in  a  more  unsvmmet- 
rical  manner  than  usual.  The  lorica  projects  far  f»ver  it  on  the  left  side  (fig.  tM]),  but  not  on  the 
right.     Thus  the  foot  and  toe  can  l)e  l>ent  to  the  right  side  ( fig.  >iS).  but  not  to  the  left. 

Toi's. — There  is  a  .single,  long,  main  t<H^.  acconii>anie<l  by  three  (pos.sibly  more)  sul)«tyles.  The 
rudimentary  right  tm*  is  here  hardly  distinguishable  from  the  sul)styles.  The  main  tf)e  is  nearly 
.straight,  and  is  fre<piently  carrie<l  for  long  j^ierioils  lient  up  again.^t  the  right  side  (as  in  fig.  SS); 
the  animal  then  swims  al>out  as  if  it  had  no  toe.  In  a  young  .specimen  (fig.  90)  the  t<x*  is  about  as 
long  as  the  IwHly:  in  older  siK^cimens  it  is  shorter  tlian  the  ImmU*. 

IiitvrnnJ  nnjnns. — These  offer  notliing  of  e.sjK*cial  inten*st.  except  in  case  of  the  trophi  (fig.  91). 
Tliese  are  very  ma.ssive,  but  the  right  manubrium  has  almost  di.sappeared.  i)en?isting  merely  as  a 
short,  slender  r<Kl.     The  trophi  are  thus  more  unsymmetrical  than  is  iLsual  in  the  genus  Rattulus. 

Measurrnwnts. — Length  of  body,  0.18  to  0.20  mm.:  of  toe.  0.1*2  to  0.15  mm.:  total.  0.30  to 
0.:r)  mm. 

Histitnj. — This  species  was  first  descril>e<l  by  Stokt»s,  in  l^iM*.  as  Maatigoeerca  mucofia.  It  had 
l>e<'n  observe*!  by  various  investigators  and  referre<l.  doubtfully,  to  Rat  in  hi, s  hicristatus  Gosse. 
Thus.  Jennings  (is<)4.  p.  19)  and  Kellicott  (1^97.  j).  50)  mention  finding  a  species  which  has  two 
ritlges,  but  d<H\s  not  agre<»  with  a<'counts  of  R.  In'rristatns  G<^>s.se.  In  addition  to  the  description 
and  figure  of  Stokes,  this  si)e<-ies  luis  l)een  figured  by  Jennings  (IJHM)  and  1901 ). 

Hilgendorf  (isl»s>  de.s<'ribes  as  MaxtiiftM-rrva  ncttKunulatus  a  8i>ecies  which  resembles  the 
present  one  in  many  resiK*cts.     Hilgendorf  d«)es  not  mention  the  two  ridges,  but  says  tnere  is  a 
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"median  dorsal  cleft''  which  is  especially  noticeable  when  the  head  is  withdrawn;  this  may  well 
have  been  the  furrow  between  the  two  ridges.  It  would  be  very  easy  to  interpret  the  structure 
as  merely  a  furrow  or  cleft,  the  ridges  being  considered  merely  the  sides  of  the  cleft.  Hilgendorf 's 
figures  are  not  detailed,  so  that  it  is  difficult  to  be  certain  of  the  identity  of  his  species;  it  certainly 
resembles  the  present  one,  and  his  account  hardly  justifies  the  founding  of  a  new  species. 

Duttribution. — This  species  is  one  of  the  most  abundant  of  the  Rotatoria  amid  the  vegetation 
of  the  shallower  parts  of  the  lakes.  I  have  found  it  in  the  following  places:  Lake  St.  Clair; 
Chippewa  Lake,  Mecosta  County,  Mich.;  Crooked  Lake,  Newaygo  County,  Mich.;  Round  Lake  at 
Charlevoix,  Mich.;  i)ond  at  Hanover,  N.  H.;  Huron  River  at  Ann  Arlwr,  Mich.,  and  at  the 
following  stations  on  Lake  Erie:  Put-in  Bay  Harbor.  East  Harbor,  Long  Point  (Canada,  near 
** The  Cottages"). 

Stokes  (1896)  found  this  animal  in  a  iM)nd  near  Trenton,  N.  J.;  Kellicott  (1H97,  under  the  name 
Mantigocerca  bicristata)  in  Sandusky  Bay,  Lake  Erie. 

New  Zealand  (?),  Hilgendorf  (1H98)  as  Mnstigoverca  nHocauddtiis. 

This  species  has  not  yet  been  recognized  in  Euroi)e. 

27.  Rattulns  oarinatus  Lamarck  (pi.  xi,  figs.  95-97). 

SynunyniH:  Triehixia  ratttut  vejiiculam  gernm  MUller  <17S6);  RattuUis  carinatus  Laman^k  (1816):  Trirhocerca 
rattiui  GoldfuMH  (ISfll));  Mou*H'frra  lonyicauda  Bory  do  St.  Vincent  (1HS4);  MuHtiyttrerra  carinata  Ehrenberg 
(1830,1838),  and  moHt  HubBoquent  authorH;  Monorerm  rarinata  Eyforth  dSK'ir,  Acanthttfiartyluit  cariiuthu 
Tesflin  (1886). 

Distinguish i7iy  cfuiracters, — This  species  is  at  once  known  by  the  high,  thin  keel  or  ridge 
extending  somewhat  more  than  half  the  length  of  the  lorica.  It  differs  from  R.  lophttessus  Gk)Bse 
in  the  fact  that  the  ridge  does  not  reach  the  entire  length  of  the  lorica.  There  are  also  differences 
in  the  toes  and  in  other  features. 

External  features. — The  body  is  a  long  oval,  widest  ne^r  the  middle  and  tapering  toward  both 
ends.  The  dorso- ventral  and  lateral  diameters  are  nearly  the  same  (c<^mpare  figs.  95  and  97).  The 
part  of  the  lorica  enveloping  the  head  is  marked  off  from  the  remainder  T)y  two  slight  (unistrictions. 
The  anterior  edge  of  the  lorica  is  quite  unarmed,  and  forms  a  gentle  curve.  lx)unding  the  anterior 
opening,  without  teeth,  angles,  or  notch.  In  the  ventral  region  the  curve  forms  a  slight  shallow 
concavity  (fig.  97) ;  at  this  point  the  lorica  can  be  folded  inward  when  the  head  is  strongly  retracted, 
forming  what  appears  to  be  a  deep,  narrow  gap. 

The  most  striking  feature  of  this  organism  is  the  very  high,  narrow  ridge.  This  begins  at  the 
anterior  end,  considerably  to  the  right  of  the  median  line,  and  extends  obliquely  backward  and  to 
the  left  (fig.  95),  stopping  a  little  behind  the  middle  of  the  body.  The  ridge  is  inclined  strongly 
to  the  right  and  is  marked  with  transverse  striations.  These  striati(ms  appear  to  be  muscle  fibers 
I)assing  from  the  top  of  the  ridge  (at  its  right  edge)  to  the  left  and  downward.  When  the  ridge 
is  seen  from  the  side  the  ends  of  the  fiber  bundles  show  the  arrangement  given  in  fig.  97.  The 
striations  extend  on  the  surface  of  the  lorica  some  distance  to  the  left  of  the  ridge  (fig.  95). 

Corona. — The  corona  has  the  usual  two  arcs  of  cilia  about  its  dorso-lateral  margin  and  two  at 
sides  of  mouth.     There  is  a  short,  thick  median  dorsiil  pr<x^ess  and  two  slender  lateral  ones  (fig.  97). 

Antenna*. — The  dorsal  antenna  lies  on  the  left  side  of  the  ridge,  just  l)ehind  the  head-sheath 
(fig.  95) .  The  lateral  antenme  are  in  the  usual  position  on  the  i)osterior  part  of  the  Inxiy ,  the  right 
one  considerably  in  advance  of  the  left  (fig.  95). 

Foi)t. — The  foot  is  of  the  usual  short,  conical  form.  The  lorica  projects  ()V(»r  it  dorsally  much 
farther  on  the  left  side  than  on  the  right  (fig.  95),  so  that  the  f(X)t  may  l)e  lient  to  the  right  or 
down,  but  not  to  the  left  nor  up. 

Toes  (fig.  96). — The  single  main  toe  (/.  f.),  representing  tlie  left  toe  of  the  genus  Diurella,  is 
an  almost  straight  rod  of  nearly  or  quite  the  length  of  the  lorica.  It  is  acrcximpanied  at  its  l)ase  by 
a  number  of  short  scales  and  spines,  one  of  which,  cur\'ed  so  that  the  tip  lies  against  the  main  toe, 
seems  (by  comparison  with  a  number  of  other  species)  to  represent  the  right  toe  (fig.  96,  r.  /.). 
This  is  in  the  present  species  shorter  than  one  of  the  substyles  proper. 

Internal  organs. — The  internal  organs  offer  nothing  of  especial  interest  except  the  trophi. 
These  are  decidedly  unsymmetrical,  the  right  malleus  l)eing  considerably  smaller  than  the  left. 
The  trophi  are  essentially  like  those  of  Rattulus  longiseta  St^hrank  (pi.  viii,  fig.  72),  but  with  the 
right  malleus  perhaps  a  little  smaller. 
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MeasureniPittn. — Lt^iiKtli  of  Ixxly,  0. Hi  ti)  0.17  iiiiu.:  of  t<x*,  0.14  to  0.15  mm.:  total,  0.30  to 
0,H2  mm. 

Ilistonj. — RaftitUts  vnrindtuH  Lamarck  seems  to  have  l)eeii  the  sec'oml  species  of  the  RatUtlidce 
that  was  iU»scril)e(l.  Mfiller  ( I7S6)  considereil  it  a  variety  of  Raititlns  rati  us  Mnller,  and  described 
it  under  the  name  of  TrirluKla  raiitis  nsicnlam  yvrcttfi.  He  thought  that  the  ridge  was  an  egg 
sac:  hence,  the  al>ove  name.  Lamarck  (181*))  fonnde<l  the  genus  Ruttulus  for  this  species  and 
A*,  raitus,  considering  them  as  one  species — a  \iew  wliich  is.  ])er]iaps,  not  fully  disproved  yet.  To 
this  spei'ies  he  gave  the  name  RattuJua  curittatus.  thus  e\idently  basing  his  description  on  the 
characteristics  of  the  species  ha\'ing  the  ridge.  The  name  v(irinatn.s  has  therefore  been  properly 
used  ever  since  for  this  si>ecies.  The  animal  has  been  repeate<lly  trausferretl  from  one  genus  to 
another  (see  sj-nonj-my ) ,  the  name  Raituhis  becoming  completely  .supplanted  by  Ehrenberg's  name 
MaHtigocerca.  According  to  the  recognizeil  rules  of  nomenclature  this  species  must  be  restored 
to  the  first  genus  (Rattulus)  which  was  founded  to  contain  it. 

DifttributioH. — In  America  RattnJus  carfuatus  Lamarck  occurs  widely  distributed  in  ponds, 
lakes,  swamps,  and  rivers,  but  is  iLsually  taken  in  small  numbers.  I  have  found  it  as  follows: 
Put-in  Bay  Harbor  and  Elast  Harbor.  Lake  Erie:  swamps  on  North.  Middle,  and  South  Bass  islands, 
in  Lake  Erie:  Huron  River  at  Ann  Arbor.  Mich.;  Portage  River.  Ohio:  Lake  St.  Clair.  Lake 
Michigan.  Round  Lake,  and  Pine  Lake,  near  Charlevoix.  Mich.;  pools  at  Hanover.  N.  H.:  ditch  5 
miles  south  of  Ann  Arbor,  Mich.:  and  in  the  following  inland  lakes  of  Michigan:  West  Twin  Lake, 
Muskegcm  County:  Crooked  Lake,  Newaygo  County,  and  Chippewa  Lake.  Mecosta  County. 

By  other  observers  it  has  been  recorded  as  follows:  Pond  near  Bangor,  Me.  (J.  C.  S.,  1883): 
Shiawassee  River  at  Comnna,  Mich.  (Kellicott.  1S8N);  Sandusky  Bay.  Lake  Erie  (Kellicott,  1896); 
waters  connected  with  the  Illinois  River  at  Havana.  111.  (Hempjel  1898). 

In  Europe:  Common  in  England  (Gosse.  1889);  Ireland  (Hood,  1895);  Wurttemberg.  (Germany 
(Bilfinger,  1H92):  Gr.  Ploner  See  (Za<-harias.  1S93):  near  Rostock,  Germany  (Tessin,  1886):  near 
Basel,  Switzerland  (Temetz,  1H9-2):  near  Geneva.  Switzerland  (Weber,  1898);  Tyrol  (DaUa  Torre. 
1889):  Finland  (Levander.  1894,  and  Stenroos.  1S98):  Galicia.  Austro-Hungary  (Wierzejski,  1893); 
Htmgary  (Kertesz,  1894;  Daday.  1H97):  Bohemia  (Petr,  IS90):  Livland.  Russia  (Eichwald,  1847); 
Kharkow,  Ru.ssia  (SiM)rikow.  1896).     (Many  other  authors  have  listed  this  animal.) 

Also  at  Sandringham.  Australia  (Anderson  and  Shepherd,  189*2):  in  Ceylon  (Daday,  1898);  in 
New  Guinea  (Daday.  1901 ). 

28.  Rattiilus  rattus  Miiller  (pi.  xi.  fig.  KX),  101). 

Synonynoi*:  Trich'Kiti  ruttus  Miiller  t  ITTfi  and  1TS«>>:  Hrorhnmu.'t  tijlinfin'rtix  S<'hrRnk  <1776i:  Trirhiyria  rrivetus 
S<.'hrank  <18(0»;  KuttuluM  mrimitux  l^iinan'k  <  l^l♦».  in  i»art  •:  Trirfntrtrra  rnitux  GoldfiLss  il89)i:  Sfinuny^ca 
longicaudn  Bt»ry  de  St.  Vincent  1 1>C4.  in  jmrt^:  J/om'k#  na  rnttus  Ehrenberg  ( 183l».  Il08»;  Mastigocerca  rattus 
Hudson  &  Gkwse  ( issil  •. 

Tliis  animal  is  practically  identical  with  Ratfuhis  rnriuatus  Lamarck,  save  that  it  lacks  the 
ridge  which  forms  so  coii.spicuous  a  feature  of  that  s|)ecies.  Some  o])servers  (Muller.  Lamarck, 
Bory,  Dujardin.  etc.)  have  held  that  R.  nitius  and  R.  cnrinatua  are  merely  varieties  or  variations 
of  the  same  sjiecies.  It  is  possible  that  this  is  true;  in  tlie  la<"k  of  jM^sitive  e\ndence  that  one  may 
be  transformed  into  the  other  it  will  Ik*  more  convenient  to  retain  the  seimrate  names,  however,  so 
that  they  may  be  recorded  sei)arately  when  desirable. 

After  study  of  a  large  niunber  of  spei-imens  of  these  two  spei'ies  from  many  diflFerent  locali- 
ties I  am  con\anced  that  there  is  no  sharp  distinguishing  character  except  the  presence  or  absence 
of  the  ridge.  Yet  in  general  the  si)ecimens  of  R.  rattus  Muller  which  I  have  seen  have  l)een  larger 
than  those  of  R.  carinatus  Lamarck  and  the  Ixxly  not  so  strikingly  fusiform  in  shape,  but  more 
equal  in  diameter  throughout. 

In  plai'e  of  the  high  ridge  of  R.  cariuatus  the  present  s^Kxries  has  a  broa<l  longitudinal  area, 
not  elevated,  which  is  marked  with  transverse  striations  and  occupies  the  same  position  as  the 
ridge  in  R.  i^triuatus  (fig.  100).  The  dorsal  antenna  lies  in  a  notch  on  the  left  side  of  this  striated 
area;  a  little  behind  it  lies  the  eye  (fig.  KM) i. 

The  foot  and  toes  are  id€»ntical  with  those  of  R.  ntrinatus  Lamarttk. 

Measurements. — Length  of  body,  about  0.17  to  0.18  mm.:  of  toe,  0.13  to  0.16  mm.:  total,  0.30 
to  0.33  nun. 
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HtHtortf. — This  set^iiis  to  havf  1hm*ii  tin*  first  of  tht»  lintiuUiia'  oIhitvimI.  It  was  disi'overed  by 
Eichhoni  in  177.")  and  was  t-alh^d  by  him  the  Water-Rat  ("dir  Wass«*r-Ratte**).  MiilkT  in  1T7«J 
gave  it  th(?  name  TrivluHhi  mtfns.  Mtillor.  Lamarrk.  Bory  de  St.  Vincent,  Ihijardin.  and  varioun 
others  hiive  <ronsidered  this  speeios  to  ])e  identical  with  /i*.  ravhuttiis  Lamarck.  This  view  has 
some  evidence  in  its  favor.  thcmKh  it  can  not  1k'  considered  established.  If  it  should  ever  l>e 
shown  conclusively  tliat  the  two  are  only  forms  of  the  siime  s]H*cies.  the  name  HuttnluH  rattus 
would  prevail  over  It.  carinntus  as  iH^in^  the  older  name. 

Dos<*ript.ions  or  fij^nres  of  this  sp<H'ies  are  to  Ih'  found  in  Ehrenberj^  (1H;{H),  Perty  (IXi'^M. 
Eyferth  (1^85),  Tessin  (IssC)),  Plate  (IHH^n.  Huds<m  &  (toss*' (iss«).  Levander  (1?SJM).  Scorikow 
{mm,  St^nr(M)s  (lHt»H). 

I>isfrtbntioii.  In  America  this  siH»cies  is  very  irommon  ami<l  vej^etation  in  cpiiet  waters.  1 
have  found  it  in  the  followinjr  localities:  Put-in  Bay  HarlM)r,  Lake  Erie;  Lon^  Point,  i'anjwla.  near 
•*the  Cottagt»s."  on  the  north  .shore  of  Lake  Erie;  pools  and  swam])s  on  Soutli  Ba.**s  Island  in  Ijake 
Erie.  It  has  l)e<»n  riM.'orded  ]>y  other  oliservers  in  the  United  States  as  follows:  New  York  ( Ehn»n- 
ln^rg,  1843):  near  Minneaixdis,  Minn.  {'\1.  W.."  l.ss:n:  near  Cincinnati,  Ohio  (Turner.  1WK>); 
Siindusky  Bay,  Lake  Erie  (Kellicott,  1SU7). 

In  P^urojH':  England  ((fos,se.  isssh:  Ireland  ((7lass<-ott.  ISJW;  noo<l,  isJM):  (Tennany  (Bjirtsch. 
1870:  Plate,  InsO;  Te.s.sin,  \HHi\):  Tyrtd  (Dalla  Torn*,  issih:  Boliemia  (Petr.  IN'.M));  Finland 
(Levander.  IWM;  Stcnroos,  lsi>S):  Switzerland  (Ternetz.  ls<)-.»):  Hungary  (Toth,  1H«1;  Bartsc-h, 
1877:  Kertesz,  IS<M:  Daday,  1H»7):  Livland.  Rus.sia  (Eichwald.  1S47):  near  Kharkow,  Russia 
(Scorikow.  IsjMi):  also  in  Ceylon  (Daday,  1808);  abundant  in  (Jrwnland  (BiT^endal.  J892). 

29.  Rattulus  lophoessus  Gosse  (jd.  xi.  fiKs.  OH.  99). 

l>isiin(fm'shin(f  rhdnu'lrrs. — The  distinctive  f«'aturesof  this  animal  are  tin*  long,  high  ridjre, 
reachiuK  from  the  anterior  end  to  the  very  fo(>t  and  incline<l  far  over  to  tin*  right;  the  fusiform 
l)ody,  the  unarmed  anterior  margin  of  the  lorica,  and  the  short  rudimentary  riglit  Um\  oni'-fourth 
the  length  of  the  main  toe.  It  (dosely  resembh^s  H.  can' not  us  Lamarck  in  many  resiKM^s,  but 
differs  from  it  in  the  length  of  the  ridge  and  in  the  toes. 

E.vtc7'H(il  fcdinrrs. — The  Ihuly  is  fusiform  in  shaiH»,  and  s<»mewhat  more  ehmgated  than  in 
A*,  vfirinafiis  Lamarck.  The  head-sh»'ath  is  marked  oif  from  the  remainder  of  the  lorica  by  an 
evident  constrict i(m.  The  anterior  edge  of  th(»  lorica  is  without  teeth  or  spines:  it  luis  a  shallow 
depression  in  th(»  ventral  middle  region  (fig.  9.s). 

The  ridge  is  nearly  its  high  as  in  H.  ntrinfitns  and  ext^-nds  from  the  anterior  edge  of  the  loricii 
t«>  the  very  foot.  It  is  situated  considenibly  to  the  right  ()f  the  middle  line  and  is  inclinwl  far  over 
to  the  right,  resembling  thus  the  right  one  of  th<*  two  ridgt's  in  A*,  hirn'sfntiis  Cit)sse.  It  is  striat4^1, 
as  in  Ji.  rariimtHs  Lamarck,  and  the  striations  extend  considerably  to  the  l(?ft  of  tin*  ridge,  ending 
at  a  well-defined  line  (tig.  99).  (tosm*  ( 18xth  and  WcIht  ( 1S9S)  descrilH'  the  ridge  as  Inking  inter- 
rupt*.Hl,  so  as  to  form  two  or  more  ai'ches.  This  was  not  the  case  in  the  sjun-inn-ns  which  I  studied 
nor  in  those  de.scrilM'd  by  Biltinger  ( 1H94). 

I  .  ('o;'o;k».— The  cDrona  has  the  usuiU  dorsiil  clul>-sha])ed  pnK't»ss.  according  to  Bilfinger  dWM); 

it  has  not  Ihm'U  studied  otherwise?.      In  tln>  pres«Tve<l  sjM'i-imens  at  my  dis]M)siil  the  corona  was 
partly  withdrjiwn. 

AnfrnufV. — The  dorsal  ant^'una  is  situated  i-onsiderably  to  the  li*ft  f»f  the  ridge  at  tln'  edge  of 

I   -^  the  striat<3d  area.     The  lateral  antemue  I  have  not  U-en  ablr  to  se«'  in  the  ])re.s<«rviHl  s|M>ciniens. 

The  right  one  is  figured  by  Bilfinger  ( IS94)  in  the  usual  position  on  the  jx^sterior  tliird  of  the  b«Hly. 
F(»ot. — The  foot  is  a  slmrt  c(nie,  of  the  usual  chanicter.     The  lorica  projects  far  back  over  its 

'»    .ji  base  on  the  left  side  (fig.  99  >.  so  that  the  foot  is  fret*  to  l>end  t«»  the  right,  but  not  to  the  left. 

I    'I  ■  Tors  (fig.  98). — The  b'ft  or  main  toe  (/./.,  fig.  98)  fonns  a  long,  nearly  straiglit  hmI.  al»out  two- 

',    j"  thirds  its  Lmg  as  tlu?  body.     Above  its  base.  S4']>arated  from  it  by  a  well-marked  gaj).  is  the  right 

!     ■  toi»  (r.  ^).  about  onc-f«>urtli  to  «)n»'-third  as  long  as  the  main  t«K*.     Th«?  right  t<K»  is  U-nt  towanl 

the  main  t(H'.  its  tip  overlying  the  latter.     At  tin*  base  of  lH)th  the  main  tin*  and  the  .smaller  one  are 

I    1  one  or  two  si-ale-like  substyles.     The  larger  1o]m*  of  the  mu<-us  reservoir  (///.  r. )  t^iens  at  the  lm.se 

of  the  main  toe;  the  smaller  lobe  at  tlie  Imse  of  the  rudimentary  right  toe. 

i     ■*  ■ 
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Internal  organs. — The  eye  lies  on  the  left  side  of  the  l»r)yfe  brain  (fig.  99).  The  trophi  could 
not  be  studied  in  detail  in  the  8i>eciiiien8  at  uiy  command.  As  not«d  above,  the  mucus  reservoir 
is  divided  into  two  unecjual  lolws,  ()i)ening  at  the  bases  of  the  right  and  left  toes,  respectively. 
The  otlier  int^^mal  organs  offer  nothing  of  especial  importance. 

Measnmnents'. — Length  of  ])ody.  0.2;{  mm.;  of  toe,  0. If)  mm.;  total,  0.38  mm. 

History. — This  species  was  descri])ed  by  Goss(\  in  Hudson  &  Gosse's  Monograph  of  the 
Rotifera.  as  Miisti(jovvrni  h)phovssa.  Figures  and  desc^riptions  have  since  been  given  by  Bilfinger 
(1894)  and  Webor  (1898). 

Distribution. — Rattnlns  lophotssus  (rosse  has  not  yet  l)een  found  in  America.  For  the  oppor- 
tunity of  studying  it  I  am  indebted  to  Mr.  Charles  Rousselet,  of  London,  England,  who  sent  me 
excellent  mounted  specimens  of  this  rare  species. 

In  Europe:  England  and  S<'otland  in  p(M)ls  ((fosse,  1889):  Ireland  (Hood,  1895);  Wtirttemberg, 
Germany  (Bilfinger,  1894);  Tyrol  (Dalla  Torre,  1889);  Switzerland  (Weber,  1898);  Lake  Nurmi- 
jarvi  in  Finland  (St^nroos.  1898). 

30.  Rattulus  latus  Jennings  (pi.  vii,  figs.  «5,66). 

Synonym:  Mnjttigocerca  lain  Jennings  (1H94). 

Distinguishing  characters. — This  species  is  at  once  distinguished  from  all  others  by  the  broad 
ovate  lorica,  coupled  with  the  striking  lack  of  symmetry  at  the  posterior  end.  This  asymmetry 
distinguishes  it  at  once  from  R.  multicrinis  Kellicott.  the  only  species  that  resembles  it  at  all 
in  general  appearance. 

External  features. — The  lorica  is  broatlly  ovate  in  dorsal  or  ventral  view,  the  width  being 
about  five-eighths  of  the  length.  The  dorso-ventral  measurement  is  about  two-thirds  that  of  the 
width,  so  that  the  animal  is  dorso-ventrally  somewhat  depressed.  When  seen  in  side  view  the 
dorsal  line  is  a  uniform  curve  from  the  front  of  the  head  to  the  base  of  the  large  foot.  The  ventral 
line  is  a  similar  but  less  convex  curve  from  the  junction  of  the  head-sheath  with  the  lorica  to  the 
base  of  the  toe,  so  that  the  two  curves  are  not  symmetrically  placed.  The  lorica  is  peculiarly 
unsymmetrical  in  a  dorsal  or  ventral  view,  for  the  iwsterior  part  of  the  Ixxiy,  bearing  the  foot,  is  a 
thick,  truncate  cone  lying  not  in  the  middle  line,  but  on  the  left  side  (fig.  66).  On  the  right  side 
there  is  a  blunt  projection  (!orre8ponding  in  position  to  that  bearing  the  foot,  but  a  little  smaller. 
Between  it  and  the  left  projection  is  a  well-defined  notch. 

There  is  no  sign  of  a  ridge  or  striated  area  in  this  species . 

The  head-sheath  is  scarcely  marked  off  from  the  n»mainder  of  the  lorica  at  all;  only  a  slight 
angle  on  the  ventral  side  marks  where  it  l>egins.  In  front  the  ventral  edge  of  the  lorica  ends  in  a 
broad  notch,  at  the  bottom  of  which  is  a  projecting  tooth  (fig.  65).  Dorsally  the  anterior  edge  of 
the  lorica  is  a  slightly  uneven  curve,  with  neither  a  distinct  notch  nor  a  projecting  tooth  (fig.  66). 
The  form  of  the  lorica  is  not  changed  appreciably  when  the  head  is  retracted. 

(Utrontt. — The  c^)rona  (Consists  of  the  following  parts:  (1)  A  dorsal  and  lateral  fringe  of  cilia, 
forming  alx:)ut  two-thirds  the  circumference  of  the  head  and  interrupted  in  the  dorsal  middle 
region;  (2)  at  the  middle  of  the  dorsal  edge  a  flattened  non-setigerous  column,  truncate  at  the  end; 
(8)  below  the  last,  a  similar  flatten«Ml  process,  bearing  at  its  free  end  a  pair  of  minute  styles. 
Below  and  at  the  side  of  this  are  (4)  a  pair  of  somewhat  club-shaj)e<l  pnxHJsses  curving  ventrad. 
At  either  side  of  the  middle  of  the  coronal  disk  are  (5)  four  small  i)apilltp,  the  two  inner  of  which, 
at  least,  bear  long  setie.     These  are  partially  surrounded  ])y  ((>)  an  incomplete  circle  of  cilia. 

Antenna*. — The  dorsal  antenna  appears  as  a  small  tube,  reaching  the  dorsal  surface  of  the 
lorica  near  the  dorsal  middle  line,  some  dist-ance  from  the  anterior  margin  of  the  lorica  ( fig.  66,  r^.  a. ) . 
The  lateral  antennre  are  vi.sible  in  a  dorsal  view,  lying  one  above  each  of  the  two  posterior  projec- 
tions of  the  lorica  (fig.  66,  /.  a.). 

Foot. — The  foot  is  very  short,  scarcely  distinguishable  as  a  separate  joint.  It  is  borne  by  the 
left  one  of  the  two  projections  in  which  the  lorica  ends. 

Toes. — The  main  toe  (representing  the  left  toe)  is  a  slender,  pointed  rod,  continuing  the  curve 
of  the  left  side  of  the  lorica.  It  is  about  four-fifths  as  long  as  the  lorica.  It  is  accompanied  by 
three  short,  unequal  substyles,  the  longest  (representing  the  right  toe)  about  one-fifth  the  length 
of  the  main  toe,  the  others  much  shorter.  The  toe  is  united  to  the  body  in  such  a  way  that  it  can 
be  turned  to  the  right,  but  not  to  the  left. 
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Internal  organH. — Tho  maRtax  is  oblong,  tnmcato  at  cithtT  taicl:  its  cinrnlar  t»iid  appt^ars  in  a 
ventral  viow  in  front  of  the  broad  iH*<'toral  notcli  of  tlie  lorica.  To  itH  sidos  ar*^  atta<'hod  two  pro- 
jecting glandular  lj<Kli<»s  (fig.  (r>.  (//.).  Tlio  troi>hi  are  nearly  or  (jnite  symiuetrical.  The  internal 
organs  ])artake  in  their  arrangement  of  the  jtec^uliar  asyninietrj'  that  ai)pears  in  the  lori<'a.  The 
stomach  lies  to  the  right  of  the  middle;  its  walls  cron tain  many  large,  sphericral,  light-yellowish, 
refractive  grannies.  The  ovary  lies  to  the  left  of  the  stomaeli.  not  ventral  to  it.  The  lateral  canals 
of  th(»  left  side  lie  ventral  to  the  ovary  and  present  thrw  flam«»  cells,  one  at  the  side  of  the  iMwterior 
end  of  the  mastax.  one  at  the  side  of  the  anterior  end  of  the  stonuwh.  and  one  jnst  in  front  <»f  the 
contractile  vesicle.  The  two  halves  of  the  mucus  reservoir  (fig.  (m,  m.  r. )  are  pushe<l  wid(»ly  aiiart. 
the  left  one  Iwing  much  the  larger.  The  brain  is  of  the  usual  form;  on  its  dorsiil  surface  it  liears 
the  eye,  formed  of  a  large  clear  sphere.  eml)ed<led  in  a  de<'p  n^l  cup. 

3/c(i«//?v'm('///.s.— Length  of  IwMly.  0.17  to  0.  IH  mm.;  of  Ux\  i).V2  mm.;  total,  o.'il)  to  OM  mm. 

History. — Tliis  s])ecies  was  descrilw^d  by  the  ]»res«»nt  author  in  bSiM.  A  description  and  figure 
are  given  by  Stenroos  ( ISIW)  and  a  figure  by  Jennings  ( li)()l ). 

Ih'stn'hnfiint. — In  Am(?rica:  I  have  found  this  .s^xH-ies  in  the  following  l<K*alities:  East  Harlior, 
Lake  Erie,  nt^ar  Sandusky.  Ohio;  Lake  St.  (.'lair;  West  Twin  Lake  near  Charlevoix.  Mich.:  (Trave- 
yard  Pond  on  Prescjue  Isle  near  Erie.  Pa.;  Huron  River  at  Ann  ArlH)r.  Mich.  Ktdlicott  (l^*90) 
records  this  species  from  Sandusky  Btiy,  Lake  Erie:  Hemi»el  (1S98)  from  w^aters  connected  with 
the  Illinois  River  at  Havaiui.  111. 

In  Euroix':  Lake  Nurmijiirvi.  Finhmd  (Stenr(M)s.  180H). 

31.  Battulus  bicuspes  Pell  (pi.  vnr.  figs.  r-i-Ti)). 

Synonyms:  Mfi:<ti<fiH'm'a  /»/«i/x/m  s  Poll  ilSiHh;  .Uaj«/iV/or»'fr#i  wy»//«/»/rfii  Stnkes  drtiT*. 

DiHiimjuishhig  rhnnictn'H. — This  verj'  i>eculiar  .'^jiecies  may  be  known  by  its  short-,  plmuplxxly,. 
high  arched  dorsally;  by  the  unarmed  anterior  edg<»  of  the  lorica:  \\\v  very  prominent  lateral 
antennaf^.  protected  by  stout  spines:  and  by  the  long  t<H*.  longer  than  the  In^ly. 

E,rtt'ninl  fentnirs, — The  b<Hly  is  very  short  and  tliick.  the  ventral  lin«»  neiirly  straight,  while 
the  dorsal  line  is  a  high  arch.  The  highest  ]>art  of  the  Ixnly  is  a  little  ])ehind  the  middle;  thence 
it  falls  off  suddenly  to  the  foot,  there  being  in  some  cases  even  an  inward  curve  just  alH)ve  the  foot 
(fig.  7'i).  The  anterior  part  (►f  the  lorica.  or  head-sheath,  is  not  stnmgly  markf>d  off  from  the 
n^mainder,  tlumgh  a  slight  constricticai  can  sonu»tinu?s  W  MM»n  bi'hind  it  (fig.  TM).  Then*  are  no 
teeth  or  spines  at  the  anterior  margin.  Considerably  io  the  right  of  ihv  dorsjil  middl(>  line  is  a 
ridge,  whi(^h  is  fairly  jwominent  in  living  individuals,  but  seems  less  notici'able  in  preserve*!  si)e«*- 
imens.  It  is  rather  broa<l  and  reaches  from  near  the  anterior  edge  to  a  iM)int  some  distance  l)t»hind 
the  middle  of  the  lorica  (fig.  75).  It  is  transversely  striated  (i.  e.,  it  contains  transverst*  muscle 
bands). 

Corona. — The  corona  is  of  the  usual  chanicter,  the  only  ixnnt  d(»serving  e-s^Kt-ial  mention  l)eing 
the  ant<*nna-like  prcMM's^es.  There  an*  five  of  these',  as  in  li.  iatus  Jt»nnings,  li.  miilticrhns  Kelli- 
cott,  and  H.  copucin  nn  Wierz.  &  Zai'h.  The  median  dorsal  jirocess  is  >tout  and  club-shaiK'd;  on  each 
side  of  this,  and  nearer  the  ventral  side,  are  two  slender  pr«K'esses  close  togetlier  (fig.  T")). 

Anfcnmv. — The  most  iK»culiar  feature  of  this  sjH'cies  are  the  lateral  antenna'.  These  an*  in 
the  usual  |)osition,  on  the  jiosterior  jiart  of  the  lorica,  near  the  dorj>iil  side.  Each  forms  (or  is 
accompanied  by)  a  large,  sharp  .spint',  with  its  basid  jKirt  enlarged.  Ae<'or<ling  to  Stokes  ( 1^97), 
fine  sehe  may  be  seen  just  in  front  of  thes*'  spines,  close  against  them;  thest?  I  have  not  se«'n. 

The  dorsal  antenna  is  in  the  usual  jiosition.  a  short  distance  Ix'hind  the  anterit»r  t'dgf<»f  the 
lori<*a.     It  lies  just  to  the  left  of  the  striatt'd  area  (fig.  75). 

Foot. — The  f<M)t  is  a  .small,  short  structure,  arising  as  a  continuation  of  ventrd  j^art  of  Innly. 

Tom. — There  is  one  main  t< Ml  (repres<'nting  the  left  t«M'  of  Diimlfo):  tliis  is  longer  than  tlu* 
lK)dy  and  is  nttarly  straight.  Tlie  rudimentary  right  t<H'  is  very  small  and  I'urves  toward  the  main 
toe.  its  tip  lying  against  the  latttT. 

Internal  organs. — Tliis  species  is  not  a  favorableone  for  the  study  of  the  internal  organs,  these 
being  crowded  togeth<'r  in  the  short,  tliiek  loriea  in  such  a  way  as  to  make  it  very  diflicult  to  dis- 
entangle them.  There  seems  in  any  case  to  be  nothing  calling  for  special  remark.  The  trophi 
(fig.  70)  are  rather  stout,  and  of  the  usual  im.s\iumetrical  fonn,  the  left  side  lK?ing  much  iK'tter 
develojied. 
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Measurements.— Length  of  body,  0.12  mm.:  of  toe,  0.18  to  0.14  mm.:  total,  0.25  to  0.26  mm. 

History. — This  species  was  desirilx'cl  by  Pell  in  181K)  as  Mnntiijocerca  hiaispes.  Stokes  rede- 
scribed  it  in  1897  as  Mdatifjncrrni  .sj,{in\frni.     It  has  l)een  fiKnro<i  by  Jennings  (  VMK)  and  1901). 

Distribution. — I  have  found  this  six*cies  as  follows:  East  Harl)or.  Lake  Erie,  near  Sandnsky, 
(^hio;  Graveyard  Pond.  Pres^ne  Isle,  n^'ar  Erit-.  Pa.:  Huron  River  at  Ann  Arbor,  Mich.  Pell 
(1H90)  does  not  note  whert-  he  found  this  sinvit^s.  Stokes  (1897)  described  it  from  a  pool  near 
Trenton.  N.  J.     It  has  not  vet  l)een  recorded  from  Eurone. 

32.  Rattulus  elongatus  (iosse  (pi.  xii.  fi^s.  102-107). 

Synonyms:  Stunt itf^H'trrn  elontjata  (»tKv<'  <  1hs«J):  Sfn.ttitjiHtrrn  *jrint(i,.-<  Stenroos  (lf<96>. 

r>i.*<tin(jni.^hing  charavtcrs. — This  .sj)ei'ies  may  1m'  known  by  its  large  size,  its  elongated  form 
tapering  toward  the  jxjsterior  end.  the  very  long  main  toe  a<comi)anied  by  a  'substyle'*  one-sixth 
to  one- fourth  its  length,  and  the  unarmed  anterior  edge  of  the  lorica. 

E,rternal  fentnns. — The  lK>dy  is  long  an<l  slender.  .*i<jmewhat  larger  at  or  near  the  anterior  end 
and  tapering  l»ack  to  a  slender  fo<jt.  Tlie  dorsiil  line  is  somewhat  arched,  the  ventral  line  nearly 
straight  (fig.  10.*)).  The  anterior  ]K>rtion  of  the  lorica,  or  head-sheath,  is  not  marked  off  from  the 
remainder  of  the  lorica  bv  a  constriction.     The  anterior  edge  is  without  sjdnes  or  teeth. 

The  dorsal  surface  of  the  lorica  I)ears  a  broad,  transversely  striated  area  extending  backward 
about  one-third  the  length  of  the  lori<-a.  Tlie  anterior  ])art  of  this  striateil  area  (a  little  less  than 
one-half  of  its  length)  is  depressed,  so  that  there  is  a  rather  bn*ad  fuiTow  extending  from  the  ante- 
rior edge  backward  for  a  distance  somewhat  irreater  than  the  «liameter  of  the  Yhm\\  (to  the  point  .r, 
figs.  102  and  lOo).  Near  the  jH^sterior  end  of  this  furrow  is  the  oj)eningfor  the  dorsal  antenna  (fig. 
102,  t1.  a. ) .  That  i>art  of  the  lorica  forming  the  bottom  of  the  furrow  projects  a  little  at  the  anterior 
edge  of  the  lorica  (fig.  102). 

When  the  head  is  extende<i  it  is  covered  with  a  somewhat  stiffeneil  membrane  which  lies  in 
transverse  folds,  gi\'iiig  this  region  a  wrinkltMl  ai)i>eanince  (figs,  lo:^  and  104). 

Corona. — Tlie  corona  s*»ems  of  the  usual  chara<*ter.  There  is  a  large  club-shaped  dorsal 
process  (not  shown  in  the  figures),  but  lateral  prm-esses  have  not  Ix'en  ol>serve<l  with  certainty. 

Antenntr. — The  dorsiil  antenna  is  in  the  dorsiil  furri>w  near  its  |)osterior  end.  The  lateral 
ant^mme  are  in  the  usual  i)osition  ffigs.  102  and  10."))  save  that  the  right  one  lies  much  farther 
toward  the  dorsiil  side  than  d<H*s  the  left,  if  the  jjosition  of  the  dorsal  antenna  istiiken  as  indicating 
the  dorsal  middle  line.  In  a  dorsiil  view  only  the  right  one  of  the  latercd  antenme  shows  (^gs.  102 
and  103). 

Foot. — Thi?  ffX)t  is  more  slender  than  usual,  but  is  otherwi.^e  of  the  ordinary  form.  The  lorica 
projects  farther  over  it  on  the  left  side  than  on  the  right,  so  that  the  foot  may  bend  t-o  the  right, 
but  not  to  the  left. 

It  will  be  notice<l  that  there  are  a  nuuil»er  of  features  in  this  region  which  seem  to  indicate 
that  the  posterior  part  of  the  animal  is  to  l)e  considered  as  t\\iste<l,  so  that  the  primitively  dorsal  side 
is  now  tume<l  to  the  left,  the  jirimitively  right  side  l»eing  dorsal.  The  attaclmient  of  the  foot  to 
the  Ixwly  is  one  of  these  features:  usually  in  rotifers  the  l)ody  proje<-ts  over  the  foot  on  the  dorsal 
.side,  not  on  the  left  side.  Tin*  jiosition  of  the  lateral  antenme  indicates  the  same  thing:  the  left 
one  is  now  far  over  toward  the  ventral  side,  the  right  one  nearly  dorsal  (fig.  103).  Still  more  strik- 
ing, from  this  i)oint  of  view,  is  the  attachment  of  the  toes  to  the  foot.  The  two  tries  an*  no  longer 
side  by  side,  but  the  primitively  right  (rudimentary)  toe  lies  abuost  directly  above  the  left  (main) 
toe  (fig.  lO")).  If  the  hinder  part  of  the  Ixnly  could  be  twisted  alx)ut  90  to  the  right  all  these 
stnii-tures  would  regain  their  usual  ]K>.sitions. 

Tocx  (fig.  106). — The  main  toe  (/.  /.).  rei)resenting  the  left  toiM)f  the  genus  DiurvUa,  is  a  long, 
nearly  straight,  tai)eriug  nxl.  two- thirds  to  four-fiftlis  the  length  of  the  lorica.  The  right  toe 
(r.  /. )  is  rudimentary,  but  is  nevertheless  much  l)etter  develoi»e<l  tlian  in  many  sjiei-ies  of  the 
genus  Rottnlns:  it  is  a  crookiMl  spine  from  one-sixth  to  one-fourth  the  length  of  the  main  toe. 
From  its  base  it  curves  ventrally  toward  the  main  toe.  which  it  crosses  (fig.  lo.*i).  As  has  been 
set  forth  in  the  account  of  the  f«K)t,  the  ba.se  of  this,  primitively  the  right  toe.  lies  in  this  animal 
almost  directfy  dorsal  to  the  main  (left)  t^x?.  Both  the  main  toe  and  the  rudimentary  toe  are 
accomi)anie<l  at  the  base  by  scale-like  snlistyles.  each  toe  having  at  least  two  of  these  (fig.  106). 

V.  i'.  B.  IWZ—.il 
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Internot.  orgajis. — The  inti*nial  or/<ans  are  })eantifiilly  and  dearly  displayed  in  R.  rlongatus 
Gosse,  rendering  this  |H»rliai)H  the  most  favorable  spet-ies  that  exists  for  a  stndy  of  the  anatomy. 
B«»yond  what  was  given  in  the  general  account  of  the  anatomy  of  the  Rntinlida-  (p.  2?^).  only  two  or 
three  points  nwd  siH'cial  mention.  The  brain  is  nnsynmietrieal.  there  lieing  a  brojid  right  lobe 
or  division,  and  a  narrow  h'ft  IoIm*.  shorter  than  the  right  one.  This  left  IoIm'  iH'sars  at  it«  end  the 
eye  (tig.  lo:^).  The  trophi  are  well  develoi>ed  and  decidedly  unsymmetrical.  the  left  half  Iwing 
much  larger  and  stronger  than  the  right  ilig.  1(^7). 

3Mi.vf/vmr'///x.— Length  of  Ixnly.  0.:{.s  to  K)Ai\  mm.:  of  t^M',  0.2H  to  ().:{.">  mm.:  t4)tal,  0.06  to 
O.si  mm. 

IJistitrij. — Tliis  si)e<*ies  was  descrilM»d  by  Gosse  ( 1880)  in  Hudson  &  Gosse's  Monograjdi  of  the 
Rotifera,  as  Mnafitjovrrva  rlonfjnfti.  A  description  (in  Russian),  without  tignre.  is  given  }»y  Soori- 
kow  (1890).  and  figures  are  given  by  Jennings  (IJH)O  and  liH)l).  Stenroos  (1898)  redescril>ed  this 
animal  (with  a  figure  of  the  anterior  end)  as  Mastifjovrrca  {jramlis  n.  sp.  Hisdescri]>tion  of  MnHti- 
gmu'rva  (jnimiis  fits  Raitnliis  vlaiKjafus  Gosse  iH*rfiK;tly.  the  figurt*  of  the  anterior  end  showing  the 
form  w^hon  the  head  is  i>artly  ext<?nd(Kl. 

Ih'stn'hiitiou. — In  America:  Rdtfulns  Wo?*r/f////,s  Gosse  is  not  nire  in  the  (piiet  ]MirtH  of  rivers, 
ponds,  and  lakes,  though  large  numlK'rs  are  not  u.sually  found  together.  I  have  taken  this  si)ecie8 
in  the  following  localities:  Put-in  Biiy  Ilarlwir  an<l  East  Harl)or.  Lake  Erit»:  ihh>1s  at  Hanover, 
N.  H.;  PoriAge  River.  Ohio:  Huron  River  at  Ann  Arlmr.  Mich.  It  hius  als«>  })e<»n  found  in  San- 
dusky Bay,  Lake  Erie  (Kellicott.  1897),  and  in  waters  conn(H'te<l  with  the  Illinois  River  at  Havana, 
111.  (Hempel.  1898). 

InEuroiM":  England  and  Scotland  ((iiisse,  1889):  Ireland  (H(hm1.  189."));  WiirttemlKTg,  (ii»rmany 
(Bilfinger.  189'-*):  bayous  of  the  Rhine  iLaiiterlM»rn.  189;0:  near  Bji.sel.  Switzerland  (Temetz.  1892); 
Galicia.  Austria-Hungary  (Wierzejski.  189:|):  Lake  Nnnuijarvi  in  Finland  (StennM>s,  1898,  as 
MaatigtH'nva  (jrmulis)\  Bohemia  (Petr.  1890):  near  Kharki>w.  Russia  (Scorikow,  18%). 

AlsoinCeyhm  (Daday.  1898). 

33.  Rattulus  stylatus  (rosse  (pi.  x.  figs.  9*2-94). 

SynonymH:   Afotux't'rcn  sti/latn  (t(iss«'  ^  1K'»1 1;   Mttntintuvrra  Mtiflatti  (iiiKso  1 1SHI»». 

UistiwjniHhhuj  rfin nirtfrs.-  Thin  sjHM'ies  is  to  Im.»  distinguished  by  the  very  short  toe,  one-hair 
or  less  th<?  l(»ngth  of  the  body:  by  tlie  irregular  form  of  the  Ixxly.  with  the  head-sheath  stnmgly 
set  off  from  the  remainder  of  th<*  lorica.  iind  by  the  unarmed  anterior  edge.  Then*  is  no  other 
siHH'ies  which  Invars  a  very  clos«»  resemblance  t«»  it. 

E.vtn'Hdl  fratiin's. — In  this  si)e('ies  the  bixly  is  mon*  irregular  in  form  than  in  iMThaps  any 
other.  In  dorsal  or  ventral  view  the  }M>dy  is  nvate  in  genend  sha]N».  truncate  in  front,  but  t4ii)er- 
ing  rapidly  b(dund  to  the  toe.  Th<»  posterior  half  of  the  IwKly  is  thus  conical,  the  ajH'x  of  the  cone 
btjing  surmounted  by  tht*  toe.  In  .side  \iew  the  ventral  line  is  nearly  even,  while  the  d(»rsal  line  is 
arched  (fig.  9:j).  The  head-sheath  or  anterior  jMn-tion  of  the  lM)dy  is  smaller  than  the  remainder, 
and  .setoff  from  it  by  a  bro:id  and  deej)  furrow,  so  that  in  side  view  a  prominent  •'hum])"  is 
observed  just  behind  tlie  furrow  (fig.  9:{).  The  furrow  d(H*s  not  run  uninterruptwlly  around  the 
boily.  but  is  rather  an  irregular  fold:  it  is  farther  forward  on  th(»  ventral  side  than  on  the  dorsal. 

The  anterior  margin  of  the  lorica  is  without  teeth  or  projections  of  any  kind. 

Of  this  sxKH'ies  I  was  able  to  study  only  mounted  specimens  (and  these  through  the  kindness 
of  Mr.  Charles  F.  Rous.selet).  and  none  of  those  available  presented  a  directly  dorsal  view.  It  was 
therefore  difficult  to  tell  whetlu'r  there  was  anything  cr>rres])ondingto  tin?  ridge  or  striated  are:i  or 
not.  There  seenn.Hl  no  sign  «)f  a  ridge,  but  apparently  there  is  a  dorsiil  depression  running  backwa"xi 
from  the  median  dorsal  anteri(>r  margin  of  the  lorica:  this  could  not  Im*  d«»termined  with  certainty, 
howevcT.     The  animal  is  clearly  not  so  markedly  nnsymmetrical  as  are  many  of  the  Rtittulhhv. 

Corona. — The  corona  b-ars  thi*  usual  irlul>-shai)ed  dorsal  pr(K.'ess;  it  luis  not  l>een  minutely 
.studied  in  other  resi)e<'ts. 

AutntiHV.  — Dorsiil  and  lateral  antennae  in  the  usual  positions,  as  shown  in  figs.  9'i  and  94. 

7V>cx.— The  main  toe  is  very  short,  as  comi^ared  with  that  of  most  of  the  s|KH'ies  of  Rattulus, 
being  usually  somewhat  less  than  one-third  the  length  of  the  lK>dy.  It  is  slightly  curved,  the  con- 
cavity of  the  curve  l)eing  on  the  dorsal  side,  as  shown  in  figure  9;{.     Ch^ely  appressed  against  the 
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main  toe  is  a  snbstyle  (i)erhap8  the  mdiinentary  right  toe),  which  tapers  very  rapidly.  Owing  to 
its  slendemess  and  close  approximation  to  the  main  toe  it  is  very  difficnlt  to  determine  the  length 
of  the  snbstyle.  In  one  case  it  apiK?ared  to  ]ye  from  one-third  to  one-half  the  length  of  the  main 
toe.     It  is  very  easily  overlooke<l. 

Juternal  organs. — The  trophi  are  a  little  nns>Tnmetrical.  The  mncns  reservoir  is  divided 
into  two  efjnal  halves,  in  spite  of  the  fart  that  one  of  the  toes  has  lxM.*ome  rudimentary. 

M*'(isiirf'tnt'ttt.s. — Li'iij^h  of  l>ody.  0.  1h  mm.:  of  t(^)e,  OM  mm.:  total,  U.23mm. 

Ilisttn'f/, — This  si)ecies  was  dt*s<*rilK'<l  by  (to.sso  (without  a  figure)  in  lH.il.  It  is  figured  and 
descril>e<l  by  Gosse  (ixsjh  in  Hud.son  &  (losst^'s  Monograph.  No  de.scrii)tiou  or  figure  of  this 
species  lias  l)een  given  since,  though  Bilfinger  ( \XU4)  and  Eckstein  ( 1H9."))  have  a  few  notes  on  it. 
Eyferth  (ISH"))  thought  it  might  be  identical  with  Diurclltt  ntylata  Eyferth.  though  the  two  seem 
not  to  have  the  remotest  resem])lancc. 

Distribution. — Tliis  species  has  not  ])'^en  found  in  the  Unite<l  States,  and  my  figures  and 
description  are  from  specimens  kindly  sent  me  by  Mr.  C.  F.  Rousselet.  of  London,  England. 

In  Euro])e:  England  (Gos-se.  1H.")1.  issj»):  Ireland  (Hcn^d,  IHOo):  Wiirtteml)erg.  G^ermany 
(Bilfingt»r.  1H94):  Miiggel-See.  Germany  (Eckstein.  1S95):  l>ayou8of  the  Rhine  (Lauterbom,  1898). 

34.  Battulus  pusillus  LauterlK)rn  (i>l.  ix,  figs.  s1-8.j). 

Synonym:  MasiitjiHvrm  jtuxHUt  I^uterhxini  ilsii8». 

DistitHjnishiity  rhanictrrs, — This  siiei'ies  may  I >e  known  by  its  minute  size,  the  short,  plmnp 
body  without  teeth  or  spines,  and  the  nwl-likc  toe  al)out  four-fifths  the  length  of  the  body. 

E.rternnl  fraturrs. — Thi*  Inwly  is  .slmrt  and  thick,  without  striking  external  features  of  any 
sort.  The  head-.sheath  is  marke<l  off  l)y  its  light  constriction  from  the  remainder  of  the  body. 
Considerably  to  the  right  of  the  dorsal  median  line  is  a  small,  shallow  furrow  running  obliquely 
backward  and  corresjK ending  t  >  the  striate<l  area  of  other  RattnlitUp.  This  is  very  incons|)icuons, 
so  that  it  ni;iy  very  easily  )»f  ov»'rl(M»kc<l.  In  some  s]>e:-imens  it  ai)])ears  to  extend  less  than  half  the 
length  of  the  animal:  in  others  it  passes  to  a  iMiint  considerably  l>a<.*k  of  the  middle,  while  in 
still  others  it  is  sc*arccly  o}>servabh»  at  all.  Possibly  the  furrow  di.sappears  when  the  lorica  is 
distende<l,  as  bj'  strong  contra<*tion.  Tht*  form  of  the  lorica  shows  considerable  variation,  as  will 
Ik*  seen  by  a  comiwrisoii  of  tht*  figures  given  on  i>late  ix.  There  are  no  tei*th,  spines,  or  notches  at 
the  ant<'rior  edge  of  the  lorica. 

Corona. — This  is  of  the  usual  structure.  There  are  two  curves  of  cilia  at  the  sides  of  the 
coronal  disk  and  two  alM>ut  the  mouth.  A  nie<lian  dorsiil  club-shai)ed  process  exists,  but  no  lateral 
prot^esses  are  to  Ik*  ol)served. 

Anfrnna'. — The  left  lateral  antenna  is  in  the  usual  iMisition  (fig.  s:{).  but  the  others  have  not 
been  observed. 

Foot. — The  f<K)t  is  very  small:  it  shows  no  peculiarities  in  other  respe<'ts. 

TiH's. — There  is  a  single  bristle-like  t<K'.  u.sually  alKmt  four-fifths  jis  long  as  the  lorica.  but  vary- 
ing. In  .some  cast\s  it  is  little  more  than  half  the  length  of  the  lorica.  It  is  nearly  straight,  though 
there  is  a  slight  lK*nd  a  short  distance  from  its  Iwse,  like  that  to  Ik*  ol)served  in  Rattulns  stiflatns 
Gk>sse.  Closely  appressed  t^)  the  l>ase  of  the  main  t<H*.  so  as  to  lie  very  inconspicuous,  is  a  short 
snbstyle.  alK)Ut  one-sixth  the  length  of  the  main  t<K*. 

Internal  ortjans. — These  offer  nothing  jK^culiar.  Tlie  trophi  are  of  the  usual  ty])e,  the  left  side 
being  considerably  more  developed  than  the  right. 

Measnnnunts. — Length  of  IkkU'.  ().()S.">  to  0.11  mm.:  of  toe,  O.IWi  mm.;  total,  0.14  to  0.17  mm. 

Histonf. — Lauterl>om  (IH98)  li.sts  this  siKH.-ies  under  the  name  Ma,Hti(jiH*erca  pusilla.  but  does 
not  give  a  description.  Tlirough  the  kindness  of  Dr.  LauterlK)rn  I  rc»ceived  a  sketch  of  his  animal, 
which  shows  that  it  is  identical  with  the  rotifer  which  I  have  found  in  the  Great  Lakes.  I  have 
therefore  used  LauterlH)m's  sjK'cific  name. 

Di.stribntion.—  Rattnlns  ]>nsillns  is  rare.  I  have  found  it  in  Elast  Harbor.  Lake  Erie,  near 
Sandu.sky.  Ohio,  aiwl  in  iK)nds  on  Middle  and  South  Ba.ss  islands,  in  Lake  Erie.  Mr.  Rousselet  has 
sent  me  sixn-imens  collected  at  Hanwell.  in  England.  Lauterbom  (18U8)  found  it  in  the  bayous 
of  the  Rhine. 
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PESCRIPTIOXS  COMPILEM    FROM  OTHER  AITHORS. 

35.  Battulus  curvatus  Lcvainlfr  (pi.  xiv,  fi^^  121)). 

Synonym;  yinsihjiut'i'rtf  itn-nita  I^'vuihIit  ■1'»SM». 

Tliis  sixries  is  disliiijruislnMl  ]»y  tin-  Iniij;.  ryliiiilriojil,  slt'inlrr  IhhIv.  vory  stnui^ly  t-TirvcHl,  anil 
by  tlu'  proiiiiTU'iit  movalile  s]diie  iit  tli<'  Jiiitfi  i<>r  iiiur;;iii  of  thi^  Inrira.  Tin*  rathrr  Ion;;  lunKl-KhcHth 
is  K<*t.  off  from  tilt'  ImmIv,  as  in  nmst  sjM'rics.  by  a  slight  miist nation.  Thr  t<M»  I**  alwint  «»nt»-tliir«l  the 
length  of  tlu»  Ixwly.     ( )tlu*r  ib'tails  an'  not  j^ivt-n  by  Lrvandcr. 

Mfftsiirrmf'Hts.—'Lvn^ih  of  IkkIv.  0. lT<i  mm.:  thickness  of  iHidy.  o.n:{:j  mm.;  Icn^h  of  trn*. 
n.O.M  mm. 

DiHtvihntUni, — This  sin-^rifs  was  fonnd  by  Lrvantb'r  in  Finland  alon^  tlu*  shores  of  the  iHland 
Lr)fo. 

36.  Rattulus  dubius  LantiTlMini  (pi.  xiv.  fi^'.  V'V\), 

Synonym:  MiminjtH-rrm  ihihiu  I«(iutfrlKirn  •  IH'l'. 

Tliis  marine  siMM-ies  was  «lKs<TilH'd  brii-tty  by  Lant»*rlM>ni  from  a  single  sjiecimeii  found  near 
Helgoland.  The  iMxly  is  rather  short,  with  a  .»*li;rht  eonstrirtion  bi'twet'ii  the  head  ]N>i-tion  and  the 
remainder.  At  the  anterior  end.  both  dorsiilly  and  vt-ntrally.  a  triangular  projiM-titm  of  the  lorii'a. 
The  toe  al Hint  half  tin*  length  of  the  lM>dy:  without  Hul»styh's.  I^i-ngth  of  the  ImhU'.  0.11  nun.; 
thi<!kne.*»H  in  front,  O.o:<*j  mm.:  h-ngtli  of  Un\  (».(».*»s  nun.     ( )ther  details  not  given. 

DOUBTFUL  SPECIES,  SPECIES  IXSUFFICIHNTLV  !>ESCR1BEI>.  .\Xl)  SPECIES  WR0X<;LY  ASSOCIATED 

WITH  THE  RATTULID/E. 

Battulus  unidens  Stenn »os  i't)  ( pi .  x \ .  fig.  1 ."{.") ) . 

Synonym:  MiiHtigtH'*rrtt  nn/r/» /m  SifiinHi*.  «  Ij^i**,!. 

I  give  in  the  following  a  tran.^lation  of  Stenn m>s's  di-seription  of  this  animal.  His  ac'connt  of 
the  internal  organs  is  omitted,  since  tluse  show  nothing  iie<-uli!ir. 

•*  The  Ixuly  is  elongated,  eylindriral.  H-an-i-ly  narrowed  jMisteriorly.  The  head  i)ortion  is  HCit 
off  from  the  IxKly  by  a  line,  and  it<  length  i**  s-miewhat  less  than  its  width.  <  »n  the  ventral  Hide  it 
ai>iM»arM  to  lie  (deft  backward  to  tin*  lunindary.  On  the  dorsal  side  then*  is  a  ehitinous  ri(lK<^  or 
dorsal  kerl.  which  is  expended  forward  as  a  tooth.  At  its  bn)ad  basis. at  the  iHauichiry  of  the  heail 
portion,  a  small  oiniiing  i>  visible.  I)iir-«;d  seta-.  •»n  the  other  hand.  I  liave  not  found.  The  foot 
joint  is  alHmt  as  long  Jis  bmad.  narrowed  iH»».teri«»rly.  and  furnished  with  thnn*  s])ines  or  toei*.  the 
me<lial  oiu*  of  which  is  m<»re  than  half  as  loni^as  the  lM»dy,  while  thi*  two  latenil  ones  are  brintle- 
like,  equal  in  length,  and  somewhat  rurvt-d. 

"  Length  of  the  Innly  with  tin-  foot-ji>int.  o.-Mi  mm.:  thiekn«'*is  of  the  iHNly.  o.nrt  mm.:  length  of 
the  toe,  O.l'J.")  mm.:  of  the  substyles.  (i.o:;4  mm. 

**Tlie  roUitory  organ  is  fumislnil  with  aUnit  four  short  and  thick  tinger-like  ]Kii)ilhe.  The 
hirg«',cre.scent-sha|MMl  nnl  ey*-  is  fiirni>hed  willi  a  n-frartivr  Ims.  and  lii's  u|M»n  tlie  large,  oval  bniin.'* 
(Stenro<»s.  1S!W.  p.  14."n. 

It  will  1m'  notice<l  that  this  h]M'ii»-s  ai^n-i-*.  witli  Utitttihis  tfrnrllis  T«ssin  in  tlie  single  ti.¥>th 
at  the  anterior  end.  and  a]ii»ro,\imately  in  ihi- iNidy  fi>rni  and  in  tlie  t<M»s.  Possibly  it  should  be 
considertMl  a  s>nionyni  of  the  sjMM'ies  jn^t  nnnieil.  Or  it  may  have  Ih'i-h  describ«'d  fn)m  s]iec*iinen8 
of  Rnttnhis  svipitt  CTOs>e.     It  was  fonn«I  by  SteimN*?*  'u\  Lake  Nurmijarvi  in  Finhin«l. 

Rattulus  cuspidatus  StennM>s  f?i  (pl.  xv.  ilg.  !:«m. 

Svnnnvni:  yfinttii/iMfrtn  riisintliitti  St«"iinn»^  ■  I***.**!. 

ThiH  s])e<-ies  In-arH  mnch  res^'mblann'  to  liuUnhts  sn'/n'tt  <;os.>m'.  and  should  i)rol»ably  he 
identified  with  tliat  siMM-ies.  It  was  deM-rilx  •!  hy  StennMi-j  from  a  raimra  sketrh  made  some  time 
before  the  denu'ription  wjis  written. 

StennH)s  notes  its  resemblanre  to  /^  xny/Zo  (io>*ie.  but  f'on>iders  tin-  two  distinct.  The  Ixxly 
is  broadest  in  front,  and  gradually  narniw«'d  ti»ward  thi-  nar.  Tlie  ln-ad  sln-ath  is  M-t  i»ff  by  a 
slight  con.*ttriction.and  is  furnished  with  a  tooth  wlijrh  i-  -ai«l  to  risM  from  the  right  ventral  side; 
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the  fij^re  shows  it  to  ho  in  th*»  same  petition  as  the  t<  H)th  of  Hnftuhis  scipin  Gosae  ( q.  v. » .  The  main 
toe  is  nf)t  quite  half  the  length  of  the  Ijody,  and  is  fumishe<l  \\ith  two  sulwtyles.  of  which  one  is 
long  and  S-J^haped. 

The  ixvuliarly  fomuHl  hejiil-sheath .  the  sharj)  lateral  spine  at  the  anterior  end.  and  the  long 
substyle  are  considere<l  the  eharact^'ristir  features  of  this  sjni-ies. 

Length  of  l)o<ly.  o.:jo  mm.:  thickness,  o.^m;:  mm.:  h*ngth  of  t<H\0.l;{.s  nim.:  of  the  longest 
snl«tvle.  O.o.'imm. 

The  animal  was  found  in  Lake  Xurmijar>i  in  Finland. 

Battulus  roseus  Stenr(M>s  in  (pi.  xv.fig.  i:i7). 

This  .sj>t»cies  has  a  clos**  resemblance  to  Hattnlus  Imujlsttn  S^hrank  (Mastigoct'rra  birorntJt 
Ehrb. ).  from  which  it  is  said  by  Stenr<M^s  to  differ  diiefly  in  two  jM»ints.  ( )n«*  is  in  the  form  of  the 
b<Kly — in  this  .siHM-ies  broade>t  in  the  anterior  half  of  the  IhmIv.  while  Ruttnhis  Jnmjis*^tn  is  .said  by 
StennH»s  to  be  broadest  in  the  mi<ldle.  This,  however,  is  a  character  which  will  by  no  means 
always  hold  for  H.  hnujisttn:  it  is  not  at  all  rare  toftn<l  specimens  that  are  broadest  near  the  head. 
The  chief  point  of  diffen^nce  is.  however,  tliat  the  two  teeth  at  the  anterior  e<lge  of  the  lorica  are 
said  to  ]>e  on  the  ventral  side,  in  place  of  f»n  the  d«>rsiil  side,  as  in  H.  Unnjistfit. 

This  difference  is  unquestionably  sufficient  to  justify  the  formation  of  a  new  si)ecies.  But 
when  we  ccmsider  the  relation  of  the  anterior  tiH*th  in  other  RnttulitUv  to  the  dorso-dextral  striattni 
area  or  ridge,  and  to  the  metho<l  of  movement  of  the  animal,  as  descril>e<l  in  the  first  i>art  of  this 
paper,  it  is  difficult  not  to  question  the  pre.sence  of  two  teeth  like  those  of  Rattulus  longiaeia  Schrank 
on  the  rrtttral  anterior  margin  of  the  lorica.  In  Stenroos's  figure  ireproducetl  in  fig.  Vi7,  pi.  xv), 
which  .seems  clearly  a  dextro- ventral  \iew.  if  we  supi)ose  that  the  shorter  t<X)th  is  seen  through  the 
trans|>arent  heatl  of  the  animal  (  which  may  sometimes  1h*  done) .  the  figure  would  agree  throughout 
with  R.  Inn/fi.srt(i  Schrauk.  Stenro«>s  states,  however,  that  he  has  compiirecl  the  two  species,  and 
that  thev  are  different. 

Length  of  Ixnly.  0.:^^>  mm.:  tliickn**ss.  o.Os*)  mm.:  length  of  t«H*.  o.'>l.s  mm.:  of  the  substyle, 
0.05  mm. 

This  s|H'cies  was  found  by  Stenr<H»s  in  Lake  Nurmijarvi.  in  Fiuland. 

Battulus  brachydactylus  <ilassrott  «pl.  xiv.  fig.  vn\). 

Synonym:   Mnxfiij<Ht  mi  hrnrhi/il.irtt/ln  <r1ji.sM<Nitt  il'^S". 

I  coj)y  lien^\Nith  the  entire  ace«iunt  (as  well  as  the  figure*  nf  this  s{HH-ies. 

'* Sift.  rh. — Body  irregularly  cone-shaiKMl:  head  lumpish:  t«H'  >tyle-like.  short,  straight,  no  sul)- 
styles.  no  ridge. 

"AllitHl  to  .1/.  .v////'^/'/  [ /^r///;//*/.s  .vf ///♦(///.<  Gosse).  but  bn»;idt*st  at  the  head:  Yhh\\  an  irregular 
cone.  puckere<l  into  constrictions.  ])ut  not  giblxnis  in  the  middle:  the  toe  straight  and  finely  ])ointed. 
only  one-fourth  the  biigtli  of  the  ImmU*:  no  sul)style>:  gait  wol)])liii^. 

"Ilahiftif.  —  A  ]>ond.  County  Wexford.** 

It  is.  of  course,  nf>t  entirely  evident  froui  the  alxjve  des<-ripti(»ii  th.'it  this  animal  is  really  one  of 
the  Rattn/iiltf  at  all.  and  it  is  doubtful  if  the  description  and  figure  are  sufficient  to  permit  of  ittf 
rei'ognition  if  found  again. 

Battulus  antilopseus  Petr  ( IsVK) ». 

This  may  have  l)»*en  hinrelht  tiijris  Miiller.  though  from  the  figure  and  des<*ription  it  is  impos- 
sible to  W  certain.     The  descrii)tion  given  by  Petr  is  as  follows: 

•*Bo<ly  cylindrical,  somewhat  narrowing  toward  lx»th  ends:  f«M)t  broad,  one-jointed,  ending  in 
two  toes  bent  toward  ea<*h  other  sickle-wi.se:  these  alxmt  lialf  the  length  of  the  IxKly.  At  the  liase 
they  are  provided  with  two  pairs  of  little  spim's.**     <  Petr.  I^IN).  p.  2*2*2  k" 

The  figure  resembles  a  |K>orly  drawn  contracted  s])e<*imen  of  /hurtlla  titjris  Muller.  with  the 
toes  strongly  lient  in  opi>»site  direi»tions  and  <-rossing  «»ne  amjther.  This  condition  of  the  toes,  on 
which  the  new  .species  .seems  to  l>e  ba.sed.  is  almost  certainly  due  to  distortion.  A  species  so 
inadequately  de8i'ril)e<l  and  figure<l  can  only  l)e  dropjie^l. 


o  For  the  tran-slation  of  this  diagnosis  frum  the  orivrinal  Cz«<:h  lAn^niaf^.  in  which  it  was  written,  I  am  indebted 
to  Prof.  Oeorge  Rebec,  of  the  University  of  Michi<?a*Y. 
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"Battulusliinarifl"  (pi.  xiv,  fi«8.  Kll.  18*^*). 

(Trirhiuhi  /ifiifii-iN  MUlliT.  I'TU:  liuttuhm  hnmriH  Klm'iilwrj;.  \K^\  MtiAtitjtM'fmi  luiinriM\V*'itw»\  IH4T. ) 

•'  Rditnhis  IitnttriH"  was  evidently  dewrilKMl  from  one  of  tlir  sin.-illrr  Hiw-^-ies  of  f}iitrt*lla.  bnt 
the  (lescriptioiis  havel)e«»ii  s<^)inexaft.and  iM»rlm]»s  erron^'ous,  that  it  semis  iiii]N)SHihle  to  rci'itgn^ize 
the  animal  with  cert^iinty.  In  fact,  it  is  prolmble  that  several  diffen'nt  spvcii-H  of  I>ittrf*ilfi, 
iniMvnnitely  olwerved.  have  iKM^n  ^iven  this  name,  so  that  it  was  n'ally  a  cullet'tivi*  dtwifpiation. 
which  ran  not  1m»  n*.st.ricted  to  any  ]»articnlar  siMH*i»'s. 

JndKiHK  from  the  deseri])tion  and  fi^ire  of  Khn'nlHM*;;  (1«:W).  /inttuins  tiiiHiHahfM  a  t^tTiking 
resemblanre  to  OinrvlUi  hnirhifura  (tos.s<'.  The  fonn  of  the  li<Mly.  the  ]N»Hitioii  of  the  foot,  the 
length  uf  tfH»  ndatively  to  that  of  tlie  ImkIv,  and  the  unann«»<l  iinterior  e<lK«'  of  lori<'a.  are  striking 
point**  of  similarity.  Hut  FilirenlnT^r  assij^is  to  this  animal  two  ey<*s.  wliieh,  if  rredite<l.  |ireveiit« 
the  identitieation  of  the  two.  Ehrenl»erj^  decidt^lly  fmpha.'tizes  the  i»r«'s«»nc'e  of  tlu'  two  «»yi»s:  names 
the  animal  **  Brillenratt<'**  on  ac^'onnt  of  them,  and  disruss  s  their  position,  in  a  way  that  makes  it 
difficult  t^)  believe  he  rould  have  been  entirely  mistaken  as  to  their  existence.  A  nuinln»r  of  other 
inve.sti^ators.  notably  Eichwald  (IS47).  Perty  (1N.V2).  Biirtsch  (1>*7T).  and  Wit^nwgski  (IH0:0.  have 
reiM)rt4*d  tindin^  KhrenU»r^'s  linttnhis  In  nan's,  and  Eichwald  cs]M'cially  mentions  that  it  can  be 
distinKuishe<l  from  <*li>sely  related  siM'cies  by  the  two  ryes.  EhrenlnTK  states  also  that  the  toe  iA 
sim])l(»  and  stylifonn.     Two  of  his  figures  are  reproduced  in  tips.  181,  \:i2. 

Weiss<»  (lN-17)  descrilH's  jis  Musfiffnm-rn  linmris  what  he  conMdt*i*s  to  1h»  MiUler's  original 
species.  \Veis.se*s animal  had  hut  nnr  r//r.  and  he  st*«'ms  toinclini*  to  the  belief  that  the  iM^iKimient 
of  two  eyes  to  this  animal  by  other  obs*^r vers  was  a  mist;«ke.  He  notes  that  he  himstdf  hiul  reiK>rted 
finding  Ehn'ulierj^'s  linUHlns  Innnris.  but  that  after  once  noticing  the  sinjrle  t\ve  he  was  never  again 
able  to  find  s])eciinens  with  two.  But  Weisw's  description  din's  not  helj)  j^reatly  in  de<'idinK  what 
animal  should  l>e  calh^l  ///»////•/,•«.  owin^c  t<»  the  fju-t  that  his  d<»s«Tii»tion  was  evidently  l»ase<1  on 
obst*rvation  of  at  least  two  different  animals.  He  says  tlmt  som«'  siH»<'imens  had  the  t^M'alKmt  one- 
third  the  leujirth  of  the  Inxly.  while  in  othei*s  tlie  t(»e  was  full  half  the  lenjrth  of  the  Ixnly.  Tlie 
former  is  represented  in  his  tip*.  A  and  '),  the  latter  in  his  ti|r.  i\.  Jud^n^  froni  his  dewription  and 
figures,  the  fonner  may  have  l)e<*n  Dinrclln  Itnirht/uni  (rosse,  tin*  latter  Piurrfln  trmtinr  G<.>8He. 
But  thtTe  is  no  statement  as  to  the  pn»s«;nce  or  al)sence  of  tt^'th  at  the.  ant««rior  e<l^p  of  the  lorii*a. 
and  the  figurt»s  and  de.scriptions  are  in  other  respe<:ts  also  s<i  ;^eneral  in  character  that  it  is  qnite 
inipos.sible  to  l)e  certain  in  the  matter. 

Takinjr  all  together,  it  seems  mvessary  to  let  the  name ///«rrr/.s  dro]).  it  In'ing  imiNtssible  tti 
rei'Ognize  any  definite  siMH'ies  as  corresjionding  to  the  di'M-ription  jdven. 

Dlstemma setigerum  EhnmlMTi;  (]d.  xiv.  fig.  184). 

This  animal,  from  the  structure  of  its  t<H*s  and  its  gr'iieral  apfiearance.  seems  to  Ixdong  to  the 
RnttuUthr,  where  it  would  1m»  assigntMl  t^»  the  j^enus  hinnUn.  But  the  assignment  to  it  of  two  eyes 
by  Ehrenl>erg  ]>revi'nts  its  identification  with  any  known  species.  EhrenlN-rg's  .**iMM'ific  charactera 
are:  Binly  oblong-ovate:  the  two  eyes  re<l:  the  to«is  seta-like  and  d^vurveil.  lie  mentions  the  fact 
that  it  might  easily  1h'  c(Hifounde<l  with  Rtiitnlns  {hi nan's). 

Bart*«*h  (l^TT)  rf»i>orts  this  sjwcies  fr«)m  Hungary. 

Monocerca  valga  Ehrenln-rg  (  IKJN). 

As  note<l  by  Hudson  tV:  (toss<*  (  IhhJ)).  this  was  apparently  a  male  rotifer  of  some  s«>rt. 
" Battulus  cimolius "  (iosse  (Issd)  (pi.  w.  fig.  v\s). 

There  is  nothing  in  (fosse's  description  to  indicate  that  this  animal  Ih'longs  to  thi»  lit  tt  fit  lido?, 
except,  ]M»ssibly,  the  unsymmetrical  tropin.  But  tliis  is  a  character  which  is  not  at  all  rare, 
as  Lund  ( !H<>i).  p.  7())  Inis  obs«*rved,  in  various  Xntnmuiataiia-.  Fi»r  the  rest,  all  the  charairters 
mentioned  by  (losse  an>  quite  foreign  to  the  Haiintata'.  but  are  characteristic  for  some  of  the 
Nainminatailiv.  The  skin  is  fli'xible  (there  iH'ing.  so  far  as  c^in  1m»  judge<l  from  d«*.sc.ription  or 
figur«\  no  sign  of  a  lorica):  brain  oiiju^ue:  t(M's  bhide-like:  there  are  no  su))styles:  api>an>nt1y  no 
eye:  aurich's  pres^^nt  on  corona.  None  of  tln*.se  characters  are  found  in  the  Rattiil'nhv.  .so  thiit  it 
seems  that  there  is  absolutely  no  gr<mnd  for  including  this  siM'cies  in  tli  •  jire.sent  family. 

(jo.ss<*  found  oTie  siM'cimeTi  at  Sandhurst,  li«*rks.  England:  another  siKicimen  in  a  ikk*1  near 
Binningluun,  Enghind.     Glass<*ott  (  1H1)8)  re]>orts  finding  it  in  Tndand. 
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Battulus  calyptxis"  Gosse  (1«8»)  (pi.  xv,  fig.  i:J9). 

The  cant*  HtamlH  with  this  spei-ies  a«  with  "RaftiiinM  riimflius."  There  is  nothing  in  Gosse's 
figure  or  description  that  ^ives  the  least  indication  that  this  organism  is  one  of  the  RnttnUila'.  It  is 
without  a  lorica:  t<3es  bljwle-shai)ed :  brain  ck»ar:  no  eyes:  face  fumisheil  vnth.  ••])endent  veil-like 
lobes  of  flesh."     The  animal  was  marine,  l)eing  found  in  the  tide  jmjoIs  on  the  Scottish  coast. 

Fcmnd  also  in  Ireland  (H»>o<l,  1.S95). 

Coslopus  (?)  minutus  (jos.se  (18><9)  (pi.  xv,  fig.  144). 

This  spe<*ies  was  descrilMHl  from  a  single  siKH^-imen.  whicli  wjis  nearly  dea<l.  Only  its  general 
appearance  gave  it  any  claim  to  1)6  placed  among  tlie  linttuliihv.  for  in  its  other  characteristics  it 
gave  little  indication  of  l>elonging  to  this  family.  It  hc-id  two  eyes,  wide  a]>art:  apparently 
no  mastax  or  r«>tatory  organ.  The  t(>^  ai)i)eare<l  to  \w  a  single  short,  slender  spine.  In  place  of 
mastax  an<l  trophi  there  was  a  tul)e  leading  from  the  anterior  en<l  to  the  stoma<'h.  The  Inxly  was 
thick,  short,  and  rounde<l:  the  fcx>t  short  and  thick.  The  animal  was  exc4*ssively  minute.  lx*ing 
but  ().().■)  mm.  long.     It  was  found  in  Black  Loch,  near  Dundee.  Scotland. 

Glasscott  (lH9.*i)  reports  finding  a  dea<l  s])ecimen  of  this  animal  in  Ireland,  and  says  that  the 
toes  were  two  broad.  de<'urve<l  blades,  exactly  alike,  and  stretche<l  out  in  a  line  with  the  Ixxly.  If 
her  specimen  was  really  the  same  as  Gos.se*s,  this  account  of  the  toes,  of  cr>urse.  removes  all  reason 
that  may  have  exLste<l  for  considering  this  one  of  the  Rattuluhv. 

Elosa  worrallii  Lord  (1S91)  (pi.  xv.  fig.  140-14:{.i. 

This  rotifer  was  a.s.signed  by  Lord  to  the  Jiatfuliikf.  so  that  an  acc<mnt  of  it  should  perhaps  be 
given  here.  The  animal  is  without  a  foot  and  toes,  but  in  some  resT>ects.  notably  in  its  a.symmetr}', 
it  perhaps  does  show  s^^me  resemblance  to  the  Rattftlida'.  I  should  consider  that  it  belongs  rather 
with  the  genus  Ascomnrphit:  others  of  this  genus  have  srune  j)oints  of  resemblance  with  the 
Rattulidtv.     Lord's  description  (Lord,  1S91.  j).  "VIA)  is  as  follows  (srmiewhat  a])ridged): 

"Lorica  ovate,  widest  l)ehind.  trilolwite  in  optical  section:  eyes  two,  one  frontal,  one  cervical; 
trophi  un.s\Tnmetric^l :  foot  and  toes  absent.  The  lorica.  wliich.  as  state<l.  is  three-lobed.  is  on  the 
dorsal  asjiect  oval,  widest  l)ehind.  with  a  po.sterior  rounded  projection,  the  continuation  of  the 
dorsal  lol)e.  There  is  a  i)eculiar  crescentic  oi)ening  posteriorly  on  the  left  un<ler  side,  ^^.sible  both 
on  dorsal  and  ventral  iis]H.»cts.  *  *  -  ()n  the  sides  of  the  head  are  two  triangular,  movable 
pie<'es.  the  jMiints  of  which  can  l)ema<le  to  meet  and  protect  the  retra<'ted  corona,  much  as  in  (UvUfpns 
jHPrreUits,  an  e\ident  api)r<3a<'h  to  the  more  perfect  defensive  armature  of  DintH'han's.  The  cervical 
eye  is  dark  and  rather  large:  the  frontal  one,  which  is  to  the  right  of  the  median  line,  is  .small  and 
pale,  and  in  many  of  the  s])t*cimen.s.can  1m'  easily  overl<M»ked.  Tlie  mastax  is  long.  i)ear-shai)*Hl.  and 
three-lolKMl:  the  trophi  are  protmsile  and  as\^nmetrical:  there  is  a  long  fulcrum,  with  a  terminal 
knob.  The  left  manubrium  is  nearly  as  long,  while  the  right  one  is  short  and  rudimentary.  The 
stomach  is  generally  filled  with  bro\vn  alimentary  matter,  and  then*  is  adi.stinct  intestine,  which 
in  newly  colle<*tefl  s]M'cimeiis  is  invariably  of  a  pale-green  color:  neither  siilivary  nor  gastric  glands 
were  dis(*overable.  and  I  think  they  would  hardly  have  es<*aped  notice  had  they  l)een  present." 

Bothriocerca  afiOnis  Eichwald  (1S4T)  (pi.  xv,  fig.  145). 

This  animal  was  e\idently  a  sj)ecies  of  Dinrelia.  but  what  spH-ies  it  is  imx>ossible  to  dei^ide, 
owing  to  the  indefiniteness  of  Eichwald's  figure  and  des<'rix)tion.  In  fact  it  was  prol>ably  desc-ril>ed 
from  ol)servation  of  more  than  one  of  the  smaller  species  of  Dhirt'iln,  for  he  says  that  sj>ecimen8 
found  in  pools  near  Kaugem  differed  from  those  found  in  the  Drixe.  in  the  presence  of  a  small 
toiHli  at  the  dfirsal  and  ventral  anterior  margin  of  the  lorica.  Eichwald  ]ia<l  thus  e\idently  at 
least  two  different  8pe<*ies  l)efore  him.  though  they  were  descril)e<l  as  one. 

Eichwald  says  that  the  "foot"  (meaning  what  is  now  calle<l  the  to*')  hatl  a  longitudinal 
furrow;  this  appearance  wjis  due  of  course  to  the  space  In'tween  the  two  toes.  Altogether  it  is 
evident  that  Iwith  the  generic  and  spr^-ific  names  must  l>e  droppe<l:  the  former  as  sj-nonvTnous 
with  Diureiid.  the  latter  l)e<'ause  the  siKJcies  is  unrecognizable. 

Bothriocerca  longicauda  Daday  (iss9;  (pi.  xv.  fig.  14«). 

This  marine  organi.sm  Daday  apjMirently  clas.ses  with  the  liattnlida'.  As  the  description  is 
in  Hungarian.  I  am  unable  to  nuike  use  of  it.  In  a  brief  German  resume  Daday  (189<))  says  that 
this  species  differs  from  Bothriocerca  a ffitt is  Eichwald  in  the  fiwt  that  the  anterior  edge  of  the 
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lorica  has    several  excavations,  and  that  the  t<x»  is  very  long.     Other  (characteristic's  mnst  })e 
jndged  from  the  fijarnre  (pi.  xv,  fig.  140.) 

Heterognathus  brachydactyla  Schmarda  ( 18.59). 

This  species  is  so  inadecjnately  described  as  to  l>e  (juite  unrecognizable,  so  that  it  will  have  to 
be  dropped  completely. 

Heterognathus  notommata  Schmarda  (1859). 

lusnflBciently  descrilied  for  r<M*ognition.     The  figure  Invars  a  slight  resemblance  to  DiureUa 
tenuior  Gk)sse. 

Heterognathus  diglenus  Schmarda  ( 1859). 

This  was  not  one  of  the  Rattulidw.  but  a  Oiylena.  apparently  Digleiui  catelliua  Ehr. 


DISTRIBUTION  OF  THE  RATTULID^. 

As  an  examination  of  tb(»  foregoing  list  will  show,  of  the  'M\  well-established 
species  25  have  been  found  in  Anieri(?a  and  'V2  in  EuroiK*.  Four  spi^cies  descrilK>d 
from  America  liave  not  yet  been  found  in  Europe;  these  are  Diurella  in.signvi  Her- 
rick,  RuUuhus  muUicrinis  Kellicott,  K.  nnwostis  Stokes,  and  R.  hicuspes  Pell. 
Eleven  European  species  have  not  been  found  in  America,  namely :  DiureUa  roiisselefi 
Voigt,  D.  didon-iiutUtUi  Jennings,  I).  SfjnnrtipHS  Gos.*ie,  /).  collaris  Rousselet,  D. 
helminihodes  (iosse,  I),  marind  Daday,  D.  J)reri(l(irf{/la  Daday,  Rafftdu.s  lophoessus 
Gosse,  R,  stylaffis  (ioss<%  R.  rurrafu.s  Levander,  and  R.  duhiius  i^aulerlHn*n. 

It  is  not  improbable  that  all  the  si>ecies  found  in  Europe  \v\\\  in  time  l)e  found 
in  this  country,  and  that  future  workers  in  Europe  will  detect  the  four  American 
species  there.  It  was  only  within  a  few  yi^ars  that  Rfttftdus  hdu.s  Jennings  was 
descril>ed  from  the  United  States;  it  was  soon  after  found  by  Stenroos  in  Finland. 
Several  of  the  species  des(*ribed  in  this  paper  for  the  first  time  are  shown  to  be 
di8tri])uted  in  both  Euroi)e  and  America.  1\^n  of  tlie  species  here  listed  from 
America  were  not  known  hitherto  to  exist  in  this  country. 

Some  of  tb(»  l)ett^r-known  sp(M*ies  are  shown  to  have  a  very  wide  distribution. 
For  example,  DiurelUi  ficjris  Miiller  has  been  found  widely  distributed  in  Europe 
and  America  and  in  India,  New  (ruinea,  Natal,  and  (Vylon.  DiureUa  U^tiuior  Gosse 
has  becm  found  in  New  (Guinea,  Natal,  and  New  Zealand,  as  well  as  in  Rlurope  and 
Am(irica.  Rcdfidus  cariuatus  Lanmrck  is  recorded  from  all  parts  of  Europe  and 
the  United  States,  anil  from  New  Guinea,  Geylcm,  and  Australia.  It  is  probable 
lliat  the  group  as  a  whoh^  will  be  found  to  have  a  cosmopolitan  distribution. 

Of  the  25  American  specii^s  23  hav(^  been  found  in  Lake  Erie.  A  cbaract^eristic 
feature  in  the  distribution  of  these  animals  is  tb(»  fact  that,  many  species  ma}'  be 
found  in  a  single  restri(?ted  area.  Thus,  from  a  small  pool  not  more  than  'M)  feet 
across,  in  the  Huron  River  at  Ann  Arbor,  Mich.,  14  species  were  taken,  6  species 
of  DiureJIa  and  8  of  Red  tutus.  From  East  Harbor,  Lake  Erie,  20  species  have  been 
taken;  this,  however,  is  a  rather  extensive  region. 
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132.  Side  view,  aftor  Ehrenborjf  ( 1H3K). 
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Platk  XV. 

RnttHluH  i/iifV/nix  Stenro<»s  (  •  2fl8»,  after  StenrooB 

(1«»S«. 
RattitlUM  rtmpiflfttHs  SU'urooH  \      4.'iUi.  after  Stenrooa 

(IHllht. 
Rnttuhtjt    nMcuM    StoiinMis   i  •  23i»i.    after    Stenrvioa 

n8«»i. 
*•  Rdttuliis  r/iiifi//iiK*'  (l<jKH(>.  aftfr  (t«ihh««  «1SK9». 
"  Rtittnhiti  volif/ttiis"  (}(isHe.  after  (4<>hhi»  i  1HW>i. 
f.VfMfi  wnrnillii  I.f(ir<l,Hide  viow.^lrawn  by  P.  R.  Dizon- 

Nuttall. 
Khuiii  trni-fuUii  Lnrd,  tr(i])hi,  <irawii  by  F.  R.  Dixon- 

Nuttall. 
KbuM  irurraHii  Lonl.  ddnuil  view,  after  Iy»rd  MHMl). 
KloMi  irnrralln  Lord,  Hoction  of  iMidy,  after  L<.>rd 

'•(.'trhtfnitt  (fi  iniiintus"*  (4<m.se.  after  <»<i«He  tlHHS*), 
Hnthrif»rrt'tti  ajftinis  Eirbwald,  aft«*r  Eichwald  i  IH47>. 
Hitthrhu'vrcu  Unujivnuila  Diiday,  after  Daday  (1HK9.>. 


al.  alula. 

br.  brain. 

r.  I',  contractile  vacuole. 
d.a.  d(»r8al  antenna. 
f.  eye. 
/.  foot. 

fu.  fulrnun. 
g.  g.  KHMtrii*  gland. 

(//.  trland. 
h.9  head-tfheath. 


Abbreviations  used  in  the  plates. 

in.  inte_»«tim'. 
/.  left. 
/.  'f.  left  lateral  antenna. 
/.  mu.  left  inannbrinm. 
/.  t.  left  t<ie. 
m.  mtmtli. 
VI.  ij.  nnu'iiM  fi^laud. 
m,  r.  uiuouH  rej*»»rvoir. 
mu.  uianiibrium. 
mx.  uuuftax. 


tv.  fvsi.ipbafniH. 
nr.  ovary, 
r.  rigbt. 
nr.  ramus, 
r.  mu.  ri«bt  nuinubrium. 
r.  t.  rijcbt  t«H». 
i^K  spur. 
Ht.  stoma<'b. 
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NOTKS  ()\  SOMK  I  Ri:SH-\V ATKR  FISHES  FROM  MAIXF,  WITH 

nFS(  RIITIOXS  OF  TIIRFF  XFW  SIMXIFS. 


By  WILLIAM  CONVERSE  KENDALL, 
Assis/df//,  I  uited  States  Fish  Comviissnm. 


About  forty  yt'ars  a^o  Kzekiei  Holmes  piil)lishi*d  a  list  of  the  tishos  of  Ma'no/' 
chiefly  compiled  and  containing  hut  few  fresh-water  species.  Over  thirty  years  later 
the  present  writer  published  a  report''  ujwjn  an  investigation  of  the  fresh  waters  of 
Washington  County,  which  contained  about  the  tirst  record  of  ol)servation8  upon 
Maine  fresh-water  fishes  since  Hohnes's  publication.  Prior  to  this  time  there  had 
})een  no  systematic  collecting  in  the  iidand  waters  of  the  State.  In  the  four  years 
immeduitely  following  some  small  collection.^  were  made,  uiK)n  which  there  ha^^  been 
no  detaileil  rejx)rt. 

In  IS9S  the  Tnited  Slsites  Fish  Commission,  realizing  that  knowledge  directiv 
valuable  to  lish-culture  and  indirectly  to  the  public  could  be  derived  from  a  study  of 
the  landlocked  salmon  and  its  native  habitat,  detailed  the  author  to  make  such  an 
investigation  of  Selrago  Lake  Inisin.  Since  then  up  to  the  present  time  the  fre>h 
waters  of  Maine  have  received  considemble  attention  and  a  large  amount  of  important 
information  has  l)een  obtained. 

In  ten  years  22  salt  and  fresji  watt'r  species  not  previously  recorded  from  the 
State,  VI  of  which  are  fresh  water'  forms  and  X>  of  which  are  n(»w  to  science,  have 
})een  found.  This  nii>es  tln'  li>t  of  native  fn'sh-water  (including  anadromous)  fishes 
from  3.")  to  47  specit's.  Others  have  had  their  recordt'd  range  considenibly  extended 
in  the  State,  and  some  which  have  not  been  recorded  since  their  description,  or  known, 
perhaps,  from  ordy  a  >ingle  locality,  have  been  found  widely  distributed.  These 
statements  are  not  astonishinif  when  the  <rn'at  extent  of  the  fresh  waters  in  the  State 
and  the  small  amount  of  work  done  tlu're  an*  tak(Mi  into  considenition.  There  still 
remains  a  large  unexplored  area,  and  doubth*^s  other  forms  new  to  the  State  and 
perhaps  new  to  >ci(?nc(»  may  be  discovered. 

It  is  not  the  aim  of  this  pajKM'to  enter  into  the  details  of  the*  results  of  this  work, 
this  })eing  reserv(Kl  for  a  future  more  comprehensive  paper,  but  to  call  attention  to 
a  few  interesting  fresh-water  species  of  Maine  fishes  and  put  on  record  some  ob>er- 
vations  resrardiuL'  thcMu. 


•»Seruii«l  Annual  Kc|M>rt  iijMin  lh<-  Naliiral  m.-tory  an*!  Gnilouy  "i  MawM-.  l^V*. 

'•Notes  on  thf  Fre*>h  water  Fj»Im-««  ol  Wa'-hiiifrton  County.  Mo.       Hulktin  I'.  S.  Fish  Coinnii.'ssion  iny**.  W.  t 

'Thf  U'ldition.H  to  the  fp'-h-wat'-r  faunal  li^t  othirtimn  tho-i-  i-i.  :ition<-d  in  tlii««  iminr  an*  :  1 1  ihnpMnuuM  t  iffthnHf^utti , 

■'li  S*  in'ttilu/<  ntromiirtihitiif.  1 1!  i    S'ttn.^tiit  miif^knkii.   '  li    i'ntu  tiiiiii  itl-t  nilf  >i>'.  '•">>    Fuinlnbis  iliniilnntnx.  (♦•(   Kuiii/in  in*^nuittinn. 

Of  marine  siKi*ir>  there  are  a  nunilM-r  reeonliil  in   >r<^neral  rum;e  but  rai'iilioned  fnun  m»  definite  ItM'ality  in  Maine. 

of  whieh   no  ae<'<>nnt  has  U'On   taken.     The  .salt-water  addition-  not  re<(>nle<l  as  extt-ndin^  .-<>  far  north  as  Maine  are 

«1  I    ynrnn*    in'riiit  iitnU»t.    r2  •  ^io.-tr  r*>yf' nn   irhfithimii,   {:\i    MutjU  riirt  mn,    <|     Sti  iittttnntiJt  rhri/m/jn'.    (/>i    i't  ntrnpritit(M  ittrhtttt*. 

'•»»    M' iitt'i  irrhiis  jenxnti/ii-.    iTi    I'yiuii'tfi'.-  i  ui  •p/hin.".    'S,   S/i/if  roiilt  f  imtrulittnx,    \\\\    Ijtitfininftffn  nutrulnttt.  niui  ilOf   JifUTiirtiit 

It'iinh.  of  whieh  }f.  snxotifiynu*\  M.  Iminh  have  Mot  |»revio«|v|y  Inu-n  iioi***!. 


35H  HI'LLKTIX    OK    THK    I'XITED    STATKS    KISU    COMMISSION. 

For  courtesies,  advice,  and  assistance  the  writer  is  ind(»l>t(Hl  to  Dr.  David  Starr 
Jordan,  president  of  Leiand  Stanford  Junior  rniversity;  Dr.  l^irton  W.  Kvertimnn 
and  Dr.  Iluirli  M.  Smith,  of  th<»  V,  S.  Fish  C'onnnission;  Dr.  Tarleton  II.  IWan  and 
Mr.  Kartou  A.  Bean:  ihr  connnissitMiers  of  inhind  lish  and  iranie,  o\'  Maine;  Mr. 
Khner  D.  Merrill,  of  the  T.  S.  DepartuHMit  of  A<>:riculture;  Mr.  Diiniel  (\iniiiiinjrs, 
proprit^tor  of  a  sj>ortsnian'>  camp  and  tish  and  t^anie  warden  at  S|u:uv  Lake,  and 
Mr.  John  A.  Storv,  of  the  State  rish-hatcherv  at  Caribou,  Me. 

The  drawintjTs  of  the  new  sjH»cies  are  hv  Mr.  A.  H.  Baldwin. 

Gatostomus  catostoxnus  (  FnrsiiTi.     Xorthcm  Surhr. 

Thi^^  HptH-ifs  is  kuiiwii  (•l^*ewhe^*'  by  various  ot hi* r  iiaiiii-s,  such  as  ''sinall-scalctl  >.ucki*r,"  "loii^r- 
nost'il  >u(k<*r."  "nM|-si«kKl  surker,"  t'ti-.  The  only  puljlishtsl  intimations  of  its  iM-currtMuv  in  Maine 
are  by  IV«»!.  C.  M.  llitrhrmk,"  who  said  that  a  rtMl-siiliHl  sucker  was  iHHMiliar  ti»  Kan^'i'lt^y  lakes,  and 
Dr.  A.  I^'ith  Adams,''  wli«)  inridiMitallv  refers  to  the  alnjve  l«K-alitv  and  save  the  fish  ikvufh  in  the  St. 
Croix  I <iike  waters.  These  are  imt  undou])te«l  referena-s  to  this  s|KM'it»s.  however,  for  the  common 
smoker  I  ^'.  nninnt  i'mihiH)  ofti'U  hiL*"  red  sides  thirin^  the  I^ntnlin^r  season.  I>r.  Adams's  n*ference  is 
(U'tinit*'  repirdinyr  the  Skiff  l^ike  Stream  sin^imens  identiticnl  l)v  I>r.  (iiinther.  but  Skiff  I^ke  Stream, 
thougii  tributary  to  the  St.  (Voix  lakes,  is  in  New  Hrunswiek,  and  I>r.  Adams's  identifi(^iti(»n  of  it  in 
(irand  I^ke  Stream,  where  he  pnM'unHl  his  '*Hilvery  trout,"  may  have  In^en  a  mistake,  owin^  to  the 
common  red-8ide«l  rhararter  of  bree<lin>r/".  roinm*'ri*tmii.  The  inferen«'e  is,  lioweviT,  that  this  Hiieeit-s 
mav  l)e  found  in  the  St.  ('mix  waters  in  Maine. 

TIu*  tirst  positivi'  evideniv  of  its  oefurn»nr»*  in  >hiim'  was  furnished  by  Mr.  Khner  Merrill,  who 
collcM'tefl  it  at  Cniijr  I»nM>k  and  s*Mit  it  with  some  «»t her  sfHi-ies  to  the  l".  S.  National  Mnnenm.  Mr. 
Merrill  eavc  the  writer  the  f«»lli>winjr  note  n.*tf;irdinjr  it: 

"Mr.  Atkins  Sit  vs  it  is  theeonnnon  su(*kt*r  of  Alami»oMHik  and  T«Mldv  ponds,  where  it  is  abundant. 
In  Crai^  IJnKik.  in  .Inm*,  mal»'>  were  seen  d»*vourin«f  the  ejrirs  as  last  a-^  e\trn«l»*d  by  the  females." 

This  siHfie^  has  «-in<i'  Ummj  eolU'etfd  by  the  writer  atnl  Mr.  riiixiias  W.  *  iouM  in  Ulasier  Ijike. 
wliieh  is  an  expansion  ut"  the  St.  Kraneis  IJiser.  tribntarx  to  the  St.  .lohn  Hiver.  anil  in  tlu-  "thorough- 
fare"  eonneetin^r  Lonu  Uikv  with  Cross  Lake,  of  th»*  Kairle  Uike .>*y.stem,  AnwistiMik  County,  in  OetoNT, 
l!K)l.  In  this  thorouirhfare  white-lish  wen-  spawniuL'.  and  this  su«'ker  and  f\  ttmnin'rsoiiii  were  fetnlin^ 
ujM)n  the  e^rjr**- 

This  Hpeeies  is  doubtless  more  widely  distributed  than  it  stvm.s,  but  }>ein^  an  inhabitant  of  the 
C4>oIer  depths  <»f  the  lakes,  it  is  s4*ldom  S4'en  unle.ss  in  the  breiHlin^  seiitioii  when  it  as(*end.*'  the  HtreaniH 
to  sjuiwu,  or  in  the  fall  when  it  follows  trout,  salm<»n,  and  whit(*-ti.sh  to  their spawninK-gxx>und8  to  feed 
uiMjn  tlieir  e^'jrs.  It  is  probably  never  ixM-ognized  by  tin*  inex|K.»rienee<l  obsi'rver,  who  «.»e8  in  it  only 
**a  sucker."  Like  its  <'on*;en«'r,  the  t'ommon  sucker,  it  varies  in  a«lult  size;  in  some  liHiilitieH  a  len^^h 
of  Is  inches  nr  more  is  attained,  and  in  othei-s  onlv  ti  to  10  inches.  It  mav  Im-  <listini;iiishiH.l  from  the 
comnion  sucker  l)y  its  loiiirer  iiosr.  thicker  lips,  and  smaller  s«'ale>. 

Leuciscus  neogaeus  i(N){»4'  . 

Trior  to  it>  di-cov«'ry  in  New  Brunswick  in  Isss,  anti  a^ain  in  isnri  l.y  Thilip  Cox, '' this  siHvie.** 
had  not  U-eii  recordefl  rast  of  \Visc(»nsin  and  Michi;rcUi.     It  was  found  l>y  Kendall  it  <iould  in  Bill 

"  "TUv  S't/inn  tHfiiti^'.'-n  <;iriir«l.  dt  tiliu'lmrk  imnt.  nii  iiiii-imiinoii  varloty  of  «lai'f,  aiitl  u  nnl  «.i«l«'il  vnekrr  art'  iKKMiIiiir  lo 
tlirM.'  wahT'.."     (<;i'i)lou\  of  MHiiir.Srtotnl  Aimiial  Ki'|Kirl.  Natural  History  and  (;i.-ol«>Ky  •»'  tlio  Stall-  of  Maine.    1K(U,X^.) 

'» ■'  I>iirint,'.luiM'.  u  lu-n  tlii.'  silvi-ry  »aIii]oii  tnmt  i^'iilciitifiil  in  tIu'.-tn.'anisconiH'i*tinvi  thr  various  laki-s,  tliuif  \h  found 
a*tMiciniri|  with  itn  rrd  Imnilcil  surkiT, .'» or  H  inrlii>  in  Irnirtli.  with  a  ]»rilliniil  n  •!  l»ar  cxti-nilin^  It-nKthwiM;  down  Us 
ii'uXvs.  I  fxaniinrd  srvi-ral  s|H;riiiii'ii>  of  tlii^i  lixli,  kimlly  prociind  lor  nn-  fnaii  skill  Ijiki-  ^in-ani  of  thtr  i'U.«*tvni  .Sc1i#iikIj«- 
chain  of  hiki-<,  liy  Major  Monk  and  •  'aptain  Wol-i-h-y.  Il  w.^i-niv  t<i  Im-  aly»  ifuind  in  thr  upiM-r  wati-rs  i»f  the  AudroMtiforifi 
in  thr  stall'  of  Maitn'.  hin  furthi-r  ihi  n-  arr  no  aiTount''  of  iiv  prrsi.'n<-f  nortli  •  f  ihi-  stati-  of  \'iTnioni.  where  il  win*  dU- 
covtTt-d  l»v  I^' Sui-ur  and  naim-d  ••>  him  t'lilnntmuuK  linnjiiitsfri.'.  Tlir  siM'fiiriii:>  nlnixr  ri'li-rn-I  to  \\i.t<.' cxnniini*<l  liy  l>r. 
(irmtlnr.  ^\  ho  jiiioriii^  lui- thai  ihr>  dilTrroiily  from  thi.o>pi'iii.i  jn  ihi*  liiiutii  of  ihi-anni  (in.  »vhiih  varii-s  accontinK  Im 
MX  aiiil  Hi'a«^»n."  M'iild  and  Kor«">t  Kanil>'ti-^,  witli  -N'ntr-  and  ohxTvalions  on  thi;  Natural  Hi-tt»ry  of  K^tsliTii  Caiiailn. 
1S7:-.. -J.VJ.) 

••  Ih-toiy  Mini  pn-MMl  -lair  of  ili«<  h'hili\olou\  ni  Ni  v\  l!ruii>i\  irk.  willi  a  ralalo^iiv  of  jt>  frc.oh-Malcr  and  nmrinc 
lislii'!*.     (l$ullctin  XIII,  Nainral  ni>loiy  >iMirty  of  New  Hrunswiek.     lv.»->.  41. i 
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Figh  Brook,  a  tributary  of  the  eafst  braiirh  of  the  Penol)tH'Ot  River  alnuit  a  mile  Ik»1ow  Matagamon 
Lake,  in  Se<'on«l  or  MataganioiiHis  I^ke  in  Octolx^r,  1900;  in  thefH.*  same  plaices*  an«l  in  a  »nall  pond 
near  Hale  PoimI,  Wt»st  Hranch  of  the  Penol»seot,  in  Aiigugl;  Smith  Brook,  outlet  of  Haymo<^k  Lake,  a 
tributar>'  of  Kaj;le  Lake  of  Aila^a>*h  Kiver,  in  Si»pteml)er,  an«l  Cn:»t<«  I^ke  Thonmghfare,  Arooet(X)k 
County,  in  Oetolx^r,  1901.  In  St^ptemU'r,  UH)2,  it  was  obtiiine<l  by  the  sjuiie  e«»lleetor»'  in  Lunkasooe 
I^ke,  which  empties  into  the  ea.*»t  branch  of  the  Peno]>scot. 

This  is  a  l)eautifnl  little  minnnw.  The  small  exampUv  are  not  easily  distingiiisluNl  by  color  from 
('hroMjinnj*  t'rtjt}innjnMt'i\  which  usually  <K'curs  with  it.  An  examination  oi  the  pharyngeal  t<H.*th, 
however,  will  qui<*kly  de<'i<le  the  mattiT,  (Itrnmnnn.^  having  but  a  single  n>w  on  each  Inuie,  while  the 
otlier  has  a  double  row.  Some  tliffen'n«*t*s  <K'cur  in  the  Maine  sj>ecimens  from  tlio«*  from  farther 
west,  to  whi<-h,  tliough  n«»t  to  separate  them  as  distinct  sj>eoit»s,  it  is  desirable  to  call  attention.  These 
will  l)e  shown  in  the  accompanying  tabic,  from  which  it  will  K*  i^oy^n  that  there  is  c<»nsiilerable  varia- 
tion amongst  them.     ('<ix  mentions  still  mon*  in  New  Bnmswi«-k  sjun-imens. 

The  writer  was  privilt*ge<l  to  examine  s«ime  of  the  New  Bnniswick  spivimens,  whi<'h  were  <*onsi<l- 
erably  det^jier  and  mort*  **stubby"  lish  than  any  «»f  ours,  with  very  sttvp  foreheads  and  excee<lingly 
pnDJe<'ting  lower  jaws.  These  were  doubtlt^ss  bn»e<ling  maU»s.  Some  of  our  s|>ei*imens  indicate  the 
Hame  form  l>ul  to  a  lc*sser  «legree.     This  seems  to  l>e  thi*  tirst  re<*«>rd  of  this  sj>ecies  from  Maine. 


i  H 


Tnhle  ft/ projHjrtinii'il  niti3<iin  nimts  Iff  Jjt'ueifu^im  m'tt(j:ius  from  }faiue. 

[Bill  Fi.-h  BnK»k.  S«-ptcnilHT  7.  lyul.j 
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Leuciscus  carletoni  Kendall,  new  sjxhmcs.     f'huh  Minnoir. 

IIead4.:i.\in  length;  depth  A.KV,  eye  4.44  in  head;  snout  :i.:«;  I),  i,  S;  A.  i,  S;  n-ales  12-7:1-18; 
t<»eth  2, 5-4,  2.  I^nly  elongate,  rounde<l,  back  little  elevate<l:  head  l>lunt,  the  profile  nio<lenitely  stiMtp; 
mouth  terminal,  o»»li<|ue:  maxillary  :i.:*.:5  in  hea<l,  with  small  ljarl>eljust  alxne  it«  extremity;  jaws  huI>- 
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oqiial;  iiiiiiiclililr  2.Kr>  in  lii'iul;  IhUthI  lino  i^lijflitly  •li-cnrviil.  ncnrly  i-<>iiUiiiii>iii',  hIm'iiI  only  on  laM 
Brale;  wali'i' riithcrHiiiall.  IhiiviU  Ihi  iiiinTtt'<l  beliiml  fnnit  iif  vcntrnl,  ilii  lu'ifclit  l.L'.'i  hi  hetul;  anul 
l.ri:S  ill  hoail;  ixH'tnr.il  tiinl  vciitnil  nf  inixti-rati'  Icntctli.  llic  foniuT  l.'>:tH]ii)  the  Intti-r  1.K1  in  heail. 
PeritoiK-uiii  palp. 

Coil iratii 111,  alx)vi',  ilnHky  (ilivi-,  wiincnliat  j'jKi-kliii  willi  bniwii;  an  irn-pukr  diiHky  wtripp  alone 
Iho  liilcral  liiif  lo  liaw  nt  I'simUI,  i-nilitiK  hi  »  muihII  lilwk  hihiI;  U-Ihw  iaierai  line  cn-atiiy  white  with 
bniwiiifili  »']Kit!'  on  s-i'lf:  (icirwil  iiiwl  ixi-liinil  ilnNky:  nlhiT  fini»  pule,  dilinv  iifti-r  |in-«Tvutioii  in 
fonnaliii  ari^  lal.T  in  iil,i.h..l  very  nineh  intelu-ilu'.l. 

TyiH',  Nil.  .<OH:1l>,  r.  S.  N.  M,.  :in  imliviilnal  102  inilliinelcrK  Icinii,  imi'  <>[  niiiiteninx  HpeciiiifilH 
rolki'i>-<l  by  W.  ('.  Kenilall  ami  Thoniuf  H.  ii.xM  In  Bill  Ki><h  Itrcx.k,  n  Iribiitury  of  (he  K^t  Branch 
ot  tlie  lVi».lw..t  Hiver  aKiut  a  mile  Wl'y,  MntaKtiin.m  Uke.  S..j.teml«'r  T.  IIKII.  C'i.ty|H*,  N...  2744. 
r.  K  v.  C. 

Nam<.-<1  fnc  I  Inn.  Iattiv  T.  Carletoii.  I'liainiuin  nf  iiMiiniin'iimers  nf  iiilaml  tifh  anil  inune  v(  Maine. 

It  will  l>e  Heen  [mm  tlie  ii<-i''<m)>anyinu>  table  that  then'  i^  ronxiilerable  imliviilnal  variation  anion)! 
the  I'lHH'inierii'  fnini  Ibis  .m.'  lix-alily.  There  i^  al»>  Fminil  ii  Wality  variation  whii'h,  tbon);h  ixiHHibly 
aoi-iilental,  mviiih  from  it»  ei>n>-tanc'y  lo  Ije  more  than  tliHl.  Kor  ini'lani'e.  fiMi-imenH  fnnii  a  xniall  jKinil 
near  Halt.  Ponrl,  \V.*I  Uninc-b  of  ('lie  P.^nolwot  Hiver,  «bow  a  cliKhtly  shorter  IhwI,  the  *-aleM  run  a 
little  wnalli-r,  aiJ<l  there  are  j-onielimes  ffwer  anal  lin  niyn.  willi  come  oilier  minor  .liHi.r..ne«i.  The 
male  HonietimeN  Un-onieM  brilliantly  nil  iilont:  the  >^i<le  of  the  aUlomen  from  iH-binil  tbe  [Hi-loral  lin 
U>  thp  lower  I'Hi'e  of  the  i-aixlal.     Tlii''  n>1or  (H-rxistx  to  ^ime  e:<tent  on  iniliviiliialx  nntil  fall. 


|{<-Hi<U-»tli.'ty|H-l<H-alily.  1liix-.|H<]e><hi.-<l  (iilakin  ii  si„itli  Ilr  k  will  1  Hll  illet  of  Hay- 
nioi-k  Ijike,  tributary  to  I'jifrleor  Ib'ron  lake  of  .\llairaHli  liiviTand  in  Ihor'inirbfHn'lx-tw.-Pti  l.on|runil 
t-ro»>  lakes,  l-Iai'I  Itninebofllie  Kinh  Kiver  wali-n'or  K^iile  Ukesof  Ar<">»took  County.  It  i.-' >loiibtlew 
widely  (lint ribiiteil. 

Tbe  [in'M-ni-e  of  a  IhiHh'I  pM'ibly  slioiiM  inhibli  iilai'irit;  it  In  the  ik'IUIx  Um-ii-xt.  In  IhiM  re«pct^ 
it  ij.allie.1  to.si.,„.j,7»<aii.l  (v."---."..'  In  (b»,W..-.  the  l«rl«.I  is  neariT  tlio  extn-mity  of  the  inuxillary 
than  in  tliin  form,  wbieh  in  Ibis  n-.-j-i't  i,>  Howr  lo  .V„»,f,7"-.  to  whieb  the  iiburynia-al  teeth  woiilil 

take  it,  iH'iii;: si  eoiiim.inly  1'.  4-:>.  'l.  wbieli  r^-eiiis  not  to  ocTiir  in  a  larv<- w-ries  of  I  ■;iiinlnf  j^n,„U;i>, 

from  -Maine,  .ir  in. illiiT«j»-.'let'.  In  faei,  tin-  i-i'neri.'  .listln.-tiou  of  (.V»rr.;»- wems  to  lw>  tlie  |in-sen.-e 
of  only  4  TH'tli  In  eai-h  of  the  main  rons.  While  tei'tli  nixl  iKirU'l  ivoul.l  mati-r't  Sf„»ril»^.  the  iminn- 
|)leti-  an<l  w.metimif  broken  lateral  line  f.irbi.ts  that  ilis|Kisition  ot  it.  Tbe  liarU'l,  however,  is  niment 
fromafewofiheeotyiiesan'lKi-cmsnot  f  !«■  j.resent  <in  tb<' Soutlmnls  I'oml  siH-<'inieni^. 

.\wuniint;  ihat  /^iii-!n:iy  is  the  proiwr  j^.-nns  for  it,  wliirb  other  minor  characters  wmilil  i^iggi.-^, 
tlieii  il  is  clrwlv  allieil  to  f^u,-i>.:i„  m-ii-<flirH-i  Cop-,  nmlcrlbi:  snlifcnns  Ph;.<iii-<>.  U'lr-i^-iii-  ,„'iripiriUi, 
hom>ver,  is  ]>ro|HirtionaIely  a  shorter  anil  ileeiier  lisli,  with  sleniler  caliilal  {Hilnnele  anil  laoEiT  milletl. 
Our  s]Hi'imcns  have  liii-n  com|>iin''l  with  s[iei-imens  of  /,.  •iKnij.iriln  from  W'lvK  Viiyinia  ami  I^ake 
Ontario,  an<l  liarlxOs  were  fonnil  on  some  from  the  latter  loi-alitv.     Of  \2  siMH-imeiis,  4  ha<l  ImrlH-ls  on 

eai'li  si.l.',  1>  lui.l  a  Urlii-1  on  „ne  siile  anrl  none  on  tl Iher,  ami  '1  ba.1  no  l«rU'ls  at  all.     BarlM-lx  on 

onr  j-jH^jmens  ci.n  not  W  a.-.'onntc.l  for  by  a^s:  for  tliey  an-  |.nM-iil  on  lann-  ami  wuall.  ami  of  tlii»« 
from  which  tliey  were  ahsi'iit  one  is  a  laon*  inilivi'lnal.  lis  (fi'iieral  form,  and  eciH-eially  of  the  ht-ad, 
is  lliat  of  ( ■•.".-i-f,  .li^rimtli-,  but  In  the  latter  the  month  is  much  laiyi-r  than  in  Uiu-i^'n  nirl>-l;iii 
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It  would  therefoH'  seem  tliat  it  mmrt  In^falleci  a  lA'uriMn.t,  Imt  the  ahet^uce  of  barbelt*  am  no  longer 
Ije  t*on«<len.Ki  a  j^'neric  rhara<'ter  by  which  to  dl^tin^iish  thin  jrroiip.  It  is  very  i>ow!ible  that  this 
is  the  s|)eeies  reporteil  by  Cox  from  New  Brun8wi<-k  under  the  name  of  Coinxiuit  pfumbeun,  while 
i^onm'nm  pnnUhf  mills  is  undoubte<lly  (onexhut  jtlutnfteujt,  as  is  shown  by  si)ei"imens  t»ent  by  Dr.  Cox  to  the 
United  States  National  Museum. 

J*rofHfiiioiinf  )nenjtnremefit.f  nf  J  a  urinrti^  rttrletoni,  10  rtifj/pes. 
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FimepholeB  anuli  KcihIhII,  i 


«/«»/.»<«■  .ViiiiH, 


Among  Ihe  fiahtw  coHertwl  in  th«'  "llionniKhfoiv"  connt-tlin);  Muii  lAkennil  Cno*  lAke,  Odober 
23.  1901,  were  two  tijici^iinpns  nt  I'iun-plmk',  nr  wliat  were  ut  the  time  tlioiight  to  be  i'.  wilalu:  But 
iiIKtn  rimiparipon  wilh  iktMrijitiou  mul  upwiiin'iif  of  thai  Hixx-itii  there  wen>  foiinil  noUlilt^  ilifferentNi^. 
It  wufi  by  the  MUiiH  nietliotlH  (tei*i<led  tliat  il  cmilil  not  l>e  P.  /•miiielii*,  )iaving  very  little  in  t^mmon 
with  that  epei'i<t>  wlvu  tliv  ini-onipli-te  lateral  line  nhJcli  at  oni-e  <liHtinguif>hiw  it  from  P.  tiolaliit. 
Aiigupt  31,  1902,  a  taiyi^  niiinlxT  of  pmaller  iniliviiliialF',  n'liirh  i<ee>n  to  lie  the  mine  npecie^,  wen;  takpn 
in  LiinkatKioH  L^ke.  Though  Ihey  are  apparently  Pimfphnki^  they  hoar  a  inn'i  HirikinK  refeinblaniv 
to  XtArnpit,  which  at  firct  thvy  were  thought  to  lie,  rather  than  I'lmrphiih'. 

These  little  Hch  in  LnnkawKii'  I^ike  were  fairly  Hnamiing  ulxiiit  the  ahor(>fi  on  thif  anil  other  Aax*, 
and  were  fed  upon  hy  trout  and  col)".  The  only  other  ininnnwH  found  in  the  lake  were  Ijeiii-ini^ii 
jifttgmu  and  Coi'rutiiii  jiluuilifiii'.  A]i]iarently  the  milr  other  lii<he)i  Ihan  then- are  liiUiMumiu  rouitnenionii, 
fiihiio  nflxign  (intrixUui-'U,  .Sahelhui' fu>illwili»,  and  Aii'jii'illii  ehryMi/m.  Thif  lake  empties  into  the  Eaiit 
Branch  of  thv  Peno)>w.'ot  through  neveral  ndlet>  of  brook,  though  the  lake  in  a  clireet  line  is  only  l.R 
milee  from  the  river.  The  water  i»  inafeetwble  to  any  tifh  exi'«pt  eelM,  owing  to  Kteep  falU  of  ix)ni>ider- 
able  height.  Thio  lake  i*  almiit  .t  Tuilett  long.  The  I'lion's  arc  mainly  nM'ky  and  in  many  ptaceH  Uild, 
Init  the  lake  in  nowhere  very  ileep.  Trout  lien>  reach  a  large  Hize,  5orlti>onni1»  onnnn*.  From  these 
ronditionn  it  might  Iw  eTcpn'teil  that  iff  fifh  inhabitantM  |io>vibly  might  differ  wmicwhat  fnim  other 
woterH  not  wi  landloi-kfri. 


o  lcH.-alitiei>,  il  prolwlily  iHTUrH  in  many 
ii>  lHn.1T  individual,  a  ituili'  liulj,  fnmi 


oflhe. 


iif  inland  tixbeH 
loul  ;(.a:t;  HcalcH 


Allhougli  thii<  minnow  ban  1>een  found  only  in  Ihi-M' 
other  Huitable  water*.  The  ty|H'  ( No,  .■^ISIM),  l'.  k  N.  .M.)  i: 
C'rot*i  Ijike  Thonnighfuri'. 

Xani(-1  in  honor  of  lli.ii.  l-Mt-ur  K.  Itint-  i  Ijitiii.  <iu-Ii'jc) 
and  (!um<-  of  Maine. 

ToUl  length  of  type,  AM  mm.  lli-ad  :;,K  in  length:  deptli  :t.H:  eye  .'>  in  head;  x 
4ll,-i:l;  I),  i,  »;  A.  i,  7;  tocth  4-1.  Oinentl  npiHiiruiuv  of  Ixxly  i»  that  of  /-.  Wnft'K,  though  wmewhat 
di-eper  and  with  muri'  arduil  liack.  Tlie  hi-ud  is  Muni,  bul  iiilli  Htrvightcr  profile  than  i'.  prmniian. 
J^ti'ral  line  very  ini-ompU'te.  \iiirfn  u|BinalHrtil  111  to  1*0  waW;  alKuit  a>  wales  licfon^  thudoncal,  which 
ii*  inwrtiil  midway  lietwet'n  tip  of  hioiiI  and  haw  of  caudal  lin.  rerilnneuni  blai'k;  inte)>tini>  i-longate, 
but  not  s.>  long  ap  in  eitli.T  /■.  i„'.;,.l,i.  nr  /'.  ,,..M(».  cxamint-.l  by  thv  wriler.  al^mt  l-l  the  length  of 
the  InhIv,  not  more  Hum  Iwicr  tlu-  Icnutb  which  i--  given  a.-  a  generic  character  ..f  }'i„i,-,,h,I.H. 

V.,\.,t  wlK'n  fn-^h.  light  olive  on  Iwk,  with  wliilc  sid.'H  xau\  l«1ly:  hi-a'l  dark  on  lop:  an  imliMinct 
lateml  Ati\iv.  along  axi^  of  iHxly,  and  a  dark  Imr  acriiMi  luiw  <if  caudal:  a  dark  olive  Hue  from  ixriput 
tiplitllng  and  jKifviug  iiich  fide  of  dnrwd  lin,  reuniting  iH-hind  and  iiintinuing  tn  ui>|H'r  liato^  of  caudal; 
np|NT  |mrt  of  ln-ad,  wmnl,  and  njiiwr  ojn-rcleM  ilusky;  a  black  Hjiot  in  fnint  nf  dorwl  and  a  gomewhat 
imiislinct  one  similarly  sitn.-itcil  IxJ-.iiid:  olher  lliiH  all  |>alc. 

Tbi'<>llicrN]H><'imeu  or  colyiie  (No.  l'7-lo,  (",  S.  F.  C.)  in  the  link  thai  conneilf  lhealH>ver<|)ecimen 
wilh  Ihiiwcif  l.unkii.-*o<»i  Uke.  IIh  total  length  1x55  mm.  Ileud  4  in  length;  dii'Ib  .l.ltH:  eye  4.(10  in 
liMtd;  suoni:i.K:t:  nali's  4.'>.-l:(i  i).  R;  A.H.     Similarly  <i>lorml.  Inil  with  no  ><i«tls  on  donwl  fin. 
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The  Lunkasi»(it!E  Lake  ::|»ei*iiueih<  are  much  ^nailer  thaii  the  type — about  the  nize  of  the  cotype,  Imt 
of  much  darker  coloration.  The  lateral  gtrij>e  in  black:  top  of  heail.  pnout,  and  open*U**«  biai*k:  ^calef* 
outlineil  with  black  on  back  and  indiiftinctly  on  ndef*.  No  Fpot8  on  dorsal  tin  of  any  8{te<Mnien,  Init 
on  gome  ppecimeni^  a  <lusky  ghade  on  front  l>a««e  of  dorsal  is  digtinguighable.  There  peem  to  be 
alx>nt  2S  9(^l€^  before  the  dorsal,  which  in  some  specimens  is  situateil  farther  back  than  in  the  type, 
midway  between  pupil  and  base  of  caudal.  Peritoneum  black:  intestine  slightly  more  than  1.5  body 
without  the  tail.  Fores  on  6  to  12  or  more  scales*.  Fmnt  ray  of  dorsal  not  reaching  tip  of  last  ray 
when  depressed:  front  of  anal  ju.»«t  al)out  reaching  tip  of  la«t  rays. 
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Hotropis  bifrenatus  (0>pe».     BhilM  yfinnmr. 

This  little  minnow,  collected  by  Cope  in  the  Si^huylkill  River  and  described  under  the  name  of 
Htfbcpsi*  bifrenaiu4t,  has  not  prexiously  been  reconletl  east  or  n<»rth  of  Massachusetts.  In  1898  it  was 
found  in  almndance  by  the  writer  in  Seliago  and  Little  Sel»go  lakes.  It  inhabits  quiet,  weedy  <t>ve», 
streams,  "l>ogs"  or  "logans."  It  seems  to  attain  a  length  of  not  over  2  inches.  The  fonn  is  very 
similar  to  that  of  the  members  of  X  AW/tyx/om  group  of  minnows.  The  lateral  hue  is  verj-  incomplete, 
usually  on  5  or  6  scales.  Anterior  rays  of  dorsal  and  anal,  when  depressed,  extending  ccinsiderably 
l>eyond  last  rays:  anal  somewhat  fali^te. 

Color  after  preservation  in  formp.lin  and  sul>fiec^uently  in  alcohol  generally  as  follows:  Scales  on 
IrfU'k  finely  <lotte<l  with  dark  bn»wn,  niost  intense  on  e<lges:  dark-brown  line  frr»m  top  of  head,  which 
is  of  a  like  ^'olor,  to  fn»nt  of  dnrsal.  h^ss  distinct  fn»ni  <lorsal  to  upi>er  l»ase  of  caudal:  a  brr>ad,  shiny  black 
strijK^  fri»ni  snout  through  eyt*  to  l»a.**e  of  <^ndal,  where  it  ends  in  a  small  jet-black  sjwjt:  fins  all  jiale. 
In  life,  Mliile  in  the  water,  tin*  liark  seems  of  brick-re<l  hue. 

I*r*f/t*frtiou'if  mm.tfii'f  tut  i4h  of  SiMropi^  hifrett'itujt  frottt  JJUh  Stfnitjtt  Jjtike,  Jnly  i7,  l^^^S. 
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Coitus  gracilia  i  Heck  el  L 

In  a  small  brof»k  tributary  to  Aroostook  River,  utilized  by  the  State  hatchery  at  Carihwu,  Me., 
for  fish-cultural  purjxises,  Mr.  John  A.  Story,  who  isconntH-te<l  with  the  State  Fish  and  <iame  Commis- 
sion at  that  place,  colle<'te<l  a  go***!  series  of  (\tttiiji  for  the  writer,  who  has  never  oliser\e<l  finer  or  larger 
sjiecimens  elsewhere.     It  seems  to  W*  liN-ally  known  in  the  region  Ski*  **r«M*k  rusk,*'  deriving  its  name 
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prolwibly  from  a  fanci<Hl  resemblance  t^)  the  "eiwk"  {Jjitta  maciUoi*(i).  In  the  Synoiwis  ot  the  Finhw 
of  North  America,  Jonlan  &  Gillx^rt  inchidcnl  all  the  <'x>nunon  freflh-waterscul pint*  un<ler  the  one  genus 
Vntnith'a  of  IVKay,  restricting^  the  ^renuH  ihttux  to  that  jrroup  now  re<*ognize(l  as  Myoxocephahn*  in 
Jordan  h  Kvermann's  Finhes  of  North  and  Middle  Ameritra.  In  the  latter  work,  however,  the  fresh- 
water Co// iV?«r  are  comprise*!  in  two  penera — one  of  which  is  ToZ/mx  Linuiens  and  the  other  Urtmidea 
DeKay — which  are  dintinguisheil  one  from  the  other  only  by  the  nmnl)er  of  ventral  rays.  The  genu»i 
OMfn;i  \i*  Huppose^l  to  have  a  ventral  tin  fi)nnula  of  i,  4,  while  rranUkn  has  i,  3. 

Out  of  2S  HiHK'imens  otherwise  essentially  alike  from  Caribou  18  ha<l  3  ventral  rays  in  ea<'h  ventral 
fin,  0  had  4  rays  in  eat^h  fin,  and  4  liad  4  rays  on  one  side  and  3  on  the  other.  Of  15  spei-imens  from 
six  other  liKUilities  in  northern  Maine,  4  ha<l  3  rays  in  each  ventral,  7  ha<l  4  on  i»ach  side,  and  4  had  3 
on  one  side  and  4  on  the  other.  Six  spiH'imenH  from  Bear  River,  Newry,  in  the  wi»steni  part  of  Maine, 
ha<i  uniformly  3  rays  in  each  fin. 

Acconlingly  it  would  seem  that  the  number  of  rays  in  the  ventral  fin  will  not  serve  to  distinguish 
the  two  genera,  and  DeKay's  Umnidea  will  have  to  l)e  ^IropiKnl  in  favor  of  the  older  name  of  Cottiii(, 
It  is  possible  that  more  material  will  show  that  one  or  more  species  under  /b//iw  in  Fishes  of  North 
and  Middle  America  may  }>e  i<ientical  with  the  form  here  identified  as  /  V>//^/x  gmcilij*  (Ifeckel). 

Color  after  one  year's  preservation  in  alcohol:  Head  above,  liai^k,  and  si<les  dark  gray  thickly 
spei-kknl  with  small  black  s|K)ts,  s<:une  of  which  coalesce;  lower  parts  a  soiU^i  pinkish  white;  soft 
(ins  all  dusky,  i>arre<l  with  pale  gray  on  rays;  spinous  dorsal  with  jet  bla(^k  membrane,  gray  spines, 
margimnl  with  whitt*  which  is  orange  in  life.  There  are  individual  and  sexual  variational  in  the 
intensity  and  {lattern  of  the  colors.  On  some  8i)ecimens  the  ventral  and  anal  art^  wholly  pale  and  the 
other  fins  much  ligliter  than  the  above.     In  fact,  the  gt»neral  shade  is  lighter. 


Projtortinnal  mftunirt'uifnh  nf  i'ntinn  tjracll'tH^  j'roui  ("arlUfii^  Mt. 
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THE    WHITE-FISHES    OF    MAINE. 

One  species  of  white-fish  has  for  many  years  })een  known  to  occur  in  certain 
Maine  waters.  Holmes  mentions  two  species  under  the  names  of  Cort(fonus  alhui< 
and  (^nnfjninis  (Arfjijrosunius)  chipripnin'tH,  The  former  the  writer  has  decided  nmst 
}>e  the  s|)ecies  formerly  recotrnized  as  (\  hthrufhtrims^  wwA  the  other  doubtfully  as 
( \  qiiinJrtliitrrnlix;  hut  they  are  assij^ned  to  no  particular  locality.  In  the  first  rejK)rt 
of  the  State  Fish  Commission.  lSf>T-«;s.  Mr.  Charles  (i.  Atkins,  theconmiissioner,  savs. 

• 

under  the  headinjr  '"White-fish  ( ^V//v <///// ///<)."  pag-e  rif): 

of  this  ^renus  we  ]m>s?h'ss  at  leit^t  <nio,  ami  prot)ably  more  than  one,  spei-ie?.  They  oecur  princi- 
pally in  tlie  central,  northern,  and  northea.«teni  j)orlions  of  the  State.  The  Hpe<'ie8  foiuid  abundantly 
on  th«*  St.  J<»hn  and  it?*  trihutarie:*  ha>?  been  n'ferrtnl  to  the  Hp(H-ies  C.  nlhnx,  but  we  doul)t  whether  that 
is  <'orrec-t.  Wliether  or  not  our  white-tish  is  identical  with  the  famous  white-fish  of  the  Great  I^ken,  it 
certainly  imrtake^  of  that  excellence  which  is  a  characteri.^tic  of  all  the  niendxTS  <>f  this  ^enuB.  In 
the  Fish  Kiver  n^ion,  in  MrM>.«ehead  I^ke, in  S<'h<KMlic  (iran<l,  they  pronounce  the  white-fish  thebej«t 
of  fishes.  Like  nearly  all  the  salmon  family,  to  whi<*h  they  belong,  they  sj)awn  in  the  autumn  and 
seem  to  prefer  runnintr  water.  On  the  Schoo<Hc  they  resort  to  Po<'0"ipus  and  Gran<l  lakes,  where  the 
water  is  flowing  from  \\  to  o  iWt  de<*p  and  the  In^ttom  sandy  and  gravelly.  In  Xovend)er  each  year 
small  ijuantities  of  them  are  taken  here  with  the  s|H*ar.  One  night  Mr.  B.  W.  French,  of  Calais,  set  a 
net  'M)  feet  long  at  this  thoroughfare,  and  in  the  morning  had  a  barrel  of  white-fish.  In  Mooeeheail 
I^ke  thev  sometinies  take  the  flv.  In  .Tune  last  we  saw  one  taken  with  a  flv  near  Mount  Kineo  hv 
Artemas  Lil>by,  e^j.,  of  Augusta.  It  weighed  H  jiounds.  Two  tnnit  weighing  a  ])ound  ea<'h  were 
taken  at  the  <jame  <ast.  They  can  l>e  taken  with  the  h<K>k  at  any  season  of  the  year  in  deep  water. 
•MuMfst  any  bait  will  answer,  but  the  l)est  is  a  pie<v  of  small  fish.  The  most  of  them  are  taken  in 
winter.  The  great(^t  su<-c(*ss  is  obtaine<l  by  sinking  through  a  hole  in  the  ice,  at  the  end  of  a  line,  a 
*'cusk"  thonmghly  gashed  with  a  knife.  Thisn*mains  there  one  day  and  tolls  a  great  many  w' hi te- fish 
around.     Thev  are  then  taken  bv  smalU^st  baits  on  small  lujoks.     One  winter  manv  of  these  Moose- 

•  •  • 

ln-ad  l^ike  white-tlsh  wert»  sold  in  .Vuj^usta,  and  their  weight  was  so  uniformly  one  iMnnui  that  they 
receiviMl  the  name  of  "pnund  lish."  and  the  trouble  of  W4Mghinir  was  dispens<*d  with  by  the  mutual 
consent  of  seller  and  buyer. 

The  Nvhite-fi^h  differs  iroTii  most  of  its  family  in  In-ing  nearly  or  <iuite  destitute  of  teeth.  Its 
mouth  is  small  and  ti*ii<ler.  It  has  tbercfon*  none  of  the  lien-c  predatory  character  of  the  trout  and 
t<»gue.  Il  probably  feeds  mostly  idi  Mnall  a<|nati<' animals  of  various  kin<ls,  sn<h  as  ins4*cts,  crustac<*ans, 
and  mollnsks.  InMug  <juiltU*^s  of  the  <h*ath  of  any  of  its  fellow-tishes. 

Several  other  ainiual  re|K>rts  of  the  State  fish  eonnnission  allude  to  lliese  fish 
und(*r  the  jr^'neral  name  of  '"  white-fiNh,"  but  <»:ive  no  localities  Ixvsides  those  mentioned 
above  by  Atkins  and  nothin*(  further  indicatincr  more  than  one  s|x»cies. 

For  many  years  the  connnon  white-fish  of  Maine  lK)r(»  the  name  of  CorHjinaiH 
A////v///o/'/Vv/.v.  but  a  few  years  a^^o  the  w(dl-known  ichthyologist.  Or.  Tarleton  H.  Bt^an, 
aiuiouiured  th(»  identity  of  this  sp<»cics  with  ('(frr(f(mus  cluprif<fnnii<.  or  the*  (*ommon 
white-fish  of  the  (in^at  l^kes."  Whatever  changes  the  names  may  undergo,  the  fish 
remains  th(»  sjime  for  the  tabh',  unexcelled  bv  anv  other  fresh-water  fish  in  Maine. 

During  most  of  the  yinir  this  s|)ecies  (the  others,  too.  for  that  matter)  affects 
the  d(M»p  water  of  the  lakes  or  stn^ams.  It  is  essentially  a  lake  fish,  but  is  found 
throughout  the  year  in  sonu»  fresh-water  streams,  prolwibly  having  .stray(»d  from  its 
lacustrine  home  over  falls  which  were  barriers  to  its  return.  In  the  lakes  early  in 
the  evening  and  throughout  twilight  these  fishes  often  ap{>ear  at  the  surface  to  feed 
upon  insects,  and  their  ••rises"  may  be  seen  everywhere  at  some  distance  from  the 
shore.     The  white-fish  rarely,  if  ev(»r.  leaps  from  the  water. and  his  •"wake""  is  incon- 


••Meiitily  of  foininon  ami  Ijibnidor  whif-fi^h.        Sricnce,  N.  S..  vol.  IX,  No.  ZJU,  .Nfarch  17.  Ih99,  416. 


.%4  nrr-LETiN  of  the  x'nited  stat>>*  fish  c-oMMissmw, 

Mpiciioiis  (tinipitrcd  with  thnt  of  tlic  trout  or  mowt  otlu-r  tishos.  At  thin  tinic  it  will 
<iocasi<iiuilIy  take  an  artitirial  fly,  as  also  HoniotiiiioK  on  cloudv  ilays,  Imt  the  most  suc- 
cessful iiK'tliotl  of  aii}r]in}r  for  it  is  that  descrilu'd  uIkivi-  hy  Atkiiis.  It  may  !«•  caught 
in  {fill  iiots"  if  st't  ill  deep  ivatt'r  The  writer  has  taltuii  white-fish  in  AiigUKt  in  {fill 
iiettJ  set  al  tlie  liottoni.  extcndinff  fmm  a  depth  of  lit  to  115  feet,  and  from  rocky  to  soft 
muddy  J>ottoni.  The  white-lish  were  almiit  midway  of  the  net,  but  this  is  most  likely 
due  to  the  jiart  h.-ing  moiv  favorably  lonstruoled.     dill  nets  should  Ih"  tRn-colorwl. 

This  white-lisli  feeds  uptwi  small  animals  of  varitms  kinds  and  proliably  almost 
any  kind.  White-tish  taken  in  First  I>el»!iconeag  Ijiiko  August  12  and  24,  1901,  con- 
tained large  (|uuiititii>s  of  larva-  of  a  sjH'cies  of  dipterous  or  mostjuito-like  insect. 

The  height  of  the  s[)awning  seas<iM  seems  to  he  at>oiit  November  25  in  the  Finh 
River  Lakes,  where  the  tish  run  up  the  thoroughfares  at  night  and  desc<'nd  In-fore 
morning.  They  spawn  in  running  water  over  gnivel  and  where  the  water  ranges 
from  1  to  P.  feet  deej).     They  alsc)  ascend  stn-ams  for  this  pur))ose.  hut  so  far  as 


known  do  not  s|»iiwn  on  shoals  or  shores  of  lakes.  The  nearest  approitch  to  shon' 
s))awning  known  t<i  tlie  writer  is  in  First  Dcbsconeag  Lake,  where  (liey  seek  the  lake 
end  of  the  shall<iw  stmit  connecting  the  lake  with  Pebsconeag  Oeailwater.  .Vtkins 
states  that  the  fecundity  of  u  2-pourid  wliitetish  is  li.'i.oTt!  ova.  In  some  Maine  lakes 
this  s|M»cies  atttiins  a  weight  of  4  or  Ti  pounds  but  the  averjige  is  I  to  2  ptnnids. 

It  is  not  known  to  the  writer  (hat  the  young  of  this  species  has  l)een  observed, 
except  the  fry  iit  li.-h -hatcheries,  or  where  they  are  to  Ih'  foiin<i  after  leaving  their 
birthplace  in  Ihi-  tlun'onghfan's  and  streiuns,  or  at  what  age  they  leave  these  places. 
It  is  proliiiblo  lliiit  when  (|iiite  young  they  go  to  deep  water,  wliere  Iniving  thus 
cscajx'd  their  enemies  of  the  streams  they  become  the  prey  of  the  nipicious  flshen  of 
the  lake,  Vimng  individuals  ranging  fit»m  4.tiH  to  !l.5  inches  long  were  collected  in 
tiie  Allagtisli  and  St.  Fmncis  wateiw  in  <)ctol>er.  IWll,  with  a  drag  seine,  along  the 
.-hores  of  th<-  lake.  The  niethiHl  employed  wiu-^  to  l>ait  the  shore  alxiut  dark  with  tish 
and  rn  If  ell -grouse  entrails  or  with  corn-meal  mush,  and  in  alxnit  an  hour  dmw  the 
.seine  over  fhi-  bailed  ground,  when  the.se  Hsh  were  taken,  together  with  hornpout, 
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suckers.  iiiiiinow>.  ixiihkI  white-fish,  t-cls,  trout,  etc.  In  xinit>  hikes  white-tish  nfford 
the  priiu-i))al  food  fur  trout  mid  siihiioii. 

Thissix'ck's  i>  known  toiH-cur  in  Miiiiu-  iti  tlic  St.  (.'n»ixwater>lNith  wist  and  west 
I>mnfhes^Moosehf!td  I^ike.  IVI>scoiu';i','  hikes.  Alhijnish.  St.  Franiis.  and  Fish  rivers. 
It  iindoubtedh-  is  a  n-sidi>iit  of  nearly  all.  if  not  :dl.  of  the  lar^rer  lakes  of  Maine.  It 
Ls  propagated  to  some  extent  hy  the  State  Fish  (.'oniniissioii. 

There  is  another  white-tish  found  in  Maine  which  is  not  so  well  known  hs  the 
above,  consenuently  no  one  disputes  the  rij,'ht  to  its  name  of  ('"i-viji'ii'ik  •inndrilai- 
■  ntUi;  or  round  white-lish.  Menominee  white-fish,  fiost-fish.  shiidwaitei-.  pilot-tish, 
ehiven,  ChateaU}fayshad.  t)laik-l>aek, ete..  atvoiiling  to  the  loi~.iIity  in  which  it  occurs. 
It  is  f(Hind  fnnn  New  Brunswick  westward  throuffh  the  Adirondacks  and  the  Circat 
Lukes,  thcnee  northward  into  .\laskii.  It  may  Im?  distinguished  from  otlier  Maine 
-jx'cies  by  its  more  elonjfiite,  runiuler  body,  more  )>uinted  snout,  and  much  smaller 
month.  Its  habits  ai-e  siinilur  in  almost  every  resjK'ct  to  the  at>uve,  but  it  i.-j  more 
seldom  noticed  owing  to  its  smaller  eize  and  less  abundanci-.  i>cihaps,  and  from  its 
never  l>cing  taken  on  a  hook.     It  has  doubtless  l>een  oliserved  by  residents  of  the 


State  and  its  difference  frum  the  other-  noticed,  but  it  ha.s  ln-en  previously  recorded 
from  but  one  locality  in  the  State— Ciearwuter  Pond.  Indu.stry. 

In  llKIl  the  writer  collected  this  white-fi>h  in  I'msaskis  I.,ake.  (k-toln-r  A.  and  the 
Cross  Ijake  thoroughfare  of  Fkgle  lakes.  .\roost«Ktk  County.  October  SA.  I^ite  Ju 
.\()veniber  some  were  also  received  from  Mr.  John  Story,  who  collected  them  with  the 
couMuon  white-tish  in  Square  Lake  thonnighfare  of  the  siiine  region.  It  is  doubt- 
less more  commonlv  distributed  in  the  State  than  recorded  i)lf5ervatious  indicate. 


INTK    Ylf 
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Sui>)»orte(l  by  tin-  opinions  of  such  eminent  ichthyologists  us  Dr.  .lordiiii.  I>r. 
Kvermaiin.  and  Dr.  Bean,  and  an  abundance  of  material  and  chita,  the  u  liter  lia>  no 
hoitation  in  describing  a  new  white-fish  fri>iii  Maine,  whiih  will  In-  designated  Cur'- 
tjoi.iixiftanh-iji.  It  was  found  in  abun'lancc  ui>on  its  s|mwning-lK'ds  in  the  thorough- 
fare from  Mud  Lake  to  fn»s  Ijike  on  the  night  of  Octolw-r  S.'.,  |!«il.  At  one  haul 
of  a  hundri'd-foot  seine  fully  two  barrels  of  (hes<;  little  tish  were  captured,"  with 
them  being  one  large  s[ic<-itiicn  of  < '.  •junilrilitt.nil'x.  several  small  -^".  "•  fmij'i,  numer- 
ous conunon  suckers  {('iitiixfniii'iK  ii'iiiiiu-rsiniH)^  and  u  few  <  'iitiiKtoiniiv  intostoinxx. 
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This  spawiung4)ed  wa^  tint*  trmvel  eoverod  with  1  to  2  feot  of  iiKKlcnitt^ly  flow- 
ing water.  Before  the  haul  was  inacU*  th(»  abuiidanee  of  fish  tliere  was  (»viiieed  bv  tlic 
constant  *"  flipping''  of  tlieir  tails  on  the  water  surface,  where  it  is  said  the  spawnint^ 
takes  place  with  this  as  well  as  other  species  of  white-iish,  thou<^h  the  ecjfgs  sink. 

There  are  hut  two  instances  of  the  introduction  of  non-indigenous  whito-tishes 
into  Maine  waters.  One  was  (nrrtjnuiischijft'lforntlsj'  the  other  (\fn(/ohH(<  nlhtiJn^ 
with  either  of  which  Vomnnnm  sfanlry!  is  unidentifiable.  Regarding  the  former,  in 
a  letter  dated  April  1,  IJM)1,  Conunission(»r  H.  ().  Stanley  says: 

Some  twenty  yearn  a^o  tlie  I'liiteil  States ('oiniiii?«Hinii  sent  me  Hunie  wliite-tinli  ej^jrs,  I  think  from 
one  of  tlie  lakes  in  Michipin.  \  hatclie<i  them  at  Kanvjeley  an<l  i>lante<l  them  in  the  np|>er  lake — 
Kanjtreley.  This  winter  they  liave  ))een  eaujrht  with  h4M»k  an<l  line  in  «'<>nsideral)Ie  num)>ers  in 
Uni1>agog  Lake,  which  is  the  fourth  lake  U>low.  This  is  the  only  lake  in  whieh  lishin^  tlirou)^h  the 
ice  is  allowed.  It  is  a  i>iekerel  lake.  These*  white-tish  were  eaught  with  a  small  live  minnow.  I  have 
ha<l  st)me  sent  me  twiiv  this  winter;  they  run  in  size  from  \\  to  1*  |M»un<ls.  I  pn^sume  they  are  in  the 
lakt»H  just  the  .«anie  an<l  eouKi  1h*  caught  if  lishe<l  for  in  the  same  way.  It  .sivms  <jueer  that  tliey 
shnuM  turn  up  in  the  lower  lake  lirst,  some  4()  miles  or  more  away.  They  are  sun*ly  white-fish  and 
none  has  ever  l>een  »e<*n  in  Rangeli'y  waters,  to  my  knowle<lgi',  till  this  year,  and  I  have  U^'n  familiar 
with  thtMu  all  mv  life. 

The  other  case  was  a  single  pknt,  concerning  whieh  SuperintAMident  Charles  Ci. 
Atkins,  of  Craig  Brook  Station,  writes  that  having  searched  tlu*  i(»cords,  as  well  as 
his  own  nieniorv,  he  finds  (hat  he  has  knowhulge  of  only  one  introduction  of  such 
specii  3  -namely,  that  of  I'nrrijnnns  nlhula^  of  whi<*h  an  iiniH)rtation  of  eggs  was 
hatched  at  (^mig  Hrook  in  the*  spring  of  ISSO,  and  all  the  resulting  fry,  (Estimated  at 
51,<MX),  were  planted  in  Heart  Pond  at  Ka>t  Orland  April  ril  of  that  year. 

Coreg^onuB  stanleyi  Ken<lall.  new  siHM'ie?'. 

I)escrii)tion:  Head  4.52  in  length;  depth  4.. '{.*»;  eye  4.<k»  in  head;  snout  .'i.sl;  I).  10;  A.ii,  14;  scales 
10-8U-7;  gillrakers  10^-17  and  11  •  17,  the  longest  1.0  in  eye.  \\\A\  fusiform,  not  very  <1ih»i),  .some- 
what c<..mpn*sstMl,  l)ack  gradually  curving  from  the  tip  of  snout  \n  front  of  dorsal;  head  rather  .»*hari)ly 
roundiHl,  not  tnmcate  as  in  (\  l<ihrtvforlrnt<;  vertical  height  of  head  from  edge  of  hranchiost^^gal  mem- 
branes to  (H'ciput  alxmt  1.0  in  length  of  hea<l;  maxillary  rea<-hing  inmt  of  t»ye,  .'»  in  head  (maxillary 
measured  from  tip  of  snout);  mandihie  nearly  'A.n  in  head;  tlorstd  inserted  in  front  of  ventral  nearer 
snout  than  has*'  of  cau<lal,  its  anterior  ravr*  exten<ling  considenihly  In^yon*!  tips  of  |M>sterior  rays  when 
depressed,  the  longest  1.2'>  in  head;  |MH"loral  1.27;  ventral  1.4,  and  anal  l.s2  in  hea<l;  anterior  rays  of 
anal  not  nearly  reaching  tip  of  posterior  rays  wIhmi  <lei>n's.«e<l;  caudal  <leeply  forke<l,  the  jjeduncK' 
slender,  compresse<l,  the  distance  from  anal  to  first  lower  rudimi*ntary  rays  of  «-audaI  tMjnal  t<»  dii^tance 
from  adi|M>se  to  uj»fM*r  ru<limentary  rays  of  caudal  and  i»<jual  t*>  h'Ugth  of  ha.se  of  anal. 

Bo<lv  and  hea<l  covere<l  with  white  tuU^rcles.  small  and  <lot-like  on  the  hack  and  U'llv.  1  and  2 
on  each  scale,  large  and  more  prominent  on  the  hea<l  and  sidtw  of  Innly,  thosi'  of  the  si<les  raistnl  and 
elongate,  arranged  in  linear  series,  one  on  each  scale. 

Color  after  preservation  in  formalin  and  sul>se<iuently  in  alc<»hol:  Mack,  top  of  hea«l,  tip  of  snout, 
an<l  around  eyes,  blue-hlack:  sides  and  under  |»arts  yellowish,  the  S4'ales  margine<l  with  dusky  <lots. 
The  white  tulH.*n!les  give  the  hody  the  api»earance  of  being  .«tri[H*d  with  narrow  white  lines.  Dorsal 
an<l  caudal  with  hlu«'-hlack  rays  and  j»ale  membranes;  i>ectond.s  ventnils,  and  anal  with  pale  rays  and 
slightly  dusky  mend>ranes.  The  color  when  fre^sh  wits  somewhat  lighter,  the  U'lly  and  sides  lH*ing 
more  nearly  white.     The  prewnt  color  is  int(>nsiti(*ation  of  tli<*  original  shades. 

"  W«*  were  prcsenttr<l  by  I'n»fess<»r  Hainl.  fnmi  the  cstuliIiHlmieiit  of  Frank  N,  Clark.  Nortlivillr,  Mirh..  l,«Hi(i.(H)(i  white- 
li.sh  i'KK>.  Owinjf  to  llie  extn-in«'  rolil  wealher.  loiiK  <li>lai»'«M»f  transfN)rtntiou.  and  tomleniess  of  the  vkk^,  the  |H'n*eiituK(' 
t»f  lofs  WHS  lar>?e;  vhonld  jud^e  alnrnt  2">  i>er  eent  i»f  tin- e^jTH  liati'hed.  They  were  received  in  February;  wer^'  hutchiHl 
and  turned  h)OM'  Manh  Jt).  AImhU  irvun*)  of  the^e  were  put  in  ItanKeh'V.  the  balance  were  turne<l  Kkkm.-  in  Moojielneme- 
^untic  Ijike.     flieiMUt  «»f  tin*  roininis^ioner  of  Fisheries  and  tJanieof  thcShitcof  MaiiH-,  Issl  (I>vvj).  U\,) 
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lalf  '2TJ  iiiiji.  I  nearly  V  inr-liei'l  luii^.  froiii  tliiir<iii)clifare  lielwctD 
■rT.i,  1901.  CotypeN.i.  274fi.  I'.S.F.C, 
CI.  .'ilaiilcy.  line  of  tlit'  i-ohiiiiissioiiciv  of  inland  ti^lic."  uiiil  fiuiie  >>f  Mtiine. 
.f  aTT  i'iinH[iii'Hii«i'ly  innrkiil  witli  iKf  whitt-  iiiln-n-le;'.  and  many,  though 
thrill  1"  :i  li>:'MT  (.■Mi'nt.  Ill  thw  rt*))M.-t  thi'V  ivw-iiibl^  OTr;p»i"'  •rilliriui- 
irkolly.  Till.'  Ulilt-;-  ••)  [.rojHjnir.nHl  iiiiiLMm-iiit-iitr'  An  not  reveal  a  icreat 
iij^<iiis)i  llii^  li^li  fri.iii  itH  i-U»ely.i>lati-.i  r'lL-ener.  ' :  /,i/,,vi./«,iv--i.-,  nf  the 
Hanii'  ualers.  But  to  the  eye.  s])e<'ii>ie]ir:  i-oiiii«n-<l  niay  In'  readily  ili'^lin^'iii^hc<l  l<y  lh<'  ."liartM-r,  lew 
Imiieatcl  siiont,  slmrter  aiiiHMraiin-  of  the  heail,  having  nmrv  the  in-nenil  iip|>eiinilliT  'if  < '.  ii'm-lnlnler- 
.•i:>.  yet  <lifferii>v  fn>i»  thi^  in  iN.n^iM.  iimi!'  detail>^.  nn-h  »^  Ixxly  I.-sh  xlMider.  hIiuix-  of  heii'l.  1>-W  elim-il 
|irofile,  lew  iviiiiiirewe-l  -noiil,  niid  laiT-iT  iiioiilh.  i-tr. 


Tyi>e. -Vo.508-'»,  I'.S.N.M., 

)[ni]  and  C'roi«  lakni,  ^lutne.  Ort 

Natiie<l  for  Hon.  Menrv  CI.  S 

Tlie  iiial«<  of  t)>i^  ^\.^u-k-^  ar 

nolHlUoflhefemulf:'  have  iheii 

»>.i.  hot  otherw-K-  differ  mark,-. 


tiiU'niilati-'i.  and  the  heiiihl  ot  The  f]Kiwiiin)i  n-afoiii  on  ihe  ^iii 
t'le  avera^T  tlien-  are  nion.-  jtillnker',  whii-h  an-  eoiniiilenihly  li 

.V  female  230  mm.  (a  little  over  9  iliehes)  in  t.-ni;lli  •  onraine-l  :!.-) 
Ttilr>  fii^h  al)oiin<I.s  in  theehainof  Eut'le  Uke.",  and  i^  ||ollhtl<■^'^' 
of  Kdnjon.  turtle,  and  Iroijt.  lle|H.rl^'  of  I'mall  »liiti>-li.^h  fr.>ii.  other 
thi.-  H|»-<'ies  may  In- .■..rnnion  in  other  «al.T>^.  Il  i-  nrver.  or  vrry  ; 
seHHoJi.  I.ii>  verv  likelv  e.xild  I-'  raiiuhl  with  liiie-iiir;^h<-l  ifill  iiel-:  n 
water.      Il  i>  an  i'X.-.'1lent  |>ar.  M^h. 


of  thi;  State  iri'lieatu  that 
I.  M'en,  exrepl  ill  hn*diii)f 
(  tine  (wine  if  wl  in  deep 


BITLLKTIN   <lK   THE    IfNITKI)   STATEri    KISH    CUMMtHHlON. 

f\ireijiiHV»  tiibraihiricu*. 
[TJiClv  Laken.  Novt'mlK'T -J».  1901,) 
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COXTRIIUTIOXS  TO  THH  BinLnr.Y  oF  THK  C.REAT  LAKES. 


THK  IM.A\KT()\  \U\Al  OF  LAKH  FRIH,  WITH  SriX'IAL  RHF1:RI:NCI:  TO 

THHCHLOROPIIYCFJ:. 


F.  c.H.  I'.«e-a4  W» 


CONTRIBUTIONS  TO  THE  BIOLOr,Y  OF  THE  (iKEAT  LAKES. 


THH  PLANKTON  \U..V.  OF  LAKH  HRlli,  WHll  SPHCLAL  RLFHRLNCH  TO 

THH  CHLOkOLllYCL.l:. 


Hv  JTLIA  \V.  SNOW. 
lustrmior  in  Bif/a»y,  Sttitth  C'o//t'j^t\  Sorthampton,  J/ass. 


lNTK(»I)r<'TI(»N. 


The  unicellular  alj^je,  which  in  thems(»lves  show  most  interesliii;j:  <*haracteristi<*s 
ill  their  structure  and  life  hist<»ry,  roine  to  have  a  doubit*  si«i:nificancr  when  consid- 
en*d  in  connection  with  th«»ir  environment.  Invest ij::at ion  shows  tlie  presen<»e  of  an 
intimate  connection  and  intcMdependtMice  lK?tw«M»n  them  and  their  surroundings. 
While  they  dt»j)end  upon  suhstanc<*s  in  the  water  for  nutrition,  they  in  turn  pn>b- 
al)ly  perform  a  valuable  function,  th<»  sam<»  that  has  been  proved  by  Bokorny 'lU 
an<l  Strohmey(*r '1»7,  in  the  case  of  some  hi<i:her  alij:as  that  of  purifying  the  water, 
reducinji;  th(»  amount  of  bacterial  ^rowtli  accompanyinir  <lecay,  and  rend<»rin«?  the 
me<lium  fit  for  hi^hei-  life,  'i'hcir  valu(»  also  as  a  food  supply  to  the  aquatic  fauna 
is  \v(»ll  known.     In  anv  biolo<ri<*al  studv  of  a  bodv  of  water  thr  alira'  must  therefon* 

•  *^  *  ft  vT* 

receive  attention,  arnl  should  be  considered  with  refeience  to  their  envii*onnient 
rather  than  as  independent  unrelated  entities. 

A  studv  of  this  kind  should  be  eoiitinu<*d  for  a  number  of  veai*s,  for  aside  from 
tlie  d«*sirability  of  repeate<l  observations,  it  is  neeessary  on  account  of  Nariations  in 
the  flora  from  vear  to  ^'ear.     Certain  species  mav  be  abundant  eacii  \ear,  but  others 

«  ft  Km  «  ^ 

are  ]>erio<lic  in  their  appearance,  beinj;  found  only  at  inteivalsof  thre**  or  four  years; 
and  forms,  moi*e  or  less  ]M»lymorphi<',  have  been  known  to  ap]M'ar  alm<>st  exclusively 
in  (Mie  <Mmdition  one  vear  and  in  another  conditi<m  the  n<*xt,  so  that  their  identitv 
lni8  not  been  known  until  their  life  historv  has  b(»en  trac(»d.     Such  variations  must 

ft 

Ik*  due  to  variations  in  environnuMit,  so  tliat  before  these  jdienomena  can  In-  under- 
st<MMl  the  environment  must  Im»  known  ami  its  influenc*  determined. 

In  the  natural  state,  the  elements  in  environment  are  so  numerous  and  so 
connected  that  to  know  definitely  which  (»f  these  pnxluce  a  certain  effect  on  an 
or*j:anism  is  impossible.  This  must  be  ascertained  under  artificial  conditions  and 
exj)erimentation  must  be  resorted  to  for  this  purpose.  I'nder  these  cinnimstances 
the  environment  mav  be  altere<l,  certain  of  its  elements  mav  1m»  eliminated  and  the 
effect  of  oth(M*s  studied,  so  that  after  rei>eate<l  trials  we  may  arrive  at  more  definite 
knowledge  of  the  life  principles  of  these  orjranisms  than  would  be  iH>ssible  in  the 
native  state.     When  the  relation  to  environment  is  <lefinitelv  known,  tluMi  we  mav 

ft  '  « 

go  still  further  and,  by  changing  this  envin>nment,  exert  a  certain  control  over  these 
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organisms,  causing  them  at  will  to  reproduce,  or  to  assume  any  stage  in  their 
development  wJiieh  we  may  desire. 

At  i)resent  great  confusion  exists  in  the  nomenclature  of  these  lower  vegetable 
organisms.  Many,  in  certain  stages  of  their  development,  can  not  be  distinguished 
from  one  another,  and  even  some  polymorphic  lihimentous  algje  have  often  l>een 
confused  with  unicellular  forms,  as  they  may  assume  a  unicellular  condition  in 
which  even  a  skilled  observer  is  unable  to  distinguish  tliem  with  certainty  from  true 
unicellular  jilants.  The  entin?  life  hist^>ry  should  there fon»  be  traced,  and  although 
there  may  be  stages  in  the  development  of  different  ones  which  <*an  not  l)e  readily 
distinguished,  a  broader  knowledge  must  aid  in  recognition. 

To  determine  accurately  the  life  history  of  a  sp(»ci(\s,  observation  should  be 
made  from  pure  cultun»s.  Tlui  need  of  this  has  been  i)ointed  out  by  Klebs  '06, 
Artari  '*)2  and  Senn  '*J0,  and  has  often  been  suggested  by  the  inaccurate?  work  of 
a  number  of  investigators,  in  which  many  siwcies  have  lx?en  confuscMl.  If  one 
start  with  a  single  cell  or  a  small  cluster  of  cells,  all  of  whi(*h  are  known  to  be  the 
same,  and  from  these  procure  an  unlimited  supply  of  absolutely  pure  material,  then 
one  can  assert  with  certitu<le  that  whatever  developments  occur  they  ai^e  character- 
istic of  that  species,  whereas  if  the  material  be  not  pure  one  is  easily  misled  as  to 
the  connection  of  different  forms.  But  even  a  pure  culture  under  one  set  of  condi- 
tions is  not  sufficient.  Material  should  l)e  subjected  to  all  possible  conditions  which 
might  ever  occur  in  nature,  and  the  (effect  of  these  conditions  studied  in  all  phases 
of  development.  When  this  is  done  we  may  venture  to  classify  the  organism,  and 
then  many  phenomena  not  now  understood  will  probably  1k^  explained. 

In  the  present  study,  which  was  continued  during  the  summer  of  1898,  1801), 
and  1900  at  Put-in  Bay,  Lake  Erie,  and  at  Ann  Arbor,  Mich.,  in  1900,  the  work 
has  been  largely  preparatory,  and  has  been  confined  to  comparatively  few  of  the 
numerous  forms  present.  Th<»  first  summi^r  was  devoted  i^rincipally  to  becoming 
acquainted  with  the  forms  found  in  Lake  Erie,  and  in  exi>erimenting  with  culture 
media,  that  pure  cultun^s  of  the  diff(?rent  forms  might  be  obtained  and  the  condi- 
tions governing  development  be  determined.  It  was  soon  found  that  although  algse 
existed  side  by  side  in  the  water  of  the  lake,  the  conditions  which  determined  their 
growth  were  not  tlie  same — that  th<»  favorable  conditions  for  development  must  be 
determined  for  each  g<Mius,  and  often  for  each  spet^ies  individually.  Comparatively 
few  would  live  at  all  in  the  media  which  are  so  generallv  used  for  more  hardv  forms 
found  in  stagnant  pools.  After  determining  the  favorable  media  for  some  of  the 
most  common  forms  in  tlie  plankton,  the  following  summers  were  devoted  totracipg 
their  life  history  and  studying  such  biological  facts  asc<mld  be  determined. 

As  the  amount  of  work  to  be  done  was  so  gr(»at,  it  was  thought  best  to  limit 
investigation  to  some  special  group,  and  as  th<j  ChlorophifceiV  are  more  easily  main- 
tained in  culture  and  are  more  varied  in  their  development,  requiring  more  constant 
observation,  they  were  taken  lii-st.  All  species  to  which  special  attention  is  given 
in  this  pai)er,  unless  a  statement  to  the  contrary  is  made,  were  taken  from  the 
plankton,  and  an  abundance  of  pure  material  wa«  obtained  by  cultivation.  Cultures 
were  ma<le  in  the  ordinary  Stender  dishes,  and  parallel  with  these  were  also 
(Hmtinued  hanging  drop  cultun^s,  where  the  development  of  the  same  individuals 
could  be  observed  from  day  to  day  and  no  step  be  overlooked. 

Aside  from  tracing  the  development  of  a  number  of  the  members  of  this  group, 
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a  partial  list  is  added  of  the  algae  occurring  in  the  plankton,  though  this  is  by  no 
means  complete,  as  comparatively  little  time  was  given  to  the  determination  of  the 
Diatoms.  The  material  was  merely  preserved  for  future  examination.  The 
determination  of  the  Desmids  was  mainly  left  to  Mr.  A.  J.  Pieters,  who  has  given  a 
list  of  this  family.  (Pieters  '01.)  A  numl>er  of  the  CfjdnojjJujcea  also,  which  are 
common  in  the  plankton,  have  not  ]>een  determined.  The.se  are  minute  gelatinous 
forms  occurring  as  flocculent  masses  in  the  water,  and  though  the  structure  of  the 
cells  is  constant,  the  form  of  the  colony  is  more  or  less  variable,  depending 
apparently  on  the  age  of  the  colony  and  the  kind  and  amount  of  nutritive  sul>- 
stances  in  the  water.  To  make  an  accurate  list  of  the.se  would  inquire  careful 
comparison  and  a  mon^  perfect  knowledge  of  their  life  conditions  than  we  now  have. 
Undoubtedly  many  of  them  are  undescribed  species.  Though  the  list  of  Chloro- 
phyce(t  here  given  is  fuller  than  that  of  other  classes,  it  is  by  no  means  complete. 
Some  unrecognized  forms  were  met  with  whei*e  attempts  at  cultivation  failed,  due 
to  inappropriate  culture  conditions,  and  as  a  result  classification  could  not  l>e  made. 

In  the  examination  of  fresh  plankton  material,  the  more  con.spicuous  forms  were 
easily  detected,  but  there  were  always  a  numl>er  of  minute  forms,  such  as  ChloreUa^ 
Chlorosphard,  and  ChJamudomonas^  which  easily  escaped  notice,  or,  if  observed, 
they  appeared  as  single  green  cells  which  could  not  be  identified.  That  these  might 
l>e  taken  account  of,  and  not  be  altogether  overlooked,  large  cultures  were  started 
fnim  the  fresh  jilankton,  and  in  these  cultures  develojKxl  many  such  forms  which 
had  escaped  observation  in  the  examination  of  the  fn\sh  niaterial.  Some  of  these 
were  isolated  from  all  other  forms  of  alga*  an<l  their  develoi)ment  studied.  It  is 
l>elieve<l,  however,  that  farther  study  in  this  line  will  give  many  additional  species 
and  many  interesting  biological  facts,  for  as  yet  but  few  of  these  larger  cultures 
have  l>een  thoroughly  examined  and  the  sj^ecies  determined. 

For  the  names  of  species,  where  a  detailed  study  is  not  given,  the  detenuination 
is  ba.sed  on  the  simple  descriptions  of  other  authoi's.  The  list  is  given,  however, 
oidy  as  a  temporary  guide  to  the  forms  present,  for  it  is  iM-lieved  that  new  methods 
of  invt»stigation,  when  applied  to  the  development  of  even  some  of  the  best  recog- 
nized genera,  will  change  the  nomenclatun*  considerably.  Some  forms  whi(*h  have 
l>et»n  classe<l  together  may  prove  to  be  <listinct  species,  and  ])ossibly  others  which 
show  variation  should  be  combined  to  form  one  species. 

In  the  physiological  work  done  on  thes**  forms,  by  far  the  greatest  amount  of 
attention  has  l>een  given  to  thi*^  subject  of  nutrition  and  culture  media.  Tempera- 
ture is  of  less  imiKjrtance,  for  relatively  great  variations  do  not  seem  to  affect  them. 
The  water  in  the  natural  con<lition  never  reaches  a  tem]>erature  so  high  as  to  kill 
them,  and  low  temperatui^e — even  fivezing,  at  least  in  some  cases — does  not  end  their 
existence,  but  seems  to  affect  them  mainly  in  reducing  their  rate  of  increa.se.  The 
degree  of  light,  t(X),  in  which  they  can  live  would  seem  to  vary  largely,  as  they  are 
often  found  at  ccmsiderable  d<*pth,  as  well  as  at  the  surface.  The  Indief  of  many 
recent  investigators  that  alga*  with  chromatophores  may  make  use  of  both  organic 
and  inorganic  substances  in  their  nutrition,  is  support eil  by  the  experiments  of 
Artari  'oi  and  Knorrich  'ni,  lK)th  of  whom  found  that  the  alga^  u.sed  in  experi- 
ment^ition  thrived  much  better  when  organic  substances  were  present  in  addition  to 
tlie  inorganic.  Artari  even  found  that  at  least  certain  forms  could  live  and  remain 
green  in  total  darkness. 

It  has  been  the  experience  of  the  writer  that  great  variation  exists  among 
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different  algjp  on  this  point  and  that  the  kind  of  substance  and  the  amount  best 
suited  to  development  must  be  determined  for  every  alga  selected  for  culture. 
While  some  grow  more  luxuriantly  in  a  purely  inorganic  solution,  others,  among 
which  are  the  unicellular  blue-gi'een  alga^,  s<^em  to  prefer  a  solution  where  at  most 
but  a  trace  of  mineral  mattc^r  is  pn^sent.  The  culture  medium  most  favorable  in  a 
large  number  of  cases  was  a  d<»eoction  made  from  the  organic  matter  of  the  plank- 
ton. This  seemed  especially  favorable  if  large  quant  ities  of  A  tiahcend  flas-aqme-  were 
present.  This  observation  that  the  organic  matter  of  the  water  could  b<^  used  by  the 
algse  has  suggested  a  possible  explanation  of  the  great  increase  of  algaj  at  certain 
seasons,  causing  the  ''water  bloom."  This  phenomenon  has  been  observed  by  the 
writer  but  three  times,  but  at  each  time  it  was  known  that  an  unusual  amount  of 
dea<l  organic  matter  was  in  tlie  water  of  that  vicinity.  At  one  time  the  matter  was 
in  the  form  of  numerous  small  dea<l  fish  iloating  on  the  water;  at  another  time  a 
quantity  of  refuse  had  be(ui  emptied  into  the  bay  where  the  water  bloom  was  noticed; 
and  a  third  tinu^  large  ar(»as  of  the  surface  of  the  water  were  covered  with  the  skins 
of  Ephemera  which  are  shed  bc^fore  the  insect  reaches  the  imago  state.  Such  phe- 
nomena as  these  can  be  explained  only  (»xperimentjilly,  and  it  is  along  these  lines  of 
increase  and  source  of  nutrition  that  further  investigation  should  l)e  carried. 


THE  STRUCTURE  AND  LIFE  HISTORY  OF  CERTAIN   PLANKTON  ALGiE. 

Clilainydoinonas  gracilis  Snow,  now  sp<'cie8.  \ 

This  siK^cies  of  C7//fim//(Zomr»Hi.s  (fij^.  i)  in  its  most  vigorous  and  normal  motile  condition  is 
cylindrical,  ovoid  or  tdlipHoidal  in  shape,  rounded  at  the  i)08terior  end  and  bluntly  pointed  at  the 
anterior  end.  Length  10.5  to  1^^  //;  hnjadth  .1  to  6..")  //.  In  the  nonmotile  condition  the  cells  are 
ovoid  or  spherical,  and  often  motile  individuals  of  the  same  shape  are  noticed,  with  a  diameter  of  9 
to  10.5  //.  The  chloropljist  and  entire  cont^'iits  art^  sometim(;s  withdra\vn  from  the  membrane  either 
at  the  anterior  or  posterior  end.  Wh*^n  at  the  anterior  end  the  two  i)rotopla8inic  flaKella  can  be  seen 
to  l)e  continuous  with  the  protojilasm  within.     The  Hagella  are  somewhat  loujtfer  than  the  cell. 

The  single  hollow  chloroplast  lin(\s  the  membrane  throughout,  except  for  a  very  small  area 
jnst  at  the  anti'rior  end,  at  which  iK)int  two  jml sating  viicuoles  can  l)e  stien.  The  color  is  a  doll 
bluish-gretni,  rather  than  a  vivid  green.  Oil  is  always  present.  The  pyrenoid  is  in  the  extreme 
posterior  end  of  tin;  cell.  Tlu»  pigment  spot  is  a  conspicuous  dull-red  disk,  and  is  often  situated 
as  far  bat^k  as  midway  In'twecn  the  two  ends  or  even  farther.  The  nucleus  occupies  a  position 
betwet^.n  th(i  center  and  the  anterior  end  of  the  cell.  After  division  the  cells  are  liberated  by  the 
(enveloping  membrane  l)ecomiiig  dissolved  at  one  point,  through  which  the  new  individuals  escape, 
lea\'ing  the  (empty  membrane  l)ehind. 

This  species,  like  most  siHM'it^s  of  Chlamydinnonns^  grew  and  rei)n)duced  rteadily  in  a  0.2  to  0.4 
per  cent'Knop's  solution,  and  this  culture  medium  was  used  to  tra(^e  the  life  history  of  the  species. 

On  transferring  material  from  Knop's  solution  to  water,  individuals  were  forme<l  which  were 
taken  to  1m»  the  gam(^t(*s,  though  only  in  one  instance  was  indi(rati(jn  of  copulaticm  noticed  (fig.  i,  4). 
These  were  in  all  rt'spects  like  the  ordinary  motihe  form,  except  that  they  were  smaller,  ovoid  in 
shape,  and  had  no  membrane  (fig.  i,  >)).  Though  thesi)e(;ie8  resembhMl  ( 'hinwydomottaji  delxtryana 
Goros.,  it  is  much  smaller  and  more  cylindrical  in  shape  than  that  species. 

This  species  was  found  2 A  miles  north  of  Kelley  Island,  in  Lake  Erie.  It  is  by  no  means  widely 
distributed  in  the  water  of  the  lake. 

ChlamydODGLOnas  coDGLmunis  Snow,  new  species. 

This  si)eci(\s  in  the  motile  stage  resembles  closely  the  preceding  species,  but  after  cultivating 
the  two  forms  in  pure  cultures  siileby  side  for  over  two  years,  and  finding  characteristics  which  are 
distinguishing  and  constant,  they  have  been  separated  into  two  species.  The  size  and  shape  of  the 
two  are  almost  identical,  the  shape  being  oval  or  ellipsoidal  and  pointed  at  the  anterior  end  (fig.  ii). 
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The  dimensions  are  lO.o  to  13  u  long  and  6.5  to  8  4^  broad.  The  color  is  a  brighter  and  yellower 
green  than  that  of  the  pre<*e<ling  species:  the  pyrenoid.  instead  of  being  at  the  extreme  posterior 
end  of  the  cell  is  near  the  center,  and  the  pigment  spot  is  an  inconspicuons  elongated  strip  of  dull 
red  which  can  rarely  Ix*  distingiiishe<l.  except  when  viewe<l  at  the  side.  In  all  other  respects  the 
strnctnre  of  this  species  resembles  that  of  the  preceding.  The  diNTsion  is  longitndinal.  Chlamydo- 
motiOH  <v>mmMiii,s.  thongh  in  general  appearance  greatly  resembling  Chlamydomonaa  media  Klebs, 
is  smaller,  the  largest  cells  being  only  ab<»ut  half  as  large  as  the  largest  of  that  species.  The  mode 
of  di^-isi<>n  also  in  the  two  si)ecies  is  so  different  that  the  two  could  not  be  classified  together. 

This  species  was  found  in  maiiv  cr)llections  taken  at  the  western  end  of  Lake  Erie. 

Chlamydomonas  globosa  Snow,  new  species. 

In  the  natural  condition  in  the  i^lankton  of  Lake  Erie  this  si)ecies  exists  abundantly,  but  in  a 
form  not  easily  recognize<l  iis  a  ^7i//im//r/omo/if/.s.  In  appearance  it  resembles  Pleii rocoi'cus  regu- 
laris  Artari.  crmsisting  of  one  <»r  nu^re  clusters  of  spherical  cells,  more  or  less  .separated  from  each 
other,  and  all  imbedde<l  and  held  in  place  by  a  thick,  gelatinous  covering.  When  first  placed  in 
culture  the  gelatinous  enveloi)e  disappears,  the  cells  l)e<M)me  isolated  and  the  normal  appearance  of 
a  Chlamydnmonas  is  assumed:  but  when  division  occurs  the  alga  takes  again  the  cluster  form  as 
found  in  the  i)lankton. 

In  the  motile  form  the  celLs  are  spherical  or  slightly  ellipsoidal,  with  a  diameter  of  5  to  7.8  u. 
No  anterior  beak  is  present.  There  are  two  flagella.  as  long  or  slightly  longer  than  the  cell,  and 
a  small  inconspicuous  pigment  spot  at  the  side,  about  half  way  between  equator  and  cilia  (fig.  ill). 

The  chloroplast  extends  to  the  extreme  anterior  end  of  the  protoplast,  and  is  much  thickened 
at  the  posterior  end .  in  which  portion  the  pyrenoid  lies.  The  jiyrenoid  is  envelope<l  by  a  thick 
layer  of  starch.  Only  a  single  pulsating  vacuole  can  l)e  distingui.she<l  at  the  anterior  end,  but  this 
is  unusually  large  in  size.  Several  globules  of  oil  an*  present  in  the  anterior  portion  of  the  cell. 
Often  the  cell  contents  are  withdrawn  from  the  membrane,  either  at  the  anterior  end.  the  jKJsterior 
end.  or  at  all  points.     Gametes  were  not  found. 

After  divi*;ion  the  cells  are  lil>erate<l  by  the  cell  wall  becoming  gelatinous.  In  0.2  per  cent 
Knop's  solution,  where  diWsion  t<K)k  ])lace  normally  and  rapidly,  the  cells  existed  in  clusters  of 
four,  which  resemblf^l  in  every  respect  some  of  th«»  cell  comixmnds  foun<l  in  the  plankton.  This 
.sjjecies  of  Chlamydnmonas  was  cultivated  tor  a  i)eriod  of  two  years,  and  during  this  time  no 
variation  was  noticed. 

Scenedesmus  bijugatus  var.  flexuosus  Lf^mm. 

The  form  under  consideration  is  identical  with  Sr*  tndrsmn,s  lnjmjat ua  var.  Jfexuosns  described 
by  Lemmerman  *9iK  except  that  in  a  c<pno])iuin  '-^'2  ct-lls  seem  to  <x*cur  more  frequently  than  16 
^fig.  IV.  1).  Both  numV>ers  fre<iuently  apin-ar  in  the  plankton  of  Lake  Erie,  however,  and  the 
two  forms  are  undoubte<lly  the  .same.  This  variety  was  cultivateil  by  the  author  for  about  a  year 
under  a  large  numl>er  of  conditions,  and  as  some  points  were  observed,  not  noted  in  Lemmerman*s 
description,  they  are  given  here. 

It  was  first  thought  from  its  general  resemblance  to  S.  hijutjatrnt  that  it  might  be  this  species 
which  had  a.ssume<l  a  grt'ater  developm^-nt  due  to  unobstructed  light  and  the  inexhaustible  supply 
of  oxygen,  carbon  dioxide,  and  nutritive  substances  which  are  constantly  supplied  by  the  ever- 
moving  water  of  the  lake,  but  cultivation  of  the  .s])ecies  for  S4»me  months,  during  which  many 
generations  were  trace<l.  jjroved  that  the  great  numl>er  of  cells  was  characteristic  for  the  organism, 
and  that  when  pla<-e<l  under  the  artificial  conditions,  where  the  supply  of  air  and  nutrition  were  not 
so  constantly  renewed  as  in  the  lake,  it  did  not  ncHi-essarily  revert  to  the  u.sual  form  of  S.  bijugatus 
with  8  cells.  It  is  true  that,  under  si)ecial  conditions,  where  the  vitality  was  low,  it  sometimes 
I)rrMluce<l  an  8-<'elle<l  c<pnobimn.  but  in  the  same  culture  where  x  cells  were  found  cfenobia  of  16 
or  82  cells  were  alsr>  found.  The  ctenobia  of  >^  or  16  cells  i>ro<luced  again  ccenobia  of  82  cells,  so 
that  it  would  .s€»em  that  the  larger  number  of  cells  was  normal,  rather  than  abnormal. 

The  greatest  diameter  of  the  cells  of  a  mature  ctpnobium  is  20.8  //.  while  the  shortest  is  8.9  u. 
A  yotmg  copnobium  of  82  cells  measure<l  160  //  in  length,  while  an  older  one  mea.sured  :364  //.  The 
great  length  of  one  of  these  indi^^duals  strongly  su'^gests  a  filamentous  alga.  The  shape  of  the 
cells  in  young  ctenobia  is  cylindrical,  with  slightly  roimded  ends.     In  older  individuals  which  are 
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passing  into  a  rasting  condition  the  ends  l)ecome  more  rounded  and  the  shape  more  ellii)soidal.  In 
the  matnre  resting  stage  the  cells  are  spheri(*al  (fig.  iv,  2). 

Th(»  lueiubrane  is  perfectly  smooth  withont  prcK'esses  or  markings  of  any  kind.  The  composi- 
tion of  the  membrane  is  cellulose,  turning  blue  when  treat<»<l  with  iodine  aiid  sulphuric  acid.  In 
the  younger  individuals  tlie  membrane  is  comparatively  thin,  but  when  the  cell  passes  into  a  rest- 
ing condition  the  membrane  l)e<'omes  very  much  thickened,  is  2.5  to  3.2.")  //  in  diameter,  and  two, 
three,  or  .sometimes  four  layers  are  distinguishable.  The  thick  inner  layers  are  also  of  cellulose, 
while  the  outermost  layer  becomes  to  a  gn^ater  or  less  degree  cutiiiize<l.  As  the  cells  pass  into  a 
resting  stag(»  and  iKH'ome  spherical  in  shape,  the  surfiwe  of  contm^t  between  two  adjoining  cells 
becomes  less  and  less,  and  finally  they  break  away  from  each  other  and  exist  singly. 

The  chloroplast,  under  natural  conditions,  is  a  thin,  homogeneous  layer,  irregularly  interrupted 
at  the  center,  and  forming  a  lining  to  the  membrane.  At  one  side  near  this  ]>oint  a  large  pyrenoid 
is  present.  Under  cultivation,  in  most  mtnlia,  the  chloroplast  assumes  a  granular  appearanc/e  on 
the  surface  and  the  in^rforations  are  obscun»d.  Later  a  large  amount  of  oil  is  developed  which  is 
readily  dissolved  in  absolute  alcfdiol.  As  the  cell  passes  into  a  resting  conditi(m  this  oil  gradually 
a.ssumes  an  orange  (N)lor.  On  account  of  the  ease  with  which  the  (^ells  pass  into  a  resting  condition 
the  normal  condition  of  the  chloroplast  can  ^vith  difficulty  l>e  maintained  under  cultivation. 

The  nucleus  is  ."^mall  and  lies  near  the  pyrenoid,  sometimes  on  one  .side,  sometimes  on  the  other. 
Staining  with  hapmatoxylin  brings  out  the  jiresence  of  several  large  vattuoles  in  the  cell  cavity. 

In  its  relations  to  external  conditions  this  variety  stMi'ms  in  many  ways  t^)  deviate  from  most 
other  algie.  In  a  number  of  solutions,  found  generally  to  lx»  fav<.>rable  for  algal  culture,  this  variety 
simply  pjissed  into  a  resting  condition.  The  only  solution  tried  which  really  jiroved  U)  be  favorable 
was  a  solution  of  d<H*aying  Antdmnia  flon-aquiv,  which  oi'curred  at  times  in  grealj  quantities  on  the 
surface  of  the  lake.  In  this  the  development  seemed  nonujil.  In  an  organic  solution  (decaying 
l)eas)  and  in  0.2  ]K'r  cent  Kuop's  solution  the  color  l>ecame  grtMMi  and  healthy,  but  no  reproduction 
ocrcurred,  at  least  for  many  weeks.  A  solution  from  the  organic  material  of  the  plankton 
proved  favorable  to  reproduction,  but  old  and  young  c(enobia  alike  soon  l)ecame  filled  with  orange- 
colored  oil,  passing  into  a  resting  condition,  and  remained  in  this  condition  until  the  nutrition  of 
the  meilium  was  finally  exhaust<'d.  or  until  they  wen*  transferred  to  a  fresh  and  favorable  solution. 

Of  the  inorganic  solutions,  Sachs's.  Knop's,  Oelmann's  aiul  Knop's  solution  without  calcium, 
Sachs's  solution  wjis  the  only  one  that  was  at  all  favorable.  Here  n^i)roduction  occurred  readily, 
and  the  cells  assumed  a  normal  a]>pearance,  but  even  in  this  soluti(m,  after  a  time,  the  ccenobia 
gradually  ])assed  into  a  resting  condition. 

Staurogenia  apiculata  Lemm. 

This  species,  which  is  very  generally,  though  not  universally,  found  in  the  plankton  of  Lake 
Erie,  is  undoubtedly  that  descriln^d  ))y  Lemmerman  '98  as  Stanr<>gntia  npiciihtta.  His  figure 
and  mt^asurcments  agree  <iuite  closely  with  those  of  the  Lake  Erie  spe<»ies,  though  his  description 
leav<»s  us  in  some  doubt  in  regard  to  details. 

In  Lake  Erie  this  alga  may  (K'cur  either  as  individual  <-(enobia.  comjK^sed  of  4  cells  lying  in 
one  i)lane  (fig.  v.  4, 5) .  or  the.st»  ccenobia  may  1m*  united  into  large,  more  or  less  irregular  rectangular 
plates  of  cells,  measuring  50  to  loO  //  on  a  side  (fig.  v,  I). 

The  4  cells  of  the  c<enobium  are  either  lemon-shaixHl  or  oval,  and  are  arranged  to  form  a 
rectangh^  with  a  diamond-shap(»d  space  at  the  center.  Of  all  the  species  of  the  Ccenobice,  this 
is  a])parently  the  m<»st  constant  in  regard  to  the  number  of  cells.  In  other  members  of  this 
trib(»  the  numb:>r  of  cc'lls  of  any  daughter  individual  deptnuLs  very  largely  uixrn  external  conditions 
and  the  vitality  of  the  parent  cienobiuni,  but  of  the  many  thou.simd  ccenobia  of  this  spe<nes  examined 
under  widely  varying  conditions,  only  one  individual  showe<l  any  de\nation  as  to  immber  of  cells. 
In  this  cas»»  division  was  incomplete  and  but  IJ  c<<»lls  wei'e  formtMl  instea<l  of  4,  though  four  pyrenoids 
were  present. 

The  large  i)late-like  structures  which  are  fotmd  in  the  tow,  and  which  also  occur  in  cultures, 
arise  from  the  daughter  <-(enobia  remaining  after  lil>eration  in  the  iM)sition  in  which  they  are 
formed  (fig.  v,  1 ).  being  held  in  phu'e  by  a  colorless,  gelatinous  sul>stance  which  surrounds  each 
individual.  As  each  of  the  4  cells  gives  ris<^)  to  a  daughter  (Menobium  of  4  cells,  all  of  which  lie  in 
the  same  plane,  a  i)late  of  U)  (Hills  is  formed,  and  as  each  of  the8i>  again  pnnluces  a  coenobium, 
a  compound  c(enobium  of  (U  cells  is  produced.     This  ]>r<K*ess  continues,  but  the  plate-like  struo- 
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ture  soon  becomes  more  or  less  broken  and  (listorteil.  Jis  is  seen  in  the  material  from  the  plankton, 
and  the  irregrularity  increases  as  reprrMluction  continues.  As  the  gelatinous  substance  which 
holds  these  together  is  invisible  \^ithont  reagents,  one  receives  the  impression  that  each  plate-like 
mass  is  a  ccenobium  or  individual,  whereas  in  reality  it  is  made  up  of  many. 

Under  normal  conditions  of  growth  the  cells  of  this  s-pecies  are  ovoid  or  lemon-shai)e<l,  with  the 
membrane  projecting  into  a  very  sliort  and  almost  obscure  wart  at  one  or  lx>th  ends  of  the  cell 
(fig.  v,  4.  5).  The  typical  sliajH*  is  evidently  that  of  a  lemon  wliich  is  more  or  U»ss  unsymmetrical 
with  reference  to  its  long  axis.  But  in  th(»  c<eno]>ia  where  two  cells  are  in  contact  their  opposed 
ends  often  iHK'ome  more  or  less  flattened.  Tlie  proje<-ting  j>^>rtions  of  the  membrane  are  then  often 
not  formed,  and  the  cells  are  quite  distinctly  ovoid,  the  broader  i>ortions  of  the  adjoining  cells 
turned  toward  esuh  other.  The  mature  cells  measure  "»..>  to  ^  //  long  and  :^'J5  to  o.2  //  broad,  while 
in  young  ccenobia  they  are  ."» to  "».^  //  long  and  :».-*•*",  to  4  //  broad. 

The  membrane  is  very  tliin  and  consists  of  cellulose  fts  shown  when  treated  with  iodine  and 
sulphuric  a<'i<l.  Surrounding  tlie  membrane  and  enveloping  the  whole  ccenobium  or  compound 
ccenobium  is  the  homogc»neous  gelatinous  sultstance  which  unites  tlie  se|)arate  co'nobia.  This  is 
apparently  excrt^ted  from  the  cells  and  is  not  a  dissolved  iH>rtion  of  the  membrane,  as  the  mem- 
branes of  one  or  more  pre<-e<ling  genenitions  are  shari>ly  definc*d  and  lie  embedde<l  in  this  substance 
(fig.  v.  1).  The  ways  in  which  this  rc».si)onds  to  different  stains  are  various.  Fuchsin-iodine 
green  neither  stains  the  gelatinoiLs  substance  nor  is  cai)able  of  penetrating  it.  It  therefore  leaves 
the  cell  contents  uncolr>re<l.  Ha?matoxylin.  fuchsin.  and  safninin  .stain  the  cell  contents,  but  not 
the  gelatinous  envelope:  the  latter,  however,  takes  a  deep  color  with  gentian  \'iolet.  The  stracture 
is  best  brought  out  by  tannate  vesuvine  whicli  stains  it  brc>wn.  With  this  stain  single  ccenobia 
show  but  a  single  layer  of  this  substance,  often  thicker  than  the  diameter  of  the  cells  themselves, 
though  varying  somewhat  in  amount.  In  the  large  cominmnd  ccenobia  several  layers  are  made 
visible,  each  successive  outer  layer  l>eing  h»ss  dense  than  the  adjoining  inner  layer.  These  different 
layers  are  the  gelatinous  envelojx-s  <levelo|»ecl  <luring  the  differ«*nt  generations  and  retained  from 
one  generation  to  the  next.  The  inner  denser  layer  is  sharply  outlined  from  the  cithers  and  is  3  to 
3.5  M  thick.  With  the  tannate  vc^ux-ine  fine  radiating  lines  are  brought  to  view  at  right  anglea  to 
the  surface  of  the  cell,  and  undoubte<lly  indic^ate  a  pri.smatic  structure  (fig.  v,  2)  such  as  described 
by  Klebs  *86  for  Zygueiua.  Tlie  s«*cond  or  next  outer  layer  shows  no  >uch  striaticms,  but  is*  quite 
definitelv  outlined,  while  the  third  and  outermost  visible  laver  is  more  or  less  indistinct  and 
gradually  vanishes  into  the  MirroundiuLr  medinm. 

The  chloroplast  is  thin,  jiarietal.  and  forms  a  close  lining  to  the  membrane.  In  some  young 
ccenobia,  on  the  side  of  the  cell  next  to  the  centnd  spa^e.  thtT^  was  sf-en  to  Im*  an  oj^ening  through 
the  chromata])hore.  lint  in  mature  siM-ciniens  no  trac^  of  an  cn^ening  could  l)e  detec^ted.  Lying 
imbedded  in  the  chloroplast  i>  a  singh*.  relatively  larixe  pyrenoid  surrounded  by  a  thick  layer  of 
starch.  The  ]K>sition  of  the  p\Tenoid  in  the  cell  is  in  no  wi.-Ne  con.stant.  as  .s<)metimes  it  lies  nearer 
one  end  of  the  cell  and  sometimes  n»'arer  the  other.  Its  iKj>ition  alM»in  reference  to  the  nucleus 
is  not  constant:  the  latter,  however.  <KM'npies  different  {positions  in  the  cell  acc^ording  to  the  age. 

In  young  ccenobia  the  imcleus  invariably  CM-cupies  a  ^wsition  near  the  wall  a<l joining  the  cen- 
tral sx)ace  (fig.  v.  Tx/).  while  in  older  indixnduals  it  moves  toward  the  center  c>r  near  to  one  end  of 
the  cell.  The  minuteness  of  the  nucleus  renders  a  detaih*d  study  difficult,  but  material  stained 
with  ha?matoxylin  showed  .strands  of  protoplasm  radiating  from  it,  and  in  one  case  a  nucleolus 
was  plainly  \isible  (fig.  v.  s).  In  the  .siime  material  aLso  a  st<iincMl  network  apiieared  throughout 
the  cell  and  was  undoubtedly  due  to  tlie  arrangem«*nt  of  the  prc)topla.*im  and  vacuoles.  Small 
globules  of  oil  were  always  present,  and  cK'casionally  larger  globules.  This  oil  liecame  darkened 
by  osmic  acid  and  was  dissolved  in  10  i)er  cent  iM)ta.ssiuni  hydrate.  It  wa>not  dis.solved  in  absolute 
alcohol,  which  wcmld  show  th<'  c)il  tc>  1h^  c)f  a  fatty  rather  than  an  ethereal  nature. 

The  new  individual  ari.ses  from  the  successive  bi]>artition  of  the  contc^uts  of  a!iy  cell  of  the 
ccenobium.  The  first  divi.sion  is  a  transverse  rme  (fig.  v.4».  The  sei'ond  division,  which  occurs 
in  each  of  the  products  of  the  first  division,  is  at  right  angles  to  the  first  and  in  the  same  plane  in 
the  two  products,  so  that  the  elements  are  arrange*!  in  the  fo^m  of  a  rectangle  while  still  within 
the  mother  membrane.  The  di\'ision  of  the  different  contents  of  the  cell  is  not  simultaneous,  as 
the  chromataphore  is  dividecl  l)efore  the  ])\Tenoicl.  and  judging  from  their  relative  |)osition  in  the 
cell  at  this  time,  both  of  the.se  divide  l>efore  the  nucleus.  The  four  daughter  nuclei  cx'cupy  a 
position  near  the  point  of  (x>ntact  of  the  four  chromataphores  (fig.  v.  4a),  while  the  pyrenoids  lie 
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toward  th**  ()pi)oaite  fnd  of  the  daughter  cell  {hfi^.  v.  4).  The  nuclei  retain  this  i)osition  in  the  cell 
for  some  time  after  the  cells  are  liberated  (fig.  v,  6).  Before  Ulceration  each  cell  becomes  invested 
with  a  membrane. 

The  daiight(T  cienobium  is  set  free  by  the  membrane  of  the  mother  c^ll  becoming  mptured 
from  the  middle  of  the  base  to  the  ai)ex,  so  that  one  longitudinal  half  is  loosened  and  thrown 
back  like  a  lid,  thus  setting  free  the  daughter  individuals  (fig.  v,  7).  Under  conditions  where  but 
little  gelatinous  substiince  is  present  and  only  single  ctjenobia  are  produced,  many  such  empty 
membranes  are  found  in  the  surrounding  medium.  When*  the  gelatinous  sulwtance  is  in  great 
abundance,  and  large  plates  of  cells  are  formed,  these  remnants  of  membranes  for  two  or  more 
generations  may  be  found  clinging  to  the  sides  of  the  cells. 

Phyaiology. — This  spiM.*ies  of  Stdiirogcuia  is  greatly  affwted  by  the  kind  of  substances  available 
for  nutrition.  Cultures  were  made  in  a  large  numlier  of  different  solutions — Knop's  solution,  sugar 
solution,  decfK'tions  of  mixed  vegetiible  and  animal  matter  found  in  the  idankton,  decoctions  of 
pure  vegetable  mattc>r,  and  decoctions  of  eartli.  Other  solutions  were  also  usc^d  which  will  l)e 
referred  U)  later.  In  most  cas(»s  cultures  were  minle  in  a  numl>er  of  different  ccmcentrations  of  the 
same  solution,  so  that  amount  of  substamu*,  as  well  Jis  kind,  was  taken  into  consideration.  For 
rapidity  of  incre^ise  the  organic  solutions  seemed  to  l>e  of  far  more  importance  to  the  species  than 
the  inorganic!,  and  the  solutions  found  most  favorable  to  this  were  the  d(KM)ctions  of  organic  matter 
from  the  plankton,  though  a  solution  from  decaying  i)ea8  was  also  favorable.  In  fresh  cultures  in 
these  solutions  the  i^latcs  usually  consi.sted  of  sixty-four  cells  (fig.  v,  1).  one-half  usually  l)eing 
folded  lMk!k  uiM)n  the  other,  but  in  the  older  cultun^s.  where  the  material  had  increased  greatly, 
the  plates  were  small,  consisting  in  a  large  number  of  ca.ses  of  sixte<»n  cells  (fig.  v,  2). 

Knop's  solution,  which  is  a  favorable  medium  for  a  large  numl>er  of  alga*,  did  not  prove 
favorable  to  either  reproduction  or  development  in  this  sjcecies.  In  cultures  of  0.4  iK*r  c^ent,  0.1 
pc»r  cent,  and  0.05  |M»r  cent  of  this  solution,  very  little  increase  t(M)k  plac(».  the  color  was  pale  and  the 
regularity  of  the  co'nobia  was  lost,  wliile,  owing  to  the  alwence  of  gelatinous  substance,  the  large 
masses  were  never  formed.  In  0.1  i»er  cent  and  0.05  jier  cent  growth  was  mor<»  abundant  than  in 
the  0.4  i)er  (rent.  The  cells  showed  no  regularity  of  arrangement,  however,  and  no  tracte  of 
gelatinous  substance  could  ))e  det^H-hnl  even  when  treated  with  tannate  vesuvim*  (fig.  v,  3).  In 
the  decoctions  of  earth  development  was  normal,  increase  was  rapid,  and  the  general  condition  was 
vigorous.  In  a  2  j^r  cent  sugar  solution  the  siKK'ies  liv(Hl  but  a  short  time.  In  cultures  where ^ 
nutriti<m  had  iHH'ome  exhaust<Hl  the  cells  assumed  a  dull  rust  color,  due  to  the  presence  of  oil. 
This  probaldy  was  a  r»^sting  stage,  though  all  attempts  to  resuscitate  it  after  it  ha<l  been  dried  in 
this  condition  failed;  when  not  dry,  however,  the  grtn^n  color  soon  returned  if  fresh  nutrient 
soluticm  was  added. 

As  this  siH»(?ies  did  not  flourisli  in  Knop's  solution  the  (juestion  an>se  as  to  what  element  in  the 
compound  was  detrinnMit^il  to  the  alga  an<l  ])revent(»d  <levelopment.  It  was  thought  that  it  might 
l>e  the  liirge  amount  of  ealcium  in  Knop's  soluticm  whicli  producred  this  eff(H*t,  and  to  determine 
this  |)oint  Knop's  solution  was  then  made  witliout  calcium,  and  a  solution  without  calcium  used 
by  Oelmann  in  the  cultivation  of  sphagnum  was  tried.  ( -ultures  were  made  in  various  concen- 
traticms  of  l)oth  these  solutions  with  the  following  r€*sults:  In  a  0.4  per  cent  Oelmaun's  solution 
development  was  far  more  natural  tlian  under  any  other  artifical  conditions,  the  group  of  cells 
lieing  much  larger  than  in  other  cultures.  The  same  api>earance.  though  to  a  less  extent,  was 
found  in  r>th(»r  concentrations — 0.1  per  cent  and  0.05  per  cent  of  th(j  same  solution  and  also  in  0.5 
l)er  cent  and  0.25  per  cent  of  Knop's  solution  without  calcium.  Apparently,  then,  calcium  inter- 
feres with  development,  and  in  nature  the  organism  probably  would  not  find  a  habitat  in  water 
containing  much  of  this  element,  but  would  seek  a  soft  water  rather  tlian  a  hard.  The  number  of 
clusters  which  were  formed  in  these  cultun^s  witliout  calcium  was  few  in  comiwirison  to  the 
numl)er  in  organic  solutions  and  the  cells  wert*  a  trifie  smaller.  The  dire<*t  cause  of  the  develop- 
ment l)eing  higher  where  tlie  individuals  are  fc'west  was  not  determined  in  this  case,  but  it  seems 
to  l)e  true  of  the  other  algte  as  well  as  of  this. 

Fiisola  viridis  Snow,  new  genus  and  new  s])ecies. 

In  the  natural  t'ondition,  as  found  in  a  stagnant  iKnid  in  Middle  Bass  Island,  in  Lake  Erie,  the 
cells  of  this  spwi<?s  were  single,  fusiform  in  shajK?.  and  sometimes  slightly  sigmoid  (fig.  vi,  3) .  Thev 
vary  from  37  U)  30  /i  in  length  and  8.5  to  21  /i  in  width.    A  medium  size  is  2H.5  m  long  and  8  m  broad. 
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A  distingiiUihinK  charaoUT  is  the  j^elatmons  covering,  usually  alx>ut  6.5  to  8  4^  thick,  snrrounding 
ea<^h  cell.  This  is  excrett^l  from  the  cell  and  is  of  .snch  a  consistence  as  to  l)e  jdainly  visible 
nnder  the  micr<J8c(^i»e.  but  shows  no  laminated  structure.  In  luiiture  cells  no  further  structure  is 
viidble  in  the  gelatinous  sul»stance:  but  in  rather  young  individuals,  if  cells  !>♦•  .stained  with  tannate 
vesuvine,  and  sometimes  without  staining,  two  portions  of  the  ruptured  mother  membrane  are 
seen  l>ing  iml>e<ld^^l  in  this  g»*latinous  sul>stance  •  tig.  vi,  4  ). 

Tile  iiu'mbrane  of  the  cell  i>  <*oniiM»s«'d  of  <ellulost'.  which  sliows  tlu*  I  due  color  with  imline 
and  sulphuric  acid.  The  gfl;itinon<  ♦•nveloi)e  r^inains  unaltere<l  in  ap|)earjin<*e  with  these 
reagents.  Thn  cliloroplast  «K'ru]nes  tli«' lari^t-r  iM»rtion  of  rh«*  <<*11,  leaving  near  the  center  only  a 
relatively  small  sjwice,  whidi  in  dirert  view  aj^^'ars  as  a  lii^hter  circle.  In  this  lies  the  nucleus. 
A  larg«»  pyn'iioid  is  jiroininent.  lyinir  als»>  near  tli«*  center  of  tlie  cell.  Small  globules  of  oil  <H-<*nr 
and  l»e<-ome  darkens 'il  by  osniir  a<id.  In  old  rultures  the  cell  a»»sumes  something  of  a  brownish 
color,  whirh  may  repres*'nt  a  resting  stage.  Init  when  >nr\i  a  browniish  cell  was  allowed  to  dry  it 
could  not  l>e  induce«l  to  grow  again. 

The  repr«Mluction  takes  place  by  a  single  transverse  division  of  the  contents  of  the  mother  cell 
(fig.  VI,  1,  'Ji.  The  two  parts  thus  formed  gradually  elongiite  in  op]H».*iite  dire<'ti<ms  from  the 
IM^int  where  di\ision  t<H)k  j)lace.  one  sli]»ping  by  the  «»ther  in  the  priKvss  (fig.  vi,  :{,  4)  and  lx>th 
iKM'oming  invest»Ml  with  a  membrane.  As  the  gelatinous  material  is  e.xcreted  from  the  cells  they 
be<*ome  gra<lually  seiwirate^l  from  ea<-h  other,  the  surrounding  membnm**  is  diagcmally  ruptured, 
and  the  cells  are  set  fnM».  The  division  is  rapidly  reiM*ated  so  that  the  api>earance  is  as  if  4.  8,  or 
16  cells  originate<l  at  once  from  a  single  cell,  but  in  the  pres<^nt  study  in  no  ca.st?  were  more  than 
two  cells  seen  to  originate  at  one  time  from  a  i^ir»*nt  individual. 

Tlie  .shai»e  of  th«»  cells  and  the  formation  of  colonies  is  largely  controlle<l  by  the  nutrient 
me<lium  in  which  the  jdga  grows.  A  large  numlM'r  of  cultures  were  made  in  different  sidutions, 
and  it  was  found  that  O.n.")  ]>er  cent  Kno]»'s  solution  most  nearly  repr<Mlu<-e<l  the  s]MH*i«»s  in  the  form 
in  which  it  was  first  found.  In  a  weak  d«'c<K-tion  of  earth  an<l  in  an  infu.sion  of  Annlnvna  Jflitn- 
(n/uip  the  cells  a.s.sume<l  a  much  longer  and  mort*  .♦^lender  form,  while  on  agar  mixe<l  with  0.4  i>er 
cent  Knop's  solution  all  r»*s*'mblance  to  the  original  form  was  lost,  the  cells  l>e<'oming  ])erfectly 
8I)herical.  with  dark  contents,  and  a  wide,  gehitinous  envelojH*.  In  a  solution  containing  organic 
matter  from  the  ])lankton,  also  in  the  decoi'tion  of  ♦•arth,  gelatinous  ma.sses  were  forme<l  as  large 
as  a  j>ea,  while  in  (».(»"»  jkt  <-ent  KnojTs  solution  the  cells  usually  existed  either  singly  or  in  smaller 
clusters  of  4  to  Hi  cells.  After  some  months  these  cultures  apiM*are<l  a>  a  vivid  irrt^n  jelly,  due  to 
the  great  increase  in  the  numlM*r  nf  cells. 

In  some  of  the  general  rlianicteristics  this  speci*-^  reseniblis  those  siK^ies  of  (hH'ifstis.  where 
the  cells  lie  imVHMld»*<l  in  a  gelatinous  matrix,  bur  the  fnsifonn  >haj»e.  the  greater  density  of  the 
gelatinous  enveloiM*.  and  the  structure  of  the  elil«»ropla>t  would  all  indicate  that  it  can  not  be 
clas.sifie<l  with  OiH-ifsfis. 

Oocystis  borgei  Snow,  new  sj»e<ies. 

In  fre<iuen<-y  of  a])iH*anince  and  the  form  in  which  it  <H'curre<l  thi»*  >p«'cies  .showed  great  varia- 
tion during  the  three  summers  when  obs»'rvations  were  made.  In  l^UX  it  was  not  note<l  at  all  in 
the  plankton,  while  in  I'^'.M*  it  was  the  most  abuiulant  of  all  of  the  ( 'hlnrnjthifrrtf  and  api^earetl 
in  large  complexes  of  many  cells  grouiK^l  into  twos,  fours,  or  eiirhts.  and  all  imlHMlded  in  a  homo- 
geiMH»us,  transjuirent,  gelatinous  substance.  In  a  very  few  cas'S  colonies  of  two  cells  were  noted. 
In  IIHM)  these  large  gelatinous  mjusses  were  never  ol>^»*rve<l.  but  the  small  cohmies  of  two  or  four 
cells,  such  as  descriln'il  by  Bors^e  ('(Hh  «K'curred  frequently.  From  the  large  gelatinous  masses 
pure  cultures  were  easily  obtained.  The  cells  ine;i>ur»'  l-'J  //  long  and  U  //  broad,  and  the  shax>e  is 
ellii>soidal  or  slightly  fusiform  'fig.  vn,  1.  *2,  o). 

The  membrane  is  a  thin  layer  envelojiing  the  contents.  <  hitside  of  this  is  a  thick,  gelatinous, 
covering  which  unites  the  cells  into  colonies,  and  varies  in  thickness  from  one-half  to  twice  the 
diameter  of  the  c«'ll  «fig.  vn.  4.  ."n.  The  membrane  consists  of  ivUulose,  taking  a  blue  color  with 
io<line  and  sulphuric  a(id.  Cells  in  the  natural  condition  and  young  cells  in  culture  showe^l  the 
membrane  to  W  of  the  same  thickness  at  all  ]M»ints.  but  some  older  cells  in  culture,  though  not 
all,  showed  the  membrane  to  In*  somewhat  thi<-kene<l  at  the  ends.  This  thickening,  however,  did 
not  take  the  nature  of  a  wart  or  projtH-tion.  such  as  has  been  noted  in  other  species.     The  outer 
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gelatinous  envelojx?  becomes  stained  with  hapmatoxjiin  and  also  with  taiiiiitte  vesnvine.  With 
the  latter  it  is  homogeneous  and  shows  no  prismatic  structure  characteristic  for  such  coverings  in 
many  similar  forms  of  algap.  Two  layers  can  often  be  detect^ni,  however,  the  inner  one  the  more 
dense.     The  outer  one  i)robably  l)elonKs  to  the  preceding  generation  (fig.  vii,  4). 

There  is  but  a  single,  vivid  grwn,  homt^geneous.  parietal  chloroplast.  through  which  there  is 
an  oi)ening  at  one  side  or  near  one  end.  From  this  opening  th(»  chloroplast  gradually  increases  in 
thickness  toward  the  opposite  side,  where  it  inclos(»s  a  large  pyrenoid  (fig.  vii,  1,  2).  The 
central  portion  of  the  i)yrenoid  shows  a  crystalline  character.  an<l  is  surrounded  by  a  thick  starch 
enveloi)e.  The  single  spherical  or  elongated  nucleus  lies  n(»ar  the  center  (fig.  vii.  la).  With 
hjematoxylin  a  network  throughout  the  cell  is  brought  to  view,  and  is  probably  due  to  the  arrange- 
ment of  protoplasm  and  vacnioles.  Oil  is  found  in  greater  or  less  (quantity  in  all  cells.  This  (»il  is 
turned  brown  by  osmic  acid  and  bec^omes  dissolved  in  absolute  alcohol. 

Reproduction  occurs  by  means  of  bipartition  or  repeated  bipartition  of  the  cell  contents,  so 
that  two,  four,  or  eiglit  cells  are  formed  from  one  individual.  The  first  division  is  a  transverse 
one  (fig.  VII,  'fUi):  then,  if  the  ])rfK^ess  continues,  the  next  divisions,  dividing  the  products  of 
the  first,  take  phwe  at  right  angles  to  the  first  division  and  at  right  angles  to  each  other  (fig.  vii, 
3Z>).  Each  part  then  l)ecomes  investe<l  with  a  m(»mbrane  au<l  the  outer  gelatinous  substance 
begins  to  lx»  excreted  by  the  cells  Ijt^fore  they  are  8<»t  free  from  the  mother  cell.  The  enveloping 
mother  membrane  Ix'comes  mucli  distende<l,  prolxibly  by  means  of  the  gelatinous  substance  (fig. 
VII,  4),  until  finally  it  lxM.'<)mes  ruptured  at  one  point  and  the  two,  four,  or  eight  cells  are  set  free, 
leaving  the  nminant  of  the  f)ld  cell  wall  clinging  to  the  outer  surfac»e  of  the  gelatinous  covering 
{fig.  VII,  3.  5).  Thfmgh  in  young  individuals  there  is  but  a  single  (rhromatophore.  this  very 
soon  becomes  <livided  into  two  or  four,  long  l)efore  the  division  of  the  cells  mu'iirs,  so  that  in  a 
culture  the  great  majority  of  cells  contain  four  chromatophores,  and  it  was  first  thought  that  four 
was  the  normal  immln^r.  Preceding  the  tlivision  of  the  chlon>phyl  Ixxly  <M-curs  the  division  of  the 
pyrenoid.  The  division  of  the  nm-leus  d(H»s  not  oc^cur  until  just  Iwfore  the  formatifm  of  the 
daughter  cells  and  long  after  the  di\'ision  of  tlie  chlorophist. 

Physiol  Off  I/. — Though  in  thti  natural  (conditions  the  cells  ar(»  usually  found  united  into  larger 
or  smaller  complexes,  the  aggregated  form  of  growth  is  by  no  means  necessary  to  existence  and  is 
charac^teristii^  only  under  c(»rt4iin  conditions,  for  under  the  various  (»nviromnents  to  which  the  alga 
was  submitted  in  artificial  cidtur<».  it  was  found  that  (ather  the  isolated  or  aggregatetl  condition  of 
the  c^Us  could  l>e  prcxluced  at  will.  C.'nltures  were  made  in  varif)us  media,  such  as  different 
concentrations  of  Knop's  .solution,  de(*octions  of  earth,  and  solutions  containing  animal  and 
vegetable  matter  taken  in  the  tow  from  the  lake  and  stagnant  ponds.  Of  the  various  scdutions 
used  the  organic  solutions  seem(»d  l)est  to  repnxluce  the  aggr<»gat«Ml  form  jis  it  is  found  in  the 
plankton,  but  even  here  the  masses  w«^re  not  cpiite  as  large  jis  those  in  the  natural  condition, 
although  the  appearance  of  the  individual  cell  was  in^fei^t  (fig.  vii,  4).  The  c(mc^»ntration  of  the 
organic*  solution  had  a  marked  effect  in  pnMlucing  tlu<  isolated  or  aggregateil  condition  in  the 
developmtjiit.  Th<*  exiict  amount  of  substance  in  solution  was  not  det«»rmined,  but  it  was  found 
that  in  the  solution  which  was  taken  as  a  standard  the  (tells  were  all  gr(mi)ed  in  colonies,  and 
several  of  these  were  united  into  coniiK)und  C(^lonies.  In  the  same  8oluti(m,  but  of  one-half  the 
standard  conciMitration.  and  even  in  the  al)ove  solution  after  the  concentration  had  become 
reduced  by  the  growth  and  increase  of  the  algae,  only  isolatc^d  cells  were  formed,  which  were 
distributed  throughout  the  li(ini(l  instesid  of  resting  on  the  Iwttom  of  the  culture  glass,  as  occurred 
in  most  cultures.  Each  individual  c(41  wiis  surrounded  by  a  g<?latinous  covering  one-half  to 
twice  the  diameter  of  the  cell  in  tliickness,  but  these  were  not  held  together  by  a  common 
enveloiH^  (fig.  vii.  5).  TIk^  vigor  of  the  culture,  however,  s(»emed  just  .as  great  as  where  the 
families  were  formed.  It  is  probable  that  th(»  greater  amount  of  wat(»r  pres(»nt  in  pr()iK>rtion  to 
the  organic  matter  riMluced  th(»  consistency  of  tin?  gelatinoTis  substance,  and  the  connection 
between  the  cells  was  brok(»n. 

Knop's  solution  of  different  concentrations  did  not  stn^m  tolK'  favorable  to  (h^'elopment,  for  in 
no  case  was  the  apiK*aranc(»  normal.  (\'lls  W(^re  usually  isolattvl  and  a  gr<»at  amount  of  oil  was 
dev(^loi>ed  in  the  cont4»nts.  In  1  i>er  cent  and  0.4  iK»r  cent  increase  was  slight,  while  in  0.1  jht  cent 
and  in  0.05  js^r  cent,  notwithstanding  a  very  large  amount  of  oil l)eing  pr(»sent  (fig.  vii,.")),  increase 
wiis  rapid.  In  the  d(H'octi(m  of  earth  growth  was  abundant  and  normal,  except  for  the  presence 
of  a  large  amount  of  oil. 
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This  species  certainly  resembles  closely  the  Oocystiff  lacuHtn's  describe<l  by  Chodat  '97,  bat 
after  cultivating  the  two  forms,  })oth  <>f  which  cx-cnr  in  Lake  Erie,  and  obtaining  an  abundance  of 
pure  material  of  l^oth.  each  was  found  to  sliow  certain  characteristic  differences  which  separate 
them  into  different  species.  Tlie  most  striking  of  these  was  the  protruding  jxnnt  at  the  ends  of  the 
cell  of  Ottci/siis  iarnsfris.  while  in  the  other  si)ecies,  if  any  thickening  was  noticeable  at  the  poles, 
it  did  not  project  in  the  form  of  a  wart,  but  was  a  gradual  thickening  of  the  membrane.  Another 
differ(*nc4'.  which  was  constant,  was  the  longer  and  more  slender  shape  of  OfX'i/xtis  lacusfHs. 

Frrnn  the  figure  given  liy  Borge.  VMH),  of  a  form  occurring  in  Sweden,  it  would  seem  that  the 
species  in  ciuestion  must  l)e  the  same,  though  the  dimensions  are  slightly  smaller  than  those  given 
by  Borge.     In  recognition  of  Borge  ha\ing  first  figured  the  si)ecies  it  has  l>een  called  Oocyst  is  horgei. 

Chodatella  citriformis  Snow,  new  sjKHies. 

Tliis  new  s])ecies  is  distinguished  from  other  si>e<'ies  of  this  genus  by  the  shape  of  the  cell,  there 
beinga  short,  obtuse  elongation  at  either  end.  and  at  the  l)ase  of  these  are  arranged  the  whorls  of 
spines  which  characterize  the  genus  (fig.  viii.  1,  2.  '^). 

The  length  of  the  cells  varies  from  H  to  10  n.  The  spines  are  ver>'  delicate,  often  133  to  36  // 
long  and  but  0.5  //  broafl  at  the  l)ase.  In  different  individuals  six,  seven,  eight,  and  nine  spines 
were  found.  It  was  nr)t  thought  by  the  author,  however,  that  these  represented  different  species, 
although  s<^)me  authors  seem  to  distinguish  different  species  V)y  the  number  of  spines.  Unfor- 
tunately, large  cultures  of  this  species  were  not  obtained:  antl  although  cells  were  observed  through 
several  generations  in  hanging  drop  cultures,  it  could  not  be  determined  whether  or  not  the  num- 
ber of  spines  was  constant  in  the  descendants  of  a  single  individual,  for  as  soon  as  an  individual 
was  confined  in  a  hanging  drop,  the  spines  became  gradually  indistinct,  finally  disappearing,  and 
the  daughter  indiWduals  iK>ssessed  either  no  spines  or  verj'  rudimentary  ones.  Apparently  the 
spines  were  of  a  gelatinous  nature.  In  the  test  for  cellulose  with  iodine  and  sulphuric  acid  they 
quickly  disappeared  when  the  acid  was  addt^l.  The  reaction  for  cellulose  was  obtained  in  the 
membrane. 

The  chlorophyl  is  contained  in  a  single  parietal  chloroplast .  leaving  the  opposite  side  colorless. 
A  pvTenoid  lies  eml>edded  in  the  chloroplast. 

The  reproduction  occurs  by  the  cell  contents  becoming  divided  into  two,  four,  and  sometimes 
eight  parts.  Each  l>ecomes  invested  with  a  membrane,  and  forms  a  daughter  individual  (fig.  viii,  3). 
Though  the  actual  pro<-ess  of  lil>eration  of  the  cells  was  not  witnessed  by  the  author,  due  to  insuf- 
ficient material,  it  was  inferre<l  that  they  were  s»'t  free  by  the  rupturing  of  the  membrane,  as 
membranes  were  found  which  were  undoubte<lly  tlie  empty  mother  membranes  of  this  si)ecies. 

ChodateUn  ritn'forinis  was  found  in  surface  tow  and  at  a  depth  of  alxmt  10  meters,  near  North 
Bass  Island,  in  Lake  Erie. 

Pleurococcus  regularis  Artari. 

One  of  the  most  conspicuous  and  common  of  all  the  plankton  alga*  is  a  form  determined  by 
the  writer  as  Plri(nn'orrus  nyularis  Artari  (fig.  IX,  1 ).  It  consists  of  cell  complexes  composed 
usually  of  4,  x,  IH,  or  '^'2  clu.sters  of  cells,  more  or  less  seimrated  from  each  other  and  embedded  in 
a  transj>arent .  gelatinous  sul)stan<-e  id).  Ea<"h  cluster  in  turn  is  composeil  of  4,  8,  16.  or  32  cells, 
which  may  l>e  in  contact  with  each  other  or  may  l>e  sepanitinl  from  eac*h  other  and  held  in  place 
by  the  same  gelatinous  material.  Without  doubt  it  is  these  complexes  which  Senn  '99  regards  as 
stages  in  the  development  af  ('n'htstrum  vticn/jxn-utii  Naeg.,  and  Chcxlat  as  stages  of  Cfelastrum 
splnrrium  Naeg.  The  striking  resemldances  of  these  complexes  to  ('tvlnntnim  was  noted  by  the 
writer  when  the  alga  was  first  seen  in  the  plankton.  The  Wew  held  by  Chodat  as  to  the  identity 
of  the  two  forms  was  then  accepted  and  the  difference  in  appearance  was  regardeil  simply  as  dif- 
ferent pha.'ies  of  the  siime  form,  due  to  different  conditions.  It  was  note<l.  however,  that  side  by 
side  in  th<'  large  plankt(m  cultures,  as  well  as  in  tlie  frf*sh  collections,  l)otli  forms  were  found.  The 
one  corresponding  to  (\rlusfnim  consisted  of  single,  isolated  ccenobia  comi)osed  of  many  closely 
arranged  cells  with  very  little  surrounding  gelatinous  sul>stance.  The  other  form  consisted  of 
many  clusters,  widely  separated  from  each  other  and  eml)edded  in  a  common  gelatinous  matrix. 
The  indi\'idual  cells  als^j,  as  well  as  the  ca?nobia,  were  more  or  less  separated  from  each  other 
according  to  age.  With  a  \'iew  to  determining  definitely  whether  these  were  the  same  8i)eciefl  in 
different  stages  or  distinct  forms,  each  was  isolated  and  placed  in  culture  under  the  same  condi- 
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tions.  The  difficulty  attendiiijif  the  cTiltivjition  of  the  PlniracfH-riis-liki'!  form  whh  very  Kre»t,  aiid  it 
was  not  until  after  a  very  large  nunilK»r  of  attempts  had  In^en  msulo  that  vigorous  cultures  were 
obtained  from  which  conclusions  could  l>e  drawn  with  any  degree  of  certainty.  All  ordinary  solu- 
tions, so  commonly  used  in  the  cultivation  of  algie,  faile<l  jis  culture  media.  In  0.2  to  0.4  per  cent 
Knop's  solution  the  form  simply  assumed  a  yellowish  color  and  piissed  intx)  a  noting  condition. 
In  Knop's  solution  witliout  calcium  it  remained  green  for  at  least  six  weeks,  but  showed  no  indica- 
tion of  rei)ro<luction.  Organic  solutions  of  various  compositions  and  (u^ncentratitms  jiroved  more 
favorable  to  its  existciure,  but  even  in  these  not  mon»  than  three  generations  could  usually  })e 
obtaimnl  in  any  culture.  Tlu?  only  solution  tried  that  s*?eme<l  nwilly  favorable  was  from  a  (quantity 
of  decaying  Aituhvtut  jUts-tunHv.  The  clicmicral  comi)osition  of  this  solution  and  the  degrt^  of 
concentration  were  not  dett^rmiiUHl.  but  in  it  repnjiluction  t<M)k  phu^e  rapidly,  and,  as  far  as  could 
l)e  determined,  normally.  Tliis  solution  proved  ecpially  favorable  for  Cufidslrniit.  Pure  cultures 
were  then  made  f»f  eac^h  of  the  forms  and  plac«*d  in  <-onditions  jis  nearly  alike  Jis  iH»ssible. 

In  tht;  ccmrse  of  four  weeks  an  abundance  of  material  of  lioth  forms  wiis  obtained.  These  cul- 
tures wen!  then  rejK'ated  sev»»ral  times,  and  tlie  results  agreed  etwli  tim<\  Even  (»xtemally  a  differ- 
en<*e  in  the  cultures  could  l>e  detected.  The  Cn'histnnn  form  showed  jis  a  v<»ry  thin  green  covering 
on  the  lM)tt<)m  of  th«^  cnlture  ghiss.  wliile  in  the  otlujr  culture  a  thick  cloudy  layer,  *<\  to  4  mni.  deep, 
covertnl  the  In^ttom.  A  minute  examination  showed  a  still  mon»  markwl  difference,  and  one  which 
was  identic4il  with  the  two  forms  from  which  the  cidtures  were  msMle.  The  thick  layer  <m  the 
l)ottom  of  the  /Vr//iv>coer//.v  culture  wascomjKJStMl  of  tlie  floating  loose  (rom]Mmnd  clusters  emlxMlded 
in  jelly  exjwtly  as  in  tlie  plankton,  exeept  j)erhaps  that  the arrangemt;nt  of  tin?  cells  was  less  regular 
(fig.  IX,  2-1).  Unless  repr<Kluction  had  just  o<-curred  all  the  cells  were  more  or  less  seimrated 
from  one  another,  sometimes  wiilely  so.  but  all  were  held  in  place  by  the  surrounding  jelly.  In  a 
fresh  Civluntrinn  culture,  where  there  were  numy  hundreds  of  c(i*nobia.  but  one  instance  was 
noticed  where  any  separation  of  a  cell  from  a  cu'iiobium  (K-curred.  Ejich  of  tht^  other  cxenobia  was 
c<miplete  and  distinct,  without  any  connection  with  the  other  ctenobia  in  the  culture  (fig.  ix,  5). 
In  old  cultures  the  disintegration  of  the  c(enobia  was  more  frequent,  but  in  no  case  after  disintegra- 
tion had  (KH'urred  were  the  individual  cells  connected  by  a  surrounding  gelatinous  substaiK^e.  There 
is,  as  S<»nn  ( 189S)  has  stated,  a  relatively  thin  gelatinous  enA^elopi*  to  the  cells,  but  after  the  cells  have 
iK'Come  appreciably  st^^Kirated  from  one  another  this  <'nvelope  no  longer  connects  them.  In  no  ca.se 
did  (Ut'iaslniin  micropnnim  form  <M>mi)ound  clu.sters.  Asa  result  of  these  exiM»riments.  it  seems 
evident  to  the  writer  that  the  two  forms  are  distinct  si)ecies  and  can  not  Ix?  imit4>d. 

Artari  (**J2).  in  hisdes<'ripti(m  of  PhnrtHu teens  nyninris.  says  nothing  alnmt  the  jjresence  of  a 
gelatinous  (.»nveloj)e,  but  from  his  figures  it  is  evidently  present,  as  the  cells,  though  loosely 
arranged,  are  held  in  jdacM^  by  snne  substance  not  sliown.  Tht^  gelatinous  envelope  of  a  cluster, 
wh<?n  taken  from  the  ]>lankton.  as  well  as  of  those  in  the  artificial  culturt^  is  homogeneous,  but 
scmiewhat  denser  near  the  cells.  When  trcate<l  with  tannate  vesuvin  th(»  jelly  is  colore<l  brown, 
but  no  prismatii*  radiations  from  the  cell  are  shown,  as  in  StannKjenin  tipieuUitn  Ln'mm.  The 
tliickness  of  th(»  envelope  s(?ems  t-o  vary  somewhat  with  age.  In'ing  in  young  indi\iduals  less  in 
diamet<»r  and  denser  in  consistt^ncy  than  in  ohler  compounds  (fig.  ix,  2,  W).  When  distille<l  water 
is  added  the  substance  In^conies  at  h'ast  partially  dissolved. 

The  mt^mbrane  is  thin  and  eonsists  of  cellulose,  turning  blue  when  i<Kline  and  sulphuric  atnd 
an?  added.  Tlie  chloro]>Uist  is.  as  Art^iri  stat^-s,  a  hollow  sphere  closely  lining  the  membrane,  but 
with  a  circular  opening  at  one  side.  In  each  chloroplast  is  a  single  i)yrenoid.  When  stained  with 
ha'Uiatoxylin  the  single  nucleus  may  1m»  si'cn. 

The  new  comi)lexes  arise  by  the  division  of  llu?  cell  contents  into  2.  4,  tS,  1(>,  and  ]K>ssibly  \VZ 
parts  (fig.  IX,  1).  Each  of  these  iH'conies  invested  with  a  cell  membrane,  and  the  enveloping 
mother  membrane  lx*comes  more  or  less  irregularly  ruptured  and  the  c<dl  complex  is  set  free.  In 
this  i)rocess  of  division  tln^  first  visible  step  is  tin?  division  of  the  ])yrenoid,  then  the  division  of  the 
chloroplast.  At  just  what  tinu^  the  nucleus  divid<'s  in  reference  to  the  divisicm  of  the  other  parts 
was  not  determiiRMl.  AftiT  tin;  chlorophist  has  undergone  oni^  or  more  divisions  the  apiKjarance  is 
that  of  a  cell  with  several  chloroplasts,  (*ach  with  its  own  pyrenoid.  It  is  a  question  whether 
mistakes  have  not  been  made  at  timers  by  investigators  in  different  si)ecies  of  algte  in  taking  these 
I)ortions  of  the  divided  chlorophust  to  Ih»  entire  chloroplasts  and  (characteristic  for  the  sixKries.  The 
mother  membrane,  after  it  is  cast  off ,  remains  for  a  time  eml)edde<l  in  the  gelatinous  substance 
(fig.  IX,  2,  \\a)y  but  in  the  older  complexes  it  is  no  longcT  visible  (fig.  IX,  1,4). 
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As  the  type  species  of  PlvumcoccuH,  PleurcH'avcus  viil(j<tris  Menegh.,  reprf)duce8  l)y  means  of 
simple  vegetative  division  invohing  l)oth  contents  and  membnine.  it  would  seem  that  this  species 
conld  not  rightly  he  calle<l  Pit^itrocorcus.  In  resfiect  to  the  mcMle  of  reiirodnction  it  agrees  with 
Chlorelht.  bnt  the  presence  of  the  thick,  gelatinous  envelope*  is  not  characteristic  for  that  genns. 
The  physiological  characteristics  also  of  this  si)ecies  vary  widely  from  those  (»f  Chlorella.  The 
correct  systematic  position  seems  to  l)e  near  to  KirchiirrifUn,  as  the  chief  |)oint  of  distinction 
between  the  two  forms  is  the  sliajn*  of  the  cells,  the  cells  of  this  s])ecies  Ijeing  spherical,  while  the 
cells  of  Kirch  Twrielld  are  crescent-shai>ed.     Tlie  formation  of  cell  comph'xes  is  the  same. 

Pleurococcus  aquaticus  Snow,  now  si)ecies. 

Pleiirococcns  (iqiuitiriis  shows  in  its  highest  development  the  t\i)ical  structure  of  PlenTXH'iM'Cua, 
consisting  of  clusters  of  cells  2.  4,  x,  16.  :i2,  or  even  more  in  numl>er.  arranged  in  cubical  form 
(fig.  X,  1).  These  clusters  arise  from  the  reiH'ate<l  division  of  cells,  alternating  in  three  directions 
of  space. 

The  diameter  of  the  cells  of  a  cluster  varies  from  4  to  7  //.  The  membrane  is  thin  and  gives 
no  reaction  with  itnline  and  sulphuric  acid.  Tlie  chloroplast  is  single,  ccmcave,  thin,  i>arietal,  a 
vivid  green  in  color,  and  has  an  oi>ening  on  one  side,  which,  liowever,  is  rarely  di.stingnishable 
while  the  cells  are  arranged  in  the  cluster.  No  pyrenoid  is  present.  The  small  spherical  or  oblong 
nucleus  lies  near  the  center  of  the  cell. 

The  large  clusters  of  cells  evidently  do  not  increa.se  indefinitely  in  .size,  for  after  a  period, 
under  ordinarj'  conditions,  the  cells  undergo  a  diss(K"iation.  the  c(mt<k*t  l»etween  them  becomes 
destroyed,  and  the  cells  fall  into  formless  mas.s«^s  (fig.  x,  o).  The  individual  cells  may  then  divide 
and  either  produce  again  the  large  clusters  (fig.  x.  1,  4j,  or  they  may  di\nde  and  remain  in  the 
isolated  state  in  which  they  were  (fig.  x,2).  It  has  l)een  notice<l  that  if  the  cells  are  some  distance 
a];>art  they  pro<luce  again  the  large  clusters,  but  if  they  are  clos<'ly  crow<led,  instead  of  remmning 
united  after  division,  they  iKH-ome  separate<l  and  exist  as  many  single  cells,  which,  except  for  the 
absence  of  a  pyrenoid,  can  with  difficulty  l)e  distinguished  from  an  ordinary  Chlorella  tmlyaritt 
Beyerinck.  They  are  .spherical  or,  Ik* fore  <li vision,  ellipsoidal,  and  the  oi)ening  on  one  side  of  the 
chromatophore  is  conspicuous.  At  any  time  the.se  cells,  when  sei)arated  from  e^ach  other,  again 
form  large  clu.sters.  In  large  cultures  In^th  single  cells  an<l  clusters  were  usually  present,  and  in 
only  one  instance  were  the  single  cells  wholly  lacking.  This  was  in  a  culture  started  for  other 
purposes  in  a  tul»e  made  from  coll(Mlion.  similar  in  shajM'  to  a  test  tuln*.  This  was  filled  with  a 
0.2  percent  Knop's  solution,  the  alg;e  inserted  an<l  the  tube  sealed.  The  whole  was  then  immersed 
in  a  0.2  i)er  cent  Knop's  solution.  After  a  few  werks  tlie  increas(»  had  In-en  great,  but  only  the 
large  masses  were  present.  Wliy  the  alga  did  not  und(*rgo  a  disscn-iation  in  this  mode  of 
cultivation,  as  well  as  in  others,  wjis  not  determined.  The  cells  were  also  somewhat  larger  than  in 
ordinary  cultures,  all  having  a  diameter  of  (>..")  to  7  //  (fig.  x.  :i). 

This  sj)e<-ies  was  in  no  ca.se  foun<l  in  fresh  material,  but  was  found  in  a  large  planktxm  culture 
and  also  in  a  culture  taken  from  washings  of  ( 'hunt  growing  among  Srirjtns  (iimricftmi  Pursh.  and 
Sfujitttiriit  riijiiUi  Pursh..  in  Scpiaw  Bay,  South  Bass  Island.  As  it  was  found  in  Init  a  single 
plankton  culture,  it  is  i)rol)able  that  it  is  one  of  the  many  littoral  forms  which  at  times  are  found 
in  the  plankton,  and  that  it  had  l>een  carrit^l  otit  into  the  ]>lankton  by  the  action  of  the  wat<»r.  As 
it  was  never  seen  except  in  culture,  it  is  difficult  t<^  siiy  in  what  condition  it  exists  m  the  natural 
state,  whether  as  isolate<l  cells  or  in  large  cell  complexes.  It  is  probable  that  the  dissociated  form 
is  more  usual,  tis  the  large  cell  complexes  would  l)e  less  apt  to  l)e  overlooked. 

Chlorococcum  natans  Snow,  new  s]»ecies. 

The  cells  are  spherical  or  .slightly  ellipsoidal,  the  greatest  diameter  noticeil  being  13 //.  In 
appearance  they  resembh*  somewhat  ( 'hlomcoccuni  infiiHiinnnn  Menegh..  but  are  smaller  in  size, 
are  of  a  lighter,  more  tran.sparent  green,  and  the  contents,  in.stead  of  l)eing  granular,  are  mottled, 
due  to  thicker  and  thinner  places  in  the  chloroplast  (fig.  xi,  1). 

The  shape  of  the  chloroplast  is  a  hollow  sphere  through  which  is  a  circular  oi)ening.  On  the 
side  opposite  this  lies  a  p>Teuoid  with  a  starch  envelope.  The  membrane  is  of  cellulose.  In  the 
young  stages  there  is  a  single  nucleus,  but  shortly  before  reproduction  the  nucleus  divides  so  that, 
for  a  period,  the  cells  are  multinucleate. 
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If  the  material  1m»  cnltivated  in  a  2  i)er  cent  Knop's  solution,  almost  all  individuals  produce 
gonidia:  that  is,  the  contenti^  iM^come  divided  into  two,  four,  or  eight  portions,  as  if  to  produce 
zoospores,  and  these  divisions,  instead  of  bew)ining  liberated  as  zoosjiores,  l)ecome  invested  with  a 
membrane  and  germinate  while  still  within  the  mother  membrane.  These  in  turn  may  produce 
gonidia  before  tlu*y  l>e('<>me  lilierated.  so  that  two,  and  possibly  three,  generations  may  be  included 
within  a  single  cell  wall  (fig.  xi,  2).  When  cultivated  in  organic  solutions  and  in  0.4  per  cent 
Knop's  solution,  oblong  gonidia  are  formed,  but  the  enveloping  membrane  l)ecomes  gelatinous,  and 
the  alga  passes  into  a  palmella  condition  (fig.  xi,  \]). 

If  the  material  Ih>  transferred  from  a  nutritive  solution  to  water,  zoospores  are  formed.  If 
transferred  from  0.2  jK^r  cent  or  0. 1  jK'r  cent  Knop's  solution,  the  shape  of  the  zoospores  is  cylin- 
drical (fig.  XI,  4 ) .  They  meji-nun^  ().")  to  S  //  long  and  2..")  to  3.25  //  broad  and  they  move  with  a  rapid 
motion.  If  the  same  material  lie  tnmsferred  from  0.4  i)er  cent  Knop's  solution  to  organic  solution, 
the  zoospores  are  ovjil  (fig.  xi,  5).  7.8  to  10  //  long  and  r).2  to  ().5  //  broad,  somewhat  amoeboid 
in  nature,  and  they  move  with  a  slow,  lethargic  motion.  Apparently  they  are  the  c^Us  which,  if 
they  had  not  been  transferred,  would  have  produced  gonidia.  The  stru(*ture  in  both  cases  is  the 
same,  there  l>eing  a  concave  chloroplast  in  wliich  is  emlxnlded  a  pyrenoid  alxmt  equally  distant 
between  the  two  ends.  At  the  anterior  margin  of  the  chloroplast  is  a  red  pigment  Ri)ot.  There 
are  two  cilia  slightly  longer  than  the  cell,  and  at  the  l»jise  of  these,  two  pulsating  vacuoles.  The 
zoospores  become  liberate<l  by  the  mother  membnme  Ixicoming  gelatinous.  In  the  case  of  the 
smaller  cylindrical  ones,  as  they  expand,  the  enveloping  membrane  suddenly  gives  way  at  one 
point  and  the  .siM)res  are  liberated  either  in  mass  or  singly.  With  the  larger  oval  ones  the  process 
takes  pltMte  more  slowly.     They  arise  by  successive  diWsion  of  the  contents  of  a  cell  {hfj^.  xi,  7). 

Although  ther<>  is  a  difference  in  thi^  size  of  these  two  kinds  of  zoospores,  there  is  no  indication 
tliat  these  represented  distinct  macrozoospores  and  microzoosiH)res.  Apparently  the  larger  size  is 
more  of  an  abnormal  condition  of  the  z<.)osiK)res,  as  in  all  resi)ects  the  cylindrical  form  seemed  the 
more  natural. 

The  cells  in  the  palmella  contlition  and  also  the  large  zoost>ores  resemble  greatly  Chlamydo- 
monas,  but  the  absence  of  a  membnme  in  the  motile  form,  the  short  period  of  motion,  and  the 
mode  of  growth  of  the  alga  in  the  inorganic  solutions  all  showed  a  resemblance  to  Chlorococcum, 

Botrydiopsls  eriensis  Snow,  new  si)ecie8. 

The  younger  stages  of  this  sp(»cies  resemble  that  of  Botnjdiopsis  arhiza,  described  by  Borzi 
'95,  but  the  later  stages  differ  from  that  siHvies.  The  cells  are  spherical,  and  when  mature  have  a 
diameter  of  .18  to  21  //.  In  the  younger  st^g(»s  tht»  chromatophores  are  more  or  less  hexagonal 
disks,  and  are  closely  applied  to  the  membrane,  with  spm*es  lx»tween  them  (fig.  xii,  2,  8).  In  the 
older  stages  the  cliloroplasts  are  relativ«'ly  smaller,  more  elongated,  and  more  crowded  (fig.  xii,  1). 

The  meml)rane.  wliich  is  thin,  gives  the  charact^^ristic;  reaction  for  cellulose  with  iodine  and 
sulphuric  acid.  Within  the  cell  no  st^irch,  pyrenoid,  or  oil  is  present,  and  the  single  small  nucleus 
lies  near  the  center. 

The  repnKluction  (coincides  in  the  main  with  that  of  Hot  rydf opsin  tirhiza  Borzi,  usually  16  or  32 
zoospores  being  formed  witliin  a  c«01  (fig.  xii,  7).  The  successive  stages  of  their  formation  were 
not  observed,  but  it  is  ])r<d)able  that  they  aris»»  from  the  rei)eated  bijMirtition  of  the  contents  of  the 
cell,  as  in  other  species  of  Hotvud'ntpxis.  In  the  mode  of  liberation  of  the  z<x>si)ores  this  species 
deviates  from  Botvudiopsis  nrhiza  and  from  oth«T  known  forms  of  Botriftfufpsis,  where  the  asoo- 
spore  mass,  together  witli  th(?  inner  layer  of  the  enveloping  membrane,  escaiH*s  gradually  through 
a  small  oi)ening  in  the  outer  layer  of  tlie  membrane.  In  this  sixn'ies  the  whole  mass  remains  within 
the  outer  layer  until  both  layers  IwMome  gelatinous,  and  after  a  short  ix»riiKl  of  motion  within  the 
membrane  tlie  z<k)s pores  one  by  one  l)reak  through  the  membrane  and  es(*apt». 

The  z(X)8])ores  (tig.  xii.  5)  are  5.2  //  long,  2.5  to  il25  //  broad,  and  they  possess  all  of  the  char- 
acten.stics  of  Bntri/iliopsis  zoosjMjres.  They  are  very  aim elK)id,  changing  their  shape  constantly 
as  they  move.  Tw<»  (^longat4»d  chromatophores  are  pre.sent,  lying  cm  opposite  sides  of  the  cells. 
One  projects  fartli«T  toward  the  anterior  end  than  the  other,  and  at  the  anterior  extremity  of  this 
lies  the  pigment  spot.  A  single  fiagellum  is  present.  During  the  am<elx>id  movements,  when  the 
protoplasm  happens  to  project  at  the  anteri(^>r  end  bt^yond  t\w  chloroplast,  two  contractile  vacaoles 
may  l^e  8<;en,  but  they  are  discernible  only  under  these  conditions.     The  motion  of  the  zoospores 
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is  of  shurt  dura  tiou.  and  imme<liatcly  iixxm  coining  to  rest  they  ix*oome  spherical  in  shain.',  hnt  often 
retain  the  flagellnm  and  tlie  pii;niont  si>«)t  after  the  spherical  form  is  assnme<l.  The  giTinin  »tion 
takes  place  immediately  (fig.  xii.  <>).  the  cells  increasing  in  size,  and  th»-  two  chlon •i)lasts  lx*coni- 
ing  divide<l  into  4,  <^.  and  more  as  the  size  increases.  Very  often  in  «>ld  cnltnres  and  in  \igorons 
cultures  along  the  sides  of  the  culture  gla^s  at  the  surface  of  the  liijuid  the  z«Kwi>i»res.  instead  of 
l^eing  lilieratetl.  germinate  witliin  the  mother  m«-nibrane  and  n*niain  united  in  a  iiia^^s  long  after 
the  surrounding  membrane  disiipi)ears  «fig.  xii.  4  i.  B^-fon*  th«*y  an*  mature,  however,  they  sei)a- 
rate  and  have  the  same  ai>i>earance  as  cells  which  come  fr(»m  the  motile  >i»ort-s. 

Botrydiopsis  oleacea  Snow,  new  >]>e(ies. 

This  siHX'ies  was  first  found  in  a  culture  from  plankton  material,  bur  many  «-ell>  taken  to  l»e 
the  same  were  also  fonn<l  in  fresh  collections,  the  <listinguis]iing  charaeteristic  In-ing  a  large 
brownish-red  glolmle  near  the  center  of  each  cell,  which  as  yt-t  has  not  Iv-en  found  in  other 
plankton  algje.  The  cells  in  the  mature  stage  are  either  splierical.  ()vr>id,  or  lemon-shap-d ,  but  usu- 
ally become  more  rounded  in  later  stages  of  existence  (fig.  xiii.  1 ,  2).  The  ovoid  or  lemon-shaix-d 
cells  were  most  often  noted  when  the  cells  had  attained  alxmt  two-thirds  their  natural  size,  the 
latter  shai)e  l)eing  conspicuous  on  account  of  the  wart-like  pr«».iei'tion  on  .m*^  <»r  lK*th  ends  of  the 
cell  (fig.  XIU.  .'i.  4).  The  cause  of  the>e  excresiences  was  not  det^*rmine«l.  Tli»  y  o(rTirre<l  on  sc^ne 
but  not  on  all  cells  of  the  same  culture.  The  largest  cells  were  broadly  ellii»s(»idal.  or  almost 
spherical,  and  Vi.'t  n  in  diameter. 

For  s<:>me  months  after  this  form  was  plact^l  in  culture  it  was  regard^^l  as  a  ('hlorori/irum.  h) 
nearly  did  the  general  ajiiMiarance  agree  ^^-ith  the  characteristics  of  that  g»*nus.  the  only  striking 
differences  Ix'ing  the  .shai)e,  the  al>st»nce  of  the  ]»yrenoid.  an<l  the  presence  of  the  hirge  re<l  glolmle 
near  the  center.  On  account  of  the  very  granular  ai)i)earance  of  the  cell,  due  to  small  globub  s  (»f 
oil,  the  chloroi>hyll  was  thought  to  be  in  a  single  chlor«)pla>t.  as  in  C/ilnnn-nrcitni.  and  the  preseiur 
of  nninennis  small  chloroplasts  characteristic  for /io/z-y/Z/oy/.s/.s- was  not  ><uspect<*<l  until  the  entir.- 
development  was  traced.  Different  phases  of  reproduction,  however,  showed  sucli  a  resemblan<e 
to  Hnt rtf«tinjts is  that  the  chloro])lasts  were  again  exainined.  In  .si>me  y»>uTig  cells  it  was  evi«leiiT 
that  there  were  several  instead  of  one  in  each,  though  these  were  not  distinguishable  iu  matr.re 
cells  further  than  that  certain  areas  >eemed  sliichtlv  <larker  than  others.  ^laiiv  mature  i  -U^ 
api>eare<l  almost  black,  so  fille<l  were  they  with  the  minut*-  gli»bul»s  of  oil.  Thi-  oil  lH«ame  di^- 
solved  in  absolute  alcohol.  Io(line  with  suljihuric  acid  showed  tin*  m«inbraTi«'  t«)  ]•••  nf  c»llulo<e. 
and  luematoxylin  broTight  to  view  th«'  single  small  nucleus  a  little  to  mtii-  side  «.f  the  center. 

The  red  globule  which  was  always  presen*^  was  at  first  taken  to  be  a  particle  of  red-<'olnre<l 
oil.  but,  on  account  of  the  <nlor.  the  ordinary  t»--t<  c»)uld  not  1h*  use«l  satisfa<-torily.  WhiMi 
al>solute  alc<)hol  was  added  the  glolnile  di>ii])iK'are<l.  Its  iM)sition  is  apjjarently  underneath  the 
layer  of  chlorojdasts.  It  was  notici-d  that  in  the  formation  of  the  zoospores  the  globule  did  not 
IxH'ome  <li\ided.  but  remained  in  th«' center  thnaighont  the  wh<»l»-  process,  though  it  aj»parently 
grew  somewhat  smaller  as  the  pr<K-ess  coTitinue<l.  When  the  z«M»s|M)re-i  were  liberat*'d  it  wa>  cast 
out  with  them  and  had  no  further  conm^-tion  with  the  organism.  This  suggested  the  a]»iM'arance 
descrilM^l  by  Klebs  '  "iMii .  in  his  work  on  Prntnsiphtm  and  Ilnflmilirt f/'m .  where  tlie  cell  sap  <lid 
not  enter  into  the  pnK-ess  of  z«M)spore  formation  and  was  cast  out  in  the  >anie  way  when  thev*- 
were  liberate<l.  The  same  phenomenon  has  also  l>een  noted  by  the  author  in  an  undcscrilMil 
sjiecies  of  Bot  rift  Hops  is. 

The  zoos]^H)res.  of  which  '2.  4.  n,  1(>.  or  more  are  formed  in  a  cell,  arise  through  the  rejK'ated  di\i- 
sionof  the  entirt»cell  contents.  excei>t  the  red  globule,  until  the  final  numlM/r  <»f  z<K»s|M.res  is  reached 
(fig.  XIII,  .■).  0.  T>.  The  z«H»si)ores  are  charact'-ristic  for  linfrfflinpsis.  h  i\ing  but  a  singh*  cilium 
and  l>eing  very  annel)oid  in  their  motion  ( fig.  xiii.  ** ).  Th«niirh  their  shape  is  constantly  changing, 
the  genenil  form  is  pear-shai)ed.  broadly  rounded  at  their  i)o.sterior  end.  and  tap/ring  toward  th«* 
ciliuiu.  In  length  they  vary  from  •')  to  T.><  //  and  in  breadth  from  :>  to*»  u  at  their  bruidest  extrem- 
ity. As  in  the  mature  cells  so  in  tin*  zoosi>ores  the  chloroplasts  are  olxcure*!  by  oil.  In  the  anterior 
end.  just  at  the  Ixis^'  of  the  flagellum.  is  a  very  refractive  dull  red  spot.  Init  it  could  not  Iwi  deter- 
mineil  whether  this  was  the  ordinary  pigment  s]>ot  of  the  zoo>iM»re  or  the  In^ginningof  the  r -d 
globule  found  in  the  older  cells.  The  Z4>osiH>n'S  are  active  and  s<'ek  the  light.  <  )n  coming  to  rest 
they  Ixfcome  rounded  and  the  chloropla.sts  In-conn?  more  distinct  than  at  any  other  stage  of  their 
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existence.  In  some  cases  two  chloroplasts  are  distinguishable  in  very  young  cells  (fig.  xiii,  9). 
In  the  liberation  of  the  zoo8i>ores  the  membrane  becomes  to  a  certain  extent  dissolved,  then  the 
zoospores  by  their  motion  gradually  expand  the  cell  until  finally  the  wall  gives  way  and  the  spores 
escape.    The  time  required  for  this  process  varies  from  1  to  30  minutes. 

When  the  nourishment  of  the  mediimi  in  which  the  organism  grows  becomes  exhausted ,  the  cells 
jmss  into  a  resting  stage  (fig.  xiii,  10,  11),  the  contents  assume  a  yellow  color,  and  the  membrane 
becomes  thick.  The  red  globule  still  remains  prominent.  In  this  condition  the  alga  can  withstand 
being  dried,  but  it  quickly  changes  to  the  vegetative  form  when  fresh  nutritive  solution  is  added. 
It  was  cultivated  under  many  different  conditions,  but  it  was  constant  in  all. 

Cblorospheera  lacustris  Snow,  new  sx>ecies. 

ChloroHphwra  lacuatrh  resembles  somewhat  the  C1iloro«ph(era  angxdosa  Klebs,  but  is  distin- 
guished from  it  ill  a  number  of  details,  the  principal  one  being  the  size,  the  largest  cells  of  this 
species  measuring  9  t<)  10.5  //,  while  those  of  ChlorospluBra  angulosa  measure  from  15  to  30 ;/. 

The  shape  of  the  single  cell  of  ChloroapJuera  lacustris  is  either  spherical,  oval,  or  ellipsoidal 
(fig.  XIV,  1 ) .  As  in  other  species  of  Chloro8i)h(iera ,  a  vegetative  division  of  the  cells  occurs  in  three 
directions  of  space,  involving  both  contents  and  membrane,  after  which  the  cells  usually  remain 
connected,  forming  complexes  of  two,  four,  eight,  or  more  cells  (fig.  xiv,  2,  3).  In  time  these 
complexes  may  fall  apart  and  the  cells  become  spherical,  as  before  division. 

The  membrane  is  thin  and  is  composed  of  cellulose,  as  the  test  with  iodine  and  sulphuric  acid 
shows.  The  chloroplast  lies  dose  to  the  membrane  and  is  of  the  same  shape  as  the  membrane, 
though  relatively  much  thicker.  No  opening  through  the  chloroplast  could  with  certainty  be 
detected,  though  a  lighter  area  at  one  side  was  prominent.  Surromided  by  the  chloroplast  is  a 
pyrenoid  with  a  starch  envelope. 

The  zoosi)ores  are  6.5  to  9  //  long  and  2.6  to  4  /i  broad;  they  are  slightly  broader  at  the  posterior 
end  than  at  the  anterior  (fig.  xiv,  4 ) .  Two  cilia  about  as  long  as  the  cell  are  present;  also  a  pigment 
spot.  The  chloroplast  is  concave  and  extends  nearly  to  the  anterior  end.  Two  pulsating  vacuoles 
are  found  just  back  of  the  cilia,  and  a  pyrtJiioid  is  embe<lded  in  the  chloroplast.  Four,  eight,  or 
more zoosjwres  are  formed  from  a  cell  ( fi^-  xiv,  7) .  They  are  lil)erated  by  the  membrane  becoming 
gelatinous  at  one  i)oint,  through  which  first  (me  or  two  gradually  force  their  way.  The  others 
follow  in  (juick  succession,  leaving  the  empty  membrane  behind.  On  coming  to  rest  the  zoospore 
assumes  at  once  a  spherical  form  (fig.  xiv,  5)  and  develops  into  a  mature  cell.  In  this  respect  it 
differs  from  Chlovosphferu  amjnlosa  Klelw,  as  in  that  species  the  zoosjwres  retain  for  some  time 
the  elongated  form.    They  originate  by  the  successive  bipartition  of  the  cell  contents  (fig.  xiv,  6). 

Though  lx)th  forms  of  reproduction,  the  vegetative  division  and  the  production  of  zoospores, 
were  found  in  all  cultures,  it  seemed  to  reprcKluce  mainly  by  means  of  zoospores.  Knop's  solution 
of  0.2  per  cent  concentration  seemed  to  l)e  the  most  favorable  medium  for  development  and  was 
used  in  tracing  the  life  history.  In  this  solution  the  zoosi)ores  were  formed  very  rapidly,  and 
when  transferred  to  distilled  water  they  were  produced  in  a  much  shorter  time  than  is  usually 
required  for  the  proiluction  of  zoo8ix)res  in  uni(;ellular  algae. 

Chlorospheera  parvula  Snow,  new  si)ecies. 

The  present  species  reseml)les  somewhat  the  preceding  species,  though,  aside  from  l>eing 
smaller,  it  is  easily  distinguished  from  it  by  the  gelatinous  nature  of  the  membrane  after  division, 
causing  the  cells  to  separate  slightly,  though  held  in  complexes  of  2,  4,  or  H  cells  (fig.  xv.  1,2). 
The  two  siKX'ies  might  also  be  distinguishetl  by  their  zoosi)ores,  those  of  the  preceding  si)ecies 
being  more  oval  or  ellipsoidal  than  thost^  of  this  species.  The  minute  i)oints  of  structure  of  the 
mature  cell,  however,  the  chloroplast,  the  composition  of  the  membrane,  and  the  contents  of  the  cell, 
are  the  same  in  this  si)ecies  as  in  ChloroHp/uera  lacnstris.  The  diameter  of  the  full-grown  cell 
is  7.8  to  9  //.  The  zoosi)ores  (fig.  xv,  3),  of  which  four  are  usually  formed  in  a  cell,  are  oval  or 
spherical;  when  oval  they  measure  6.5  //  long  and  4.5  to  5  //  broad  and  the  spherical  ones  5  to  6 //  in 
diameter.  They  have  an  obliquely  placed  concave  chloroplast,  a  i>igment  sjiot,  two  cilia  about 
1 1  times  the  lengtli  of  the  cell,  and  two  contractile  vacuoles.  The  zoospores  are  formed  in  the 
usual  manner,  by  successive  divisions  of  the  cell  contents,  and  are  liberated  by  the  gradual  soften- 
ing of  the  membrane. 
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Mesocarpus  sp. 

This  small  si)ecies  of  MtsfK'arpu^s  was  found  so  often  in  the  plankton  that  it  might  almost  be 
called  a  plankt(^)n  species.  At  first  it  could  not  Ije  recognizeil  as  Mesoi-arjmity  for  osnally  the 
chlorophyl  was  greatly  reduced  and  was  collected  in  a  very  small  space  at  the  center  of  each  cell 
(tig.  XVI.  2) ,  and  it  was  only  after  the  form  was  placed  in  culture  that  it  was  recognized  as  belong- 
ing to  that  genus  (fig.  xvi.  1 ).  As  the  zygospores  were  never  found,  the  8i>ecies  could  not  be 
determined  with  certainty.  By  means  of  cultures  "  in  a  large  numl>er  of  me<lia  it  was  determined 
that  the  chlorophyl  collects  under  any  circum.stances  that  are  not  favorable,  such  as  in  too  weak  or 
or  to<i  strong  culture  media  ( 1  ix'r  cent  or  <).0."»  j)er  cent  Knop's  solution),  or  in  me<lia  that  are  not 
adapted  to  the  plant,  as  well  as  in  old  cultures  when  the  nutrition  has  l^ecome  exhausted.  It 
would  appear,  then,  tliat  when  this  form  <x'curre<l  in  the  oi>en  lake,  the  nutrition  was  not  quali- 
tatively or  quantitatively  favorable  to  its  most  vigorous  condition,  though  adeiinate  to  maintain 
its  existence  and  even  growth. 

CoBlospheeriiLm  roseum  Snow,  new  si)ecies. 

Several  forms  of  C<eloHif1i(prinm  are  almost  universally  found  in  the  plankton  during  the 
summer  months.  Some  of  them  are  ea.sily  recognized,  while  others  are  of  doubtful  name,  and  the 
difficulty  of  cultivation  makes  the  classification  more  difficult.  One  of  those  most  commonly 
found  is  the  form  shown  in  fig.  xvii,  1.  The  colonies  are  :>4  to  .V2  //  in  diameter;  the  cells  measure 
3.25  to  4  //  in  diameter,  are  spherical,  pinkish  or  brownish  in  color,  and  are  closely  arranged  or  some- 
what 8c-attere<l  over  the  surface  of  the  gelatinous  sphere.  Indigo  solution  shows  the  presence  of  a 
gelatinous  covering  to  the  colony,  var>*ing  in  thickness  according  to  conditions.  On  agar  cultures 
this  covering  assumed  a  diameter  almost  ec^ual  to  that  of  the  colony. 

If  the  cells  are  closely  arrangeil,  and  if  the  focus  of  the  microscope  is  on  the  surface  of  the 
sphere. the  colony  apj)ears  as  a  typical  Otlosjfhfpriutn  where  the  gelatinous  sphere  is  homogeneous 
(fig.  XVII,  \  (I),  but  if  the  cells  are  less  closely  arrange<l  and  the  focus  is  at  center  the  gelatinous 
portion  may  l>e  seen  not  to  l)e  homogeneous,  but  to  consist  of  a  system  of  dichotomous  gelatinous 
branches  radiating  from  a  common  center,  lieariug  the  cells  on  their  terminal  divisions  (fig.  xvii, 
1  ^).asin  Dicfi/nsphfirinm.  Between  these  branches  lies  gelatinous  sul^stance  continuous  with 
that  surrounding  the  colony.  The  line  of  demarkatiou  l^tween  this  substance  and  the  branches  is 
more  or  less  di.stinct .  according  to  conditions.  In  some  cases  it  is  hardly  distinguishable,  while 
in  others  it  is  shari>ly  defined. 

As  a  solution  from  a  (quantity  (»f  AmilMVna  Jlns-mimp  was  the  only  one  in  which  vigorous 
cultures  could  be  obtained,  the  alga  coiild  not  Ix^  subjectecl  to  a  ver>'  great  variety  of  conditions, 
and  yet  simply  transferring  from  the  lake  water  to  this  solution  i)roduce<l  some  change.  Always 
in  cultures  the  cells  l^ecame  more  closely  arranged,  the  branches  became  indistinct,  and  in  many 
cases,  apparently  when  the  conditions  were  less  favorable  than  in  the  lake,  the  color  changed  from 
a  pink  to  a  brown,  though  if  the  concentration  of  the  solution  were  right  the  pink  color  was 
maintained.  Apparently  the  distinctness  of  the  branches  is  controlled  somewhat  by  the  density 
of  the  surrounding  me<lium — the  deiLser  the  mediiuu  the  denser  the  surrounding  substance,  and, 
conse<iuently.  the  less  conspicuous  the  branches.  Distilled  water  .seems  to  l»e  a  solvent  of  this 
substance  and  the  cells  l>e<.'ome  <letaclitHl  entirely  fr<»m  the  colony.  The  rei>r«  Klui-tion  of  this  species 
is  typical  in  all  resi>ects  for  Ctvlosjiluirhnn  as  descril)ed  by  Naegeli.  If  the  cells  iKM'ome  detached 
from  the  stalks,  then  divi.Mon  m-curs  once  in  three  directions  of  s^wice,  and  afterwanls  only  in  two 
direi'tions,  Inith  at  right  angles  to  the  surface  of  the  sphere.  As  no  very  small  colonies  were  found 
in  the  plankton,  however,  it  is  proljiible  that  in  nature  repnxluction  usually  <K_'curs  by  the  division 
of  the  entire  colony  into  two,  rather  than  that  new  ccjlonies  originate  from  the  sei)arated  cells. 

Both  forms  mentioned — the  pink,  with  the  ^^.sible  gelatinous  branches,  and  the  brown,  where 
the  gelatin<nis  branches  are  not  \isible — were  at  times  found  in  the  plankton,  but  their  identity  is 
eWdent.  A  numl>er  of  others  differing  slightly  from  either  of  these  were  found  which  possibly 
mav  have  Ijeen  connecte<l  with  tlies*',  but  as  neither  could  lie  made  to  a,ssume  the  characteristics 
of  the  other  artificially,  their  identity  as  yet  can  not  l)e  a.ssuin€Ml.  In  one  case  all  traces  of  the 
enveloping  gelatinous  substance  were  wanting,  and  the  cells,  Ixjme  on  what  seeme^l  to  lie  perfectly 
free  gelatinous  stalks,  were  move<l  about  freely  by  the  action  of  the  water  (fig.  xvii.  2).     Other 


('  Thesse  cultures  were  continued  for  »ome  weeks  by  Miss  Anna  L.  Rhodes,  as  well  as  by  the  writer. 
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ff»nns  wort'  foiiinl  with  conical  or  oval  cells,  which  uiKhmbtHlly  were  the  (rinuphosjthtvrfn  lantsfriH 
of  Ch<xlat,  '*.>S.  and  ])ossihly  the  Cn'lnsphivrimn  muytUnimm  as  fi«^tire<.l  by  Bt^rge.  "(M). 

The  resemblance  of  the  fonu  (lescril)e(l.  as  wi'll  as  of  thestf  other  forms,  to  certain  siH'cies  of 
(TOiuphosj)Inr)i(i,  such  as  (rnmjthosphtvrni  ittcfistris  C'ho<lat.  is  fully  recoj^niztnl  by  th*? author,  but 
a  study  of  the  well-known  ihtmpltnHplKvrhi  nfionimt  Kiitz.  and  of  the  well-recojj:nize«l  species  of 
Cfflnspha'riuni  has  caused  the  writer  to  i)lace  it  under  th«'  genus  <  'fi*i(fsphivrinin  rather  tlian  (iom- 
jthosjthit'riti.  From  a  study  of  the  true  (iomjthitsphtrn'ti  each  cell,  instead  of  simply  resting  at  the 
extremity  of  the  stalk,  stvms  to  lie  in  a  capsule  of  the  same  substance  as  the  stalk  and  continuous 
with  it,  as  has  Imm'U  figured  by  S<*hmidle  { "01  \.  Tin*  outer  Iwmndary  of  this  capsule  is  sharply  out- 
lined about  each  individual  cell,  an  aiipearancc  which  has  not  lH*en  nottsl  in  any  of  these  other  forms. 
Further.it  would  s;eni  that  all  Cttlnspharhnii  sjm vies,  although  tlie  ci'ntnil  gelatinous  sphere 
app*»ars  homtjgeneous.  really  have  at  the  center  the  dichotomously  branched  framework  of  denser 
gelatinous  material.  If  a  colony  of  Cnlottithnrinni  h'ufzimjhnkiim  Naeg.  Ix'  crushe<l  under  a  cover 
glass,  it  will  first  <livide  into  two,  then  into  four,  and  then  into  eight  e([ual  jKirts,  each  Un'oming 
spherical  immediat I 'ly.  just  as  would  (K'cur  if  left  t  >  take  its  normal  courst-.  whereas  if  it  were 
l)erfectly  honu)gene  mis  th»»  mass  wo;ild  crush  with  >ut  any  systi'm.  In  all  c;isi»s  of  multiplication 
where  the  colony  b«H-onn*s  divided  into  twi».  evid-ntly  tlie  two  bmnches  of  the  first  dichotomous 
di\*ision  at  the  center  bi'come  detached  from«'a<'li  other,  and  the  two  halves,  unable  to  hold  together 
by  the  less  dense  gelatinous  stibstance.  are  set  i\\^\ 

Chroococcus  purpurous  Snow,  new  sj^ecies. 

The  cells  are  spherical,  or.  just  bffi»re  division,  somewhat  elongated,  usually  arraugtnl  two  by 
two  in  colonies  of  four  or  eight,  all  c* 'lis  of  which  are  move  or  l»*ss  sejttirated  from  eiwh  other 
ac4*ording  to  age.  and  held  in  i)la<'e  by  an  t?nveh»])ing  gelatinous  substance.  The  diameter  »»f  the 
cells  is  i;j  //:  the  ini*mbrane  is  thin.     Th«' color  in  the  natural  condition  is  grayish  jMiqde  (fig.  xviu). 

This  HiMH'ies  is  distinguish! 'd  from  the  ilinun'tu'riis  mnlftrnhtnitifs  \V(mh1  in  l)eing  largi-r.  the 
cells  mt»re  l(M)sely  ass<K'iate<l  into  colonies,  and  in  ]H»ss<'ssing  a  more  d«H*ided  pui*]>l(*  color.  When 
it  was  first  noted  in  the  plankton  it  was  thought  it  might  be  a  ('hnxK'nrrns  Hmurtirns  Lennn.. 
which  is  so  abundant  in  th»'  ])lankton  an<l  whirh  differs  fnuii  it  only  in  c<»lor.  that  l)eing  a  blue- 
green,  while  this  is  a  jmrple.  Though  the  two  sjM'cirs  «-oul<l  not  1h*  maintained  in  artificial  cultun' 
for  obs<»rvation  during  any  extended  iK-'riixl  of  tim«',  still,  in  an  t»rg{mic  solution  ( '.  pnrjnirms  wjis 
kept  in  a  healthy  conditii>n  for  a  nunilMT  of  weeks.  <luring  which  another  culture  of  (^hrtHn^Hyns 
liiniif'tiviis,  under  identical  conditions,  was  kept  f«  >r  comiiarison.  This  was  long  enough  to  convince 
one  that  the  two  forms  were  not  th<'  siime  and  that  the  ]>urple  did  not  change  into  the  blm»-green. 
B4>th  this  and  Chnuirnn'UH  liinnetirnH.  howevt.T.  did  vary  their  hur  somewhat,  iwcording  to  condi- 
tions, lx)t.h  taking  on  a  much  darker  slnule  of  their  res|H.M-tive  colors  as  the  concentration  of  the 
organic  sulwtances  in  the  culture  medium  was  increasiHl.  In  ohl  solutions  lK)th  lH'<-ame  i»aler,  the 
ptiri>lt--  fonn  assuming  something  of  a  brown  tinge  and  the  blu«'-green  a  yellowish  gray.  Under  no 
conditions,  while  in  a  healthy  state,  did  the  two  alga'  assume  thi*  stinn*  ai)[M'arance.  In  lK)th  s[K*cies, 
however,  when  cells  lost  their  vitality,  tin*  contents  <'ontra<*ted.  tht?  outline  of  the  enveloping  gelat- 
inous substance  Krame  sharply  outlin^'d.  and  the  color  Inn-anH' a  dt'cp  blue-gnvn  (fig.  Win.  u). 
In  this  <'ondition  they  could  not  jHThaps  1h'  distinguished.  \Vlu>le  <"lusters  of  tht?m  wen'  found  in 
the  plankton,  and  until  thisjihase  of  these  two  fonns  was  note<l  they  wen'  .supiMKsed  to  l»e  a  »|)ei:ii's 
of  Cr/teoct/jwf/.  but  were  prolwibly  only  pathological  stages  of  one  of  these  siK?cies. 

DESCKIPTIOXS  OF  XEW  SPECIES. 

Chlamydomonas  gracilis  Snow,  new  species  (fig.  i). 

Cells  cylindrical,  rarely  oval  or  si>hencal.  10.5  to  1:5  //  long.  ■"»  to  Vt.'t  //  broad,  color  a  dull  bluish 
green:  cilia  '2.  alxnit  I  il  times  as  li^ng  as  the  cell:  pigment  siM>t  a  <lull  re<l  di.sk.  oftiMi  «'(pially  distHnt 
from  the  two  ends:  ])yrenoid  at  the  extremt^  iM)st4'rior  end.  (rametes  (?)  oval  in  shaiK'  and  some- 
what smaller  than  the  vegetative  individual .     L^K:ality.  plankton  of  Lake  Erie. 

ChlamydomonaB  communis  Snow,  new  8i>ecies  (fig.  in. 

Shai»e,  ovoid,  cylindrical  or  I'llijisoidal.  lo.")  to  i:j  //  long,  (*»..")  t4»  s  //  brojid:  color  a  light  yellowisli 
green,  the  pyrenoid  near  tht»  center:  pigment  s^xtt  an  inconspicuous  red  nnl:  cilia  *3,  slightly  longer 
than  the  cell:  division  longitudinal.    Locality,  plankton  of  Lake  Erie. 
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Chlamydomonas  globosa  Snow,  new  species  (fig.  in). 

Cells  spherical  or  slightly  ellipsoiflal.  5.2  to  7.S  //  in  diameter;  membrane  smooth  at  anterior 
end:  two  flagella  as  long  or  slightly  longer  than  the  cell:  pigment  spot  small  and  inconspicuous: 
chloroplast  much  thickene<l  at  the  i)osteriorend:  p\Tenoid  present:  a  imlsating  vacuole  at  anterior 
end.     Gametes  not  found.     Locality,  plankton  of  Lake  Erie. 

Fusola  viridis  Snow,  new  genus  and  new  si)ecies  (fig.  vi). 

Cells  fusiform  or  slightly  sigmoid.  27  to  29  //  long  and  6..")  to  21  //  broad,  each  cell  surrounded 
by  a  thick,  homogenwius.  gelatinous  envelope,  the  outer  line  of  demarcation  being  prominent; 
color  a  bright  green.  The  chloroplast  occupies  most  of  the  cell  except  for  a  small  spherical  cavity 
near  the  center,  in  which  lies  the  nucleus;  a  pj-renoid  is  present.  Reproduction  by  means  of  divi- 
sion of  the  contents  into  two.  the  halves  gradually  assuming  the  .shape  of  the  mother  cell,  during 
which  process  the  enveloping  membrane  l)ecomes  obli(juely  ruptured.  Membrane  of  celluloee. 
Large  masses  of  cells  may  be  formed  in  the  presence  of  a  great  amount  of  nutritive  substance. 
Locality,  a  pond  (m  Middle  Bass  Island.  Lake  Erie. 

Chodatella  citriformis  Snow,  new  si)ecies  (tig.  viii). 

Cells  ellipsoidal  with  an  obtuse  projection  at  either  end:  length  13  to  23  //.  breadth  8  to  20  /i; 
spines  slender,  forming  whorls  at  the  l)a.ses  of  the  i)rojections.  Chloroplast  single,  parietal,  lying 
lengthwise  of  the  cell.  RepnKluctiou  by  division  of  the  contents  of  the  parent  cell  into  4  or  8, 
each  part  becoming  investeil  with  a  membrane  and  thus  forming  a  complete  individual.  Found 
in  surface  and  deep  tow  of  Lake  Erie. 

Pleurococciis  aquaticus  Snow,  new  si)ecies  (fig.  x). 

Cells  4  to  7  //  in  diameter,  existing  either  as  spherical  or  ellipsoidal  individual  ceUs,  or  as  some- 
what angle<l  cells  combined  into  large  cubical  or  irregular  masses.  Membrane  thin,  chloroplast 
concave,  with  an  opening  at  one  .side:  no  p\Tenoid.  Repro^luction  by  di\i.si(m  of  membrane  and 
contents  alternating  in  three  directions  of  si)ace.     L<Kality,  the  plankton  of  Lake  Erie. 

Chlorococcmn  natans  Snow,  new  si>eiies  (tig.  xi). 

Cells  spherical  or  slightly  elongated,  not  exceeding  13  //  in  diameter.  Membrane  of  cellulose; 
chloroplast  concave,  of  the  shai>e  of  the  cell,  with  a  circular  opening  at  one  side:  nucleus  single  in 
young  indiNnduals.  but  just  l)efore  reproduction  <»f  the  same  nunil)er  as  the  zoospores.  In  2  per 
cent  Knop's  solution  the  organism  often  forms  gonidia.  wliile  in  weak  organic  s<:>lution  it  passes 
into  a  iMilmella  condition  in  whicli  the  cells  are  oljlong.  Z<K)spores  0..")  to  H  ^  long.  2.5  to  3.25 /i 
broad,  with  two  flagella,  a  concave  chloroplast.  a  p\Tenoid,  a  pigment  spot,  and  two  pulsating 
vacuoles.     Locality,  plankton  of  Lake  Erie. 

Botrydiopsis  eriensis  Snow,  new  si)ecies  (fig.  xii). 

CelLs  spherical.  18  to  21  //  in  diameter:  the  chloropla.sts  in  mature  cells  elongated  and  irregu- 
larly arrange<l.  in  young  cells  api)earing  as  hexagonal  disks  closely  applied  to  the  membrane. 
Zoospores  2.5  //  long.  2.5  to  3.25  //  broa<l,  with  two  chloroplasts.  a  single  flagellum.  a  pigment  spot, 
and  two  contracting  vacuoles.  Usually  16  zoosjK>res  formed  in  a  cell:  when  liberated  the  inner 
layer  of  the  mother  membrane  emerges  with  the  zoospores  from  the  outer  layer.  Locality, 
])lankton  of  Lake  Erie. 

Botrydiopsis  oleacoa  Snow,  new  sj)ecies  (fig.  xiii). 

CelLs  .spherical,  ellips^iidal  or  lemon-shape<l.  not  exceefling  10  //  in  diameter,  containing  numer- 
ous minute  x>articles  of  oil  which  ol»scure  the  outline  of  the  chlorojilasts:  near  the  center  a  large, 
pn^minent,  dull-red  globule:  membrane  of  cellulose.  Zoospores  pear-shaped.  2,  4,  8,  or  16  in 
number,  formed  from  repeated  bipartition  of  the  cell  contents,  excepting  the  red  globule;  size  of 
zoospores  5  to  7,  8  //  by  3  to  5  //:  character  amcelxnd:  flagellum  single  at  smaller  end;  pigment  spot 
present:  chloroplasts  obscured  by  oil.  two  of  them  discernible  in  germinating  cells.  Zoospores 
lil)erate<l  by  the  softening  of  the  entire  enveloping  membrane.  Under  unfavorable  conditions  a 
resting  stage  is  assumed,  the  membrane  l)ecomes  thick,  and  the  contents  assume  a  yellow  color. 
Locality,  the  plankton  of  Lake  Erie. 
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Chlorosphsera  lacustris  Snow,  now  si>e<-i(*H  (fi^.  xiv). 

Iiidividnal  cells  0  to  10.5  //  in  diameter,  Hpbericiil  or  ellipsoidal.  nsTially  in  complexoH  of  2.4.S, 
or  more,  fonnod  hy  vegetative  division,  including  membrane  and  contentH*.  chloroplast  concave: 
pyrenoid  present;  membrane  thin,  of  cellnlose.  Z<K)sp)res  <).5  to  \)  n  long,  and  2.()  tn  4  //  broad, 
oval,  larger  at  the  posterior  end:  two  cilia  present,  a  pyrenoid,  a  pigment  spot,  and  *J  contractile 
vacuoles:  4  to  H  zoosi)ores  form«Hl  in  a  cell.  li])erate<l  l>y  the  softening  of  the  membrane  at  one  i>oint. 
Locality,  the  plankton  of  Lake  Erie. 

Chlorosphsera  parvula  Snow,  new  siiecies  (fig.  xv). 

Ctdls  usually  in  complexes  of  4  or  H.  more  or  less  separate<l  from  each  other  ])y  the  jwirtinl  dis- 
solution of  the  membrane.  Diameter  of  (*ells  7.S  to  9  .//:  chromatophore  concave,  with  a  circular 
opening  near  the  newest  i)ortion  of  the  membrane.  Pyrenoid  x>resent:  membrane  of  cellulose: 
zoospores  oval  or  round,  5  to  ft  u  in  diameter.  4  forme<l  in  eiu'h  cell,  liberated  by  the  softening  of 
the  entirt*  membrane.     Locality,  the  plankton  of  Lake  Erie. 

CcdlosphsBrium  roseum  Snow,  new  8i)t»cies  (fig.  xvii). 

Colony  IJr»  to  52  //  in  diameter:  cells  si)h(?rical,  pinkish  or  brown,  .'J. 25  to  4  //  in  diameter,  arranged 
more  or  less  closely  over  the  surface  of  the  gelatinous  center:  the  gelatinous  center  not  homogeue- 
otis,  but  containing  a  system  of  dichotomously  branchwl  gelatinous  stalks,  on  the  ends  of  which  are 
lx>me  the  cells:  in  the  s]>aces  l)etween  the  gelatinous  branches  and  surrounding  the  whole  is  a  less 
dense  gelatinous  sTibstance.     Common  in  tlu?  plankt^ni  of  Lake  Erie.     . 

Chroococcus  purpureus  Snow,  new  siM'cies  (fig.  xviii). 

Cells  s])herical,  or  just  liefore  division  elongated,  usually  arranged  2  by  2  in  colonies  of  4  or  S, 
separate<l  from  eiu^h  other  and  h<'ld  in  phu*e  by  an  enveloping  gelatiin^us  suljst^in***^:  color  a  gray- 
ish purine,  < 'hanging  t^>  brown  under  unfavorable  Ci)nditions.  Cells  when  dj-ing  jussume  a  dark 
blue-green,  and  the  gelatinous  enveloije  is  shar])ly  outlined.     ( 'ommon  in  tht»  i>lankton  of  Laki*  Erie. 

LIST  OF  PLANTS  DETERMINED  IN  LAKE  ERIE. 

In  the  following  list  no  a(*count  is  tak(Mi  of  tlio  numbor  of  individuals  found,  or 
of  the  ndaiivo  nunibor  found  during  thiMlifToront  yoars,  as  no  accural o  (luanti tat ivo 
work  was  dono  by  tlio  writiM-;  but,  had  such  a  study  Ik'ou  made,  it  is  probable  that 
interesting  results  would  have  been  obtained.  For  instaiuM*,  during  the  summer  of 
1808  Kirchnerielht  ohcsn  (West)  Schmidh*  was  one  of  the  most  eomnum  of  all  the 
Chlorophyced'  found  in  the  plankton,  whib»  in  1><1>H  it  was  found  but  a  very  few 
times,  and  in  P.KM)  only  oeeasionally.  During  its  ab.s(Miee  in  IsOli  its  plaee  seemed 
to  be  taken  by  Oorysfis  honjt^i,  whieh  the  pn»ee<ling  year  had  not  Immmi  notc^d  at  all, 
and  the  next  season  was  found  oidy  in  very  small  quantities.  An  equal  variation 
was  noted  in  the  oeeurrenee  of  <litTerent  forms  from  we(»k  to  we(»k  during  each  year. 
Certain  forms,  sueh  as  Annlnvna  Jl(fs-a(/H(V,  appeared  in  ((uantities  for  a  few  days 
and  then  disappeared  almost  altogether.  'IMn»  number  of  diatoms  also  varied  very 
largely  at  different  times.  An  explanation  of  such  variations  would  undoubt4>dly 
involve  a  more  aec* urate  knowlcMlgc  than  we  now  have  of  the  composition  of  the 
water,  as  w<dl  perhaps  as  of  otluM*  elements  in  the  environment. 

In  the  C()lleeti(ms  of  the  plankton  nuuu^rous  fragments  of  filamentous  algje — 
Spirocjijrn^  Zuijtiniin ^  Mesomrjtn.s^  (Kdotjounim^  and  nftlhorlnvff^ — were  often  found, 
but  as  no  stages  of  n^production  w(M'e  ])res(Mit  they  could  not  be  determined,  and  so, 
except  in  a  few  cas(»s,  no  mention  is  made  of  tluMu. 

The  sjMMMes  that  are  not  starn^l  w(»re  taken  from  the  plankton.  'I'liose  marked 
with  one  star  were  found  in  washings  of  stones  and  of  plants  growing  in  the  lake. 
Those  marked  with  two  stars  were  found  in  T.emna  INmd,  South  I5ass  Island,  and 
those  marked  with  thn^e  stars  were  found  in  a  stagnant  X)ond  on  Middle  l>ass  Island. 
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List  of  plant  a  iletermined  in  Ijtke  Erie, 


('()^•FF.RV(>II)E.^^. 

Coleochfpte  scutata  Breb.* 
CEdogonium  crypt ojMrn ni  Wittr.* 
Prasiola  sp. 

Stigeoclonium  tenue  Kg. 
(Vuptophora  endivicefolia  Ak-* 
Aphanm'hiPte  re}H'nn  A.  Br. 
Clndopltora  glonierata  Kg. 

var.  HuhHimplf.v  Rabh. 
Hormidinm  nitenn  Menegh. 

flarvidnm  (Kg.)  Brann. 
Bumilleriti  sp. 

SIPHOPHYCF.-*:. 

Profoaiphon  iHttn/oidrs  (Kg.)  Klebs. 

PR(  )T<  H'<  KX  •<  »I DE.-K. 

Vol  vox  globator  Ehrb. 
Endorina  elegit nn  Ehrl). 
Pftndorina  mornm  B<»r>*. 
Synnra  rolvojc  Ehrb.* 
Goniitm  tetraa  A.  Br.* 

pectorcde  Muller.* 
Odamydomonas  commnnis  Snow. 

gracilis  Snow. 
globo84i  Snow. 
Hydrodictyon  ufrictdatnm  Roth. 
Seenedenmns  acutiformis  Si-hr«Mlt';-. 
avntntt  Meyen. 
idternantt  Reinsch. 
hijngntuH  Kiitz. 
YAT.  fle.rnoHnA  Lemn. 
hrasxliensis  Bohlin. 
ca  uda  tus  Corda . 
YHT.abnndmis  Kirch, 
var.  setoftwt  Kirch. 
dimorphusKg. 
obliquns  (Tnrpin)  Ktz. 
opoUeiisiH  Richter. 
var.  Citrinatns  Lemn. 
qnadricandatns  (Tur]). )  Hn'-b. 
var.  ecornis  Ehrb. 
CUfUmtrnm  microjHprnm  Nag. 

prcfbofu'ide  n  m  Bohlin . 
reticnlatnm  (Dang.)  S«*nn. 
Hphtrricnm  Nag. 

Note.— A  specimen  was  found  asreeinjr  m  evt*rv  n*- 
Rpe<'t  with  Cwlastntm  ruhinun  Nft^..  which  i»rcKinc««<i 
typi<'al  ccenobia  of  Cwlajttnim  pntfHuuu'fleHm.  h<>  that  the 
sixH'ieft  of  (\pl4iMtrnin  cuhirum  in  to  be  qiiestii»n«*<l. 

Sorastrnm  HpinuloitHm  Kg.* 
Pediaxtrnm  bi^ryannni  Menegh. 

var.  longicttrne  Rein«ch. 

const rictnm  Has8.** 

ehrenbergii  A.  Br.* 

pertusnm  Kutz. 

var.  briu'hyh^um  A.  Br. 

var.  clothratum  A.  Br. 

var.  microfjorum  A.  Br. 

rot u la  Ehrb.* 

stnrmii  Reinsch. 
Stanrogenia  apicnlata  Lemn. 

qnadrata  (Morren)  Kfitz. 

rectangularis  Nag. 
Kirelnieriella  Innaris  (Kirch.)  Mob. 
var.  dia^uz  Bohlin. 


I 


Kirvhiierii'Ua  tAx^im  (West)  Schmidle. 

var.  contorta  Schmidle. 
(ritlenkinia  fencstnita  SchWHl. 
OphiiH'ytinm  jMirrnJnm  A.  Br.* 
va  pit  at  inn  Wolle. 
Chararimn  amhignnm  Henu. 
angnstuni  A.  Br.* 
Pttlyedriinn  rrnentnni  Nag. 
enorme  D.  By.* 
gigas  Wittr.** 
lohnlatnni  Nag. 
minimnm  A.  Br.* 
Vint  ten  m  A.  Br.* 
jtinacidinm  Reinsch. 
trigonnni  Nag.* 
var.  tetragon nm  Rabh. 
Dirtyosp/nrrinm  ehrenltergiannm  Nag. 

pnlchellnni  Wood. 
Hormosjyora  sp. 
Tetras^tora  nafans  Kfitz. 
Sell izocli lam ys  gelatinonnx  A.  Br. 
Fnsola  viridis  n.  sp.*** 
DimorphiH'(H*cnM  Innatns  A.  Br.*** 
Porphyridinhi  crnentnm  Nag.* 
Botry(»Ci  teens  bran  nil  Kg. 
(rliFcystis  ampla  Rabh. 
Sephroeytinni  (tgardhiannm  Nag. 
<hH'y»tin  Inmiei  Snow. 

laenstris  Cho<lat. 
solitaria  Wittr. 
ChfHlatella  eitrifonnis  Snow. 
Rha]phidinm  biple.r  Reinsch. 
brannii  Nag. 
convolntnm  Rabh.* 
falenla  A.  Br. 
7n  inn  turn  Nag. 
jutlymorphnni  Fres. 
Wiaphidinm  {*)  sj)i rale Txirut'r. 
Sehnasfnint  aeiiniinatnm  Lagerh. 
bibra  ia  n  n  m  Rein.sch . 
graeile  Reinsch. 
TkietyUiCftecnH  infnnionnm  Nag. 
StirhiHUH'ens  iKieillariH  Nag. 
PlenriH'iH'ens  aqnaticnn  Snow. 
regnlaris  Artari. 
Chlnrella  iufnuionnm  Bc»verinck. 

ml  gar  in  Beyerinck. 
ChlnriHUH'rnni  infnsionnm  Rabh. 

natans  Snow. 
Botrydiopnis  eriennis  Snow. 
( 'hlnrnsjiluera  laenstris  Snow. 

jHirvnla  Snow. 
Sent inospln era  jKiradiKva  Klebs. 

(•oNjr(*AT.-E. 

Mesocarpns  sp. 
Hyalotheea  dissiliens  Breb. 
OnyeUonema  Uex'e  Nordst. 

var.  minns. 
Spha*rozo8ma  filiforme  Rabh. 
Closterinm  aeerositm  Ehrb. 

diame  Ehrb. 

ehrenbergii  Meneg. 

leibleinii  Kg. 

I i neat u HI  £br.^ 
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List  nf  jihinfx  (h'trnnincff  in  Lah'  Kri*' — (*<)ntiime(l. 
a  )N.ti'(;at.k.  hac^ellariack^.. 


( lostcriinn.  prouinii  Brrb. 

var.  ariifnin  Kh'l)s. 
var  h'ncit  Klel>s. 
Vleinniivuhnn  traltecuiti  Niijr. 
f  Utsnuirimn  crcntttidn  Ralfs. 
riKistroifh'M  N. 
(jnniatum  Breb. 
h'jt'lhnauii  WilU*. 
mvmyhhiii  Brob. 
var.  ('(Htriniim  Rabi). 
juiiii'fnhiiinn  Bn''b. 
])if(fi}nvinn  Archer. 
7'<iffsii  Breb. 
var.  tifjxiciim  Ralfs. 
reiki  forme.  Ralfs. 
ti'trliopthnlm  u in  Kutz. 
tinctnin  Ralfs. 
KmtHtmm  hi  noli'  Ralfs. 

rvrrnvosnm  Ehrb. 
Sfitnnisfrnm  vrcnnUtimn  Naj;.** 
[fnu'ilo  Ralfs. 
ohlomjnm  N. 
jKiIifnuH'pIiuni  Brrb. 
var.  vhfvtncmis  Sc'lin'Ml, 
sfritiiatinn  (NiiK-K 
frlifcrnm  Ralfs. 

UACF.l.LAKIArK.-K. 


Xftinmln  crifpitK'rjtlmht  Kk-* 
iiuKhsfi  Aj^. 
loiifjn  Ralfs." 
]*innnJiiri(i  ina'nn'  Sin.** 
radiimi  Siu.'-* 
Stanroptera  parra  (Elirb.)  Kirrli. 
SfanroiifiH  fenestra  Siu.** 

phn'nicenteron  Ehrb.* 
Aiufihiprnra  aruatu  Bail. 
Plenrosiejma  aifennafnm  Sin.- 
Amphora  (tralift  Kg.* 
Cifinhella  mariiUita  Kg. 

rotninJata  H.  H.  C 
Eneijonema  proatratnm  Riilfs. 
<  Uteroneis  pUieentnla  Ehrb.* 
(Un'ronnna  viainhi  lb'i!i])r. 

ianceitlatnm  Ehrb. 
(rtniijtJunifma  arinninatnm  Ehrb. 

rapifdtnm  Elirb. 
eonsfrirtnm  Elirb. 
intrieaiinn  Kg.* 
Arh  nan  fins  e.vilis  Kg.* 
yit'.sriiia  it  near  is  Siii.** 
si(jmia'(h'a  Sm. 
(Unnpi/iodisrns  rrihntsns  Siii. 
<\ifmafttj)lenra  soha  Brrb. 

eUifitiea  Brrb.  "^ 
Surirrila  uralis  Mencgli. 

sa.ron  iea  An(»rsw. 
s}t1i'n(lida  Kg. 
Sffmdra  ttxt/rhifneltns  Kg. 
nlna  Ehrb. 
var.  iniKjissima  Win.  Sm 


** 


Fragilaria  crotoiwnsis  (A.  M.  Edwards)  Kittxni. 

rirescens  Ralfs. 
AsterioneUa  formosa  HaH8al. 
TaMUu'ia  fenesfrata  (Lyiig)  Kg. 

jftKvnlosn  Kg. 
Kpiiheineia  ovellata  Kg.** 
tnrgida  Kg.** 
ventricosa  Kg.** 
zeltra  Kg. 
Mel(isira  areunrin  Moore. 

{jrannlata  (Ehrb.)  Ralfs. 
iHtriaus  A^. 
Orfhosira  oriehalcea  Sm. 
CifelotcIIa  vomta  (Ehrb.)  Kntz. 
dnbia  Hilse. 
meneghiniana  Rabh.* 
striata  (Kutz.)  (Irnn. 
Stejihanodiscns  niagara  Ehr. 

SCHlZOPIIVi^E-*:. 

Jiirnlaria  radians  Thiir. 

var.  dura  Kirch, 
var.  minntula  Kirch. 
Masiigonema  wrngineum  Kirch. 
Alpha in'zomenou  flos-aqiav  Allinan. 
AnalHvna  Jlos-a^intp  Kg. 

var.  eireinalis  (Rabh.)  Kirch. 
Pleetonema  mirahile  Thur. 
()sei!Iatori<i  (frugineo-avridea  Kg. 
ehalalwa  Mart'.^ns. 
fnehlichii  Kg.* 
im}H*rator  W<"mk1.* 
natan^  Kg. 
snhtiliHsima  Kg. 
tenerrima  Kg. 
tennis  Ag. 
Lynghjia  irolfei  Farlow. 
Mieroeolens  angniformis  Harv. 
Mrrismopetlia  elegans  A.  Br. 

glauca  Niig. 
krdzingii  Nag. 
ten  n  issim  n  in  Leinin . 
riolacea  Kg.** 
(Urlnsphwrinm  kutzingiannm  Nag.* 

rosenm  Snow. 
Clathroeifstis  a^rugimtsa  Honfr. 

roseo-pcrsicina  Cohii. 
Gomphospha^ria  apoiiina  Kg. 

var.  an  ran  tiara  Bl»*isc.h. 
Poiifei/stis  iethiobltdn'  Kg. 
(litroeapsa  fenestralis  Kg. 
pnnetata  Niig. 
( 'hrooetwens  pailidns  Niig. 

iimneticus  Lemm. 
jiurpurens  Snow. 

PHYOOMYCETES. 

Heggiatoa  Jepf omit i form  is  Tn^Yiti. 

ararJinoidea  liiiln^nh. 
Sftiroehtrte  plieatilis  Ehrb. 
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EXPLANATION  OP  PIGURES. 


Platk  I. 

I.  ChlnmiftiomonttM  ynuilin  Snow. 
1.2.  Motile  oell«. 

3.  C4ampte«y). 

4.  Copulation  of  Kamot**^?. 
I.  Chlitinffthnnonan  nwnnuith  Suow. 

\-i\.  M(»tile <v11h. 

III.  ChltimifilnmoiwjiyhplMMiit  Sim»w. 

l-T).  MotikMvlls. 

IV.  Sii^eilfiiinvH  hiJuyittuM  var.  flexutt»»H  L«>iiiiii. 

1.  (?CRnobiumofJKo<»llH. 

2.  Resting:  AtufTo. 

V.  Stniirttgi'nia  npirultitn  Lemu. 

1.  C\>mpound  t-wnobiuni  of  <U  jflls. 

2.  (\>m pound  cnonoblum  of  Irt  ivlls.  showin^r 

ifelatinouMenvoloi>o»Mbn»UKht  <mt  by  tan- 

nate  vesuvine, 
a.  MaHH  of  r«»llH  from  iR  per  <*ont  Knop's  solu- 
tion. 
4.  SlnKl**  eopnobium  in  t>arly  Rtaircs  **t  n-pn*- 

duotion,  taken  from  an  orgHnir  Holution. 

(fi)  Nu(*lt>uM.     (/i>  Pywnoid. 
F).  Single  luenobinm. 
(I.  Diagram  HliowinKn^lativc  position  of  iiurliM 

and])yrenoltb*  in  young  «*»i>no}iin.  "  ♦»  •  Nui*- 

leiiK,   {In  Pyr*»noid. 

7.  Monibnui**  of  a  euMiobiuni  after  duu^littT 

«-n*no1»ia  havt*  1ie«*n  lil)«>rat**<l. 

8.  (N'll     showing    nurleuH     ami     pyn'iioiil. 

(a I  Nurli'UH.     ih)  Pyn*noid. 

PI.ATK  II. 

VI.  Ftufola  viritliM  8now. 

I  4.  Different  stageM  in  proct^m  of  division. 
Kii  Rupturwl  membrane  of  mot  lM»riM*ll, 

3.  Typi«ifl  cells. 

VII.  (hiryHtin  fniriffi  HxUiV. 

1.  Single  eell  showing  nuelens,  a. 

2.  Young  cells  from  a  rulturo   in  organic - 

solutitm. 
n.  C-ells   aft«r  division  of  ('hr<.)mato]ihi»r<v 
Taken  fnmi  organic  s<ilntion. 

4.  Small  colony  taken   from  organic   dilu- 

tion. 
r».  Single  c<«ll  f rom  O.u'i  i)er  i*ent  Kuop's  so- 
lution, showing    ii'mmint    of    niothfr 
membrane,  h. 

Vni.  ChtHUiUUa  ritriformiH  Hrui'W. 

1.  Mattir««  <'ell  s«»<»n  from  sidi*. 

2.  (.-ell  seen  from  end. 

:\.  (Vll  showing  r»»pr<Hlu<'tion. 

IX.  1-4.  PleurfiCtH'run  reuuluriH  Artari. 

1.  Complex  from  the  i>lank ton. 
2-4.  C'luHters  from  a  cultun*. 

5.  f'cflatitrum  micrttjMtnim  Nug. 


pi.ATF.  m. 

X.  UruntrtHVUH  tujunlicHtt  Snow. 

1.  Cell  complex. 

2.  Individual  cells  >)efort»  formation  of  rliift- 

ters. 
H.  Complezea  grown  in  collodion  tnl)es. 

4.  First  stages  in  formation  of  complexes. 

5.  Disintegration  of  the  larger  <'omplexes. 

XI.  C/i/on»rorrMi»i  w«fiiiii»  Snow. 

1.  Mature  cell. 

2.  Ck>nidia  forme<l  in  0.2  per  cent  Knop'SHrda- 

ti(m. 
:{  (^onidia  forme<1  in  0.4  per  cent  Knop's  stilu- 

tion. 
4.  Typical  zoospores. 
.'}.  Z<MM«i)ores  formed  when  material  is  trana- 

ferred  from  Knop's  solution  to  oi^panit* 

solution. 
((.  Germinating  soospores. 
7.  First  stagH  in  formatifm  of  »KM])ores. 

XII.  Htttrf/ilioiuiiM  erifiiniit  Snow. 

1.  Mature  cell. 
2,3.  Young  c<»lK 
4.  Oonidia   forme<1  from   nonlils^ration    f»f 

»ioHi>or(*s. 
'>.  Zoos]M>n^.    (Freehand.) 
it.  Uerminating  zoospores. 
7.  Z4»os|»or«»sbefon»  lil»eration. 
XIII.  HnfrifititiiHtiit  olt'titfti  Snf)W. 

1.2.  Matur«M.vlls. 

3.4.  Younger  cells  of  different  shai^es. 
r>  7.  Different  stag«*s  in  the  formation  of  the 
EtMwpores. 
H.  Zoos]s>res. 

tt.  Germinating  wiospores. 
Kt- 11.  Resting  c<mdition. 

Platk  IV. 

XIV.  f  Vi /i tnutph ivra  laruHtn'n  Sm » w , 
1.  Single  cells. 

2.3.  lN)mplex(^arising  from  division. 
4.  ZiMMpores. 

r>.  Germinating  zoospores. 
ty  7.  Stages  in  the  f<»rmationof  thezoospores. 
XV.  ChhtroHphirrti  parvnlit  Suow. 

1.2.  Complex<»s  form«Hl  >»y  division. 
3.  Zoospores. 
XVI.  .W»j«MVi?7«M  sis*c. 

1.  Normal  filament. 

2.  Filament  under  unfavorable  conditions' 
XVII.  CtflnHphtfrinm  iiMvum  Snow. 

1.  Tyi>ical   individual,    n.  Surfa<"e    view. 

h.  Interior  view. 

2.  ('ii'hutphitriHnt  if)  showing  free  dichoto- 

mous  gelatinous  branches. 
XV III.  f  'hnnn^H'r»H  purpurt-un  Suow. 

Showing  mtsle  of  growth  in  small  clusters 
embeilded    in    gelatinous  sulistance. 
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Chro(XMK*cus  purpnreuA 
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NEW  SPECIES  OF  DARTER  I'ROM  TIPPECANOE  LAKE. 


Ry    Wir.LIAM    J.    MO  E  X  K  M -rM  :  «i, 
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DBCRIITION  or  A  NHW  SPFXIHS  OF  DARTHK  FROM  TIPFFCANOF  LAKE. 


Bv  WILLIAM  J.   MOHNKHAUS. 
Assistant  J*ro/t'SSor  of  Zooloi^y,  ludiaua  I'niversity. 


During  the  .summer  of  isi^t;.  while  collecting  large  (juantitiesof  Ptrcina  oiprodtfs^ 
in  Tii)[>ecanoe  Lake,  a  ."tingle  large  si)ecimen  of  darter  was  taken  which  could  not  be 
identified  with  any  de.s<^ribed  species.  I  thought  then  and  since,  until  recently,  that  it 
might  be  a  hybrid  between  l\rcmo  mprr»ihs  and  Jladn/pterKx  aspro^  l>eeause  of 
evident  intermediate  charaiters.  After  holding  the  specimen  for  six  years  with  the 
hope  that  other  specimens  might  be  taken,  I  published  a  note  in  the  Proceedings  of 
the  Indiana  Academy  for  VMyi  (pp.  115-110).  under  the  title  "An  al>errant  Etheos- 
toma,'"*  in  which  I  briefly  described  the  specimen  and  compared  it  with  Ptrcina 
oipntdri^  and  IbidroptrruH  a-sj/iv.  Last  summer  the  sandbar  on  the  south  side  of  the 
c}i.st  end  of  the  lake  was  again  extensively  seined,  and  among  some  5(><»  or  6<)0  Ptrcina 
caprodtt*  2  small  specimens — prolmbly  that  summer's  brood — were  taken  which,  beyond 
a  doubt,  are  similar  to  the  specimen  taken  six  years  previously  in  a  part  of  the  lake 
3  or  4  miles  distant.  Among  a  peck  of  darters  from  a  part  of  Tippecanoe  Lake  that 
the  lal>els  do  not  indicate,  collected  in  isi^s  bv  some  students  of  the  Indiana  Univer- 
sity  Biological  Station,  I  found  3  similar  s[)ecimens,  making  G  specimens  of  this  type 
from  different  parts  of  the  lake.  There  can  no  longer  be  any  doubt  that  we  have  to 
do  with  a  distinct  species,  and,  so  far  as  I  can  determine,  the  s{)ecies  is  undestTilx^d. 

This  new  species  is  among  the  most  beautiful  and  largest  of  the  darters.  It  gives 
me  the  greatest  pleasure  to  name  the  species  for  Dr.  Barton  Warren  Evermann, 
ichthyologist  of  the  U.  8.  Fish  Conanission. 

Hadroptenis  evennanni  MmMikhaus,  new  si»ecit'8. 

Ilfiul  4  in  len^rth;  <k'pth  6.16:  eyt*  o.s  in  lu^a*!;  snout  8.95;  D.  xvi,  14;  A.  ii,  11;  Ht-ales  H-71M>. 

Form  of  IkmIv  much  like  that  of  II.  njtpro,  ratht*r  elon^te,  fu.^iform,  s^>mewhat  <'omprt'»«iHl  jkhj- 
teriorly,  hut  h'ss  i)ointeil  anteriorly;  mouth  ni«j<lerately  larjre,  maxillary  rea<'hiug  pupil;  eleft  of 
mouth  alnifjs't  horizontal,  lower  jaw  inrhuleil;  eye  large,  a]x>ut  etjualing  nnout;  interorhital  rather 
]>n>a<l,  flat;  gill-memhranes  free  from  iythmus  and  .sejiarate;  opercular  spine  and  flap  well  developetl; 
preoi)en-le  entire.  Scales  ctenoid;  naj^  with  fewer,  smaller,  em]>edde<l  scales;  median  ventral  line 
in  one  si)ecimen  provided  with  a  row  of  closely  set,  slightly  enlarged  8cak*s;  a  second  specimen  has 
3  or  4  huch  scales,  remaining  specinjen.^  without  scales;  hreast  nake<l;  opercle  with  closely  set  ctenoid 
8c*ales  slightly  smaller  than  tnose  on  lj<Hly;  cheeks  with  fewer,  still  smaller,  emlxMlde<l  ctenoid  s<'ales; 
lateral  line  complete,  slightly  arche<:l  over  i)ectorals.  Pectoral  and  ventral  fins  alx)ut  etjual  in  length, 
measuring  1.4  in  head;  origin  of  spinous  dorsal  one-third  distance  l»etween  snout  and  l>a8e  of  caudal; 
origins  of  soft  dorsal  and  anal  CHpially  distant  Irom  snout,  the  di.stance  fn>m  snout  1.56  in  IkhIv  length; 
spinous  dorsal  somewhat  longer  than  soft  dorsal,  the  latter  longer  than  anal;  these  3  tins  alx>ut  the  same 
height,  the  onler  of  their  height  in  an  ascending  series  l>eing  spinous  dorsal,  soft  dorsal,  anal;  their 
heights  being,  re8])ectively,  about  2.5,  2.2,  and  2.1  in  head. 
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Tile  iTolor  ))t>lt«rii  uuto^twts  Hii  iiiloniUKiiate  type  between  Perciiia  mpnidf*  anil  Ji'idnipffnu  ntpni; 
oitle  with  a>N>ut  19  lurf^,  ilii<tiiH't  black  blutchtw,  whioli,  <:«pei-ia1ly  along  the  iiiiilille  n-gion,  an;  alter- 
nately ianwr  ami  Biiialler,  these  often  being  the  veotml  enilM  of  more  or  IwB  well-<ie\'elope<l  tnuui- 
verae  bam;  ilunttl  Mile  with  a  wriei'  of  lat^  ijiuilrate  blotcheM  alternating  anil  anai^tunioeing  with 
variously  ileveloi>eiI  tnum-enw  bare;  i'oli)r  {lattem  of  the  tranHverve  Ijpe  rather  tliaii  the  liingitiiilinal 
i;hamct«rietif  of  H.  lapro  and  //.  inacrorejibnl'im.  In  the  older  iniliriilual  this  (lon«t  pattern  Ixi-oiueK 
more  diffuse  anil  less  rt^Ur;  ilonul  two-thinlH  of  0|>er('le  and  ujijier  jHirt  of  vheek  blauk;  a  ilifltinct 
black  Itand  extendiiitt  downward  ami  another,  iiior^  diffiim',  forwanl  from  the  eye;  both  donwls  and 
caudal  tin  l>am'<l;  iiei'toral  iiidiBlinclly  liarretl;  ventrale  andanal  plain;  a  blackitput  ut  liaae  of  caiitlal. 


T'M.- . 


'K  nmJ 


if  all  the  np/riiii 


Lcninh    Iliwl     Uvjilli    Ey<!  „ 


The  HiNi'ieM  i«  nnwl  i-liMety  rclateii  to  Ilmlroi>ti-Fii»  arprit  and  Uiuirnpteriii'  iimrriiceplHili 
the  former  it  differe  nim't  r>f rikiuxly  iu  the  i-olor  (lAllern,  i-s|iecially  that  of  the  <lorHal  uiilf,  which 
transvertw  in  ty|N-  rather  than  loiij;itudiiial,  anil  in  tin:  tcvater  niinilx'r  of  xcakvi,  which  in  thiit  spei'ii 
an;  cteDoid  inxtead  of  cycloid,  on  the  cheekit  aiid  oj^n-les. 

Tyi>e,  N'l.  U7S5,  ^lom-niii  liidiHna  I'nivcnqly:  eotype,  Ko.  U7H«>,  MuiH^Ht 
i-olype.  No,  5(Kt4,  I'.  S.  National  Muhouiii:  n.typi-,  No.  274^,  I'.  S.  Ki-'h  fori 
aleo  been  d('tiiif<ite<l  in  the  Britii^h  Miweuni  of  Natural  Iliittory  and  in  the  Mua' 
Junior  Univereity. 

The  drawing  wan  maile  from  the  largei^  i<jiei'iuien.   which  if  taken  (ih  llie  lyjie.      Thie  ban 
iinuaual  niiuilx-r  of  dorval  npinev.  It!,  a«  will  be  m-eii  Iroui  the  fable  of  counts. 


Iiidianu  rniverwilv; 
imioii;  nitypes  liave 
1  of  Lelaml  Slantinl 
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HABITS  OF  SOME  01^^  THE  COMMERCIAL  CAT-FISHES. 


3y    WII^I^IAM   CONVERSE   KEN13ALL, 

.Assistant,  L'nited States  Fish  Commissiofi. 
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HABITS  OF  SOMI:  OF  THH  COMMERCIAL  CAT-FISHFS. 


BY  WILLIAM  CONVKRSK   KHNDALL, 

.IssisUiut,  f  nitrJ  Siatis  I'is/i  Ct^nnnission 


The  fresh -water  eat-rishrs  of  the  Tnited  States  of  more  or  less  coiiimerchil 
importance  may  l>e  ehissitied  in  a  popuhir  way  as  channel  cats  (/rfti/uruk)^  mud  cats 
{Atne'nmi'S)^  yellaw  cats  (/vyyAyM),  and  stone  cats  (ynfnrtiJ<).  This  arrangement  is 
not  wholly  satisfactory,  howeyer,  owin<;  to  the  confusion  of  the  common  names,  for 
a  nmd  cat  of  one  locality  may  be  the  yellow  cat  of  another,  and  the  yellow  cat  of 

•  •  •  ■ 

some  place  be  the  stone  cat  in  an(»tlnM'  locality,  and  so  on.  Then,  too,  there  is  no 
distinct  line  between  channel  cats  and  mud  cats.  The  technical  nomenclature  and 
synonymy  of  these  tishes  are  not  in  murh  I  Hotter  shaiH*  than  the  popular  chissiti- 
cation;  therefore  the  dis<'Ussion  in  tin*  follow  in»r  pajres  will  be  more  or  less  generic. 
The  cat-tishe.>  are  of  such  connuercial  yaluc  as  food  that  there  haye  arisen  exten- 
siye  and  almost  special  lisheries  for  them  in  the  South,  tin*  Mississippi  Valley,  and 
the  Great  Lakes  region  -  that  is  to  say,  in  the  ('enters  of  their  greatest  abundance. 
Of  ateut  a  dozen  specicvs  appearing  in  the  markets,  probably  not  more  than  one-half 
are  yery  common  or  merit  more  than  passing  notice.  The  largest  are  the  "great 
forked-tail  cat"  of  the  Mississippi  {/rtdJurtis  fur'-^iftis)  and  the  Great  Lakes  cjit 
{Atiif  i>frns  ////v/.v//v*.n).  The  tirst  attains  a  wj'ight  of  ITtO  jMiund^.  the  other  perhaps 
50  or  more.     Of  the  smaller  eats  the  more  important  are  th<'  spotted  <'at  {litaltirua 

ltnm'tatnf<)n  Potomae  cliannel  eat  {Am*  'mrns  rtif  us)^  and  bullhead  {Ami  turns  mlmhtsiis). 

Then?  is  yery  little  pul)li>he(l  information  on  the  habits  of  any  >pecies  of  cat- 
tish, and  it  has  been  thoUirht  that  it  miirht  l>e  of  u>e  to  briiiir  toLfetlu^r  the  most 
important  published  an<l  othtMwise  a\ailable  faet^  on  thi^  .Nu})ject.  Owing  to  the 
similarity  of  habits,  for  thi>  purpose  it  is  umnuesNary  to  n^fer  to  m(»re  than  those  of 
the  most  conmion  form>  except  in  a  yery  general  way. 

The  cat-ti>hes  are  a  hardy  raee,  yery  prolitic.  in  halMt>  and  structure  compara- 
tiyely  safe  from  enemies.  For  tht*M»  reasons  w  hereyei-  they  <»ccur  they  are  usually 
yery  abundant.  In  late  years,  how<*yer.  the  di'maiid  for  these  fish  has  reached  such 
dimensions  that  in  some  localitie>  exten-^iye  inroa<ls  haye  been  made  ujx)!!  their 
numbers  and  there  has  ari>en  the  problem  of  how  to  repopulate  tin*  depleted  waters. 
It  has  not,  until  rectMitly  at  lea>t,  lu'en  considered  ne<'<'s>ary  to  n'sort  to  artificial 
proiKigation  of  cat-tishes,  an<l  there  ha\  e  been  but  few,  if  any,  attempts  in  that 
direction.  There  are  a  few  instanc(»>  of  pofid  culture,  which  will  be  referred  to  in 
another  place. 

yiHul  qniiltt!*.s, — In  flayor  and  oth(»r  edible  <|ualities  the  cat-tishes  differ  somewhat 
among  themsehes.  As  a  ruh'  the  chaimel  cat.s,  especially  the  s|)otted  cat  (IdnhtruM 
ptuH'tafff^  and  [,  fnrrtitu^).  >eem  to  possess  more  didectabh*  (jualities  than  the  nmd 
cats.     This  is  possibly  due  to  differeiun*  in  habits  and  habitat. 
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Regarding  Ictalurxis  punctatxLn^  eTordan  says  (Bull.  U.  S.  F.  C  1885,  p.  34): 

As  a  food-fish  the  channel  cat  is  certainly  better  worthy  of  attention  than  any  other  Americun 
cat-fish.  There  is  much  less  waste  in  the  body  of  the  channel  cat  than  in  other  cat-fishes,  as  the 
latter  lose  more  than  half  their  weight  by  removal  of  the  head,  the  entrails,  an<l  the  skin.  The  fiesh 
of  the  channel  cat,  when  fresh,  is  very  superior;  it  is  white,  crisp,  an<l  juicy,  of  excellent  flavor,  and 
not  tough.  It  is  much  more  delicate  both  in  fiber  and  in  flavor  than  that  of  the  other  cat-fishes.  When 
well  cooked,  I  consider  it  superior  to  that  of  the  black  l>as8,  the  wall-eye,  the  yellow  jjen^h,  or  any 
other  percoid  fishes.  Among  other  fresh-water  fishes,  it  is  inferior  only  to  the  white-fish,  the  trout, 
and  other  Salmonidx. 

Speaking  of  the  blue  cat  {IcUthirm  furcatu^i)^  Jordan  &  Evermann  say  (Amer- 
ican Food  and  Game  Fishes,  p.  19): 

In  spite  of  iM^pular  prejudi(x.^  to  the  ix>ntrary,  the  flesh  of  this  cat-fish  is  of  exi»»llent  (]uality,  firm 
and  flaky,  of  very  delicious  flavor,  nutritious  in  a  high  degree,  and  always  commanding  a  fair  price. 

Regarding  the  yellow  cut,  which  they  term  the  mud  cat,  the  same  authors  state, 
on  page  82: 

Its  flesh  is  of  fine  texture  and  of  excellent  flavor,  and  there  is  really  no  gtNNl  n^amin  for  the  preju- 
dice against  it  which  obtains  in  many  l<K*^iitiiw.  The  fact  that  it  is  a  largi*,  rather  re]Hilsive-looking 
flsh,  not  too  cleanly  in  its  habits,  doubtk*ss  has  somethhig  t^)  do  with  tliis. 

Mr.  Charles  Uicsler  (Bull.  U.  S.  F.  C.  1882,  7()-7li)  has  written  regarding 
Ameiaru^  tuhulottm  (?): 

It  is  one  of  the  very  l)t»st  of  j)an  fishen,  and  haw  no  noticHiable  liones.  It  retains  its  excellence  as 
fresh  fish  as  long  as  any  fish  and  longer  than  most  of  them.  It  is  i^ateii  and  relislunl  by  all  classes  of 
people,  and  they  would  eat  more  if  they  could  get  them.  It  is  notsalte<l  down  l)ecause  the  demand  for 
fresh  fish  exceeds  the  supply.    Its  iiuality  for  table  f(>o<l  will  ever  prevent  its  une  for  any  other  purpose. 

The  great  popular  demand  testifies  to  the  food  virtues  of  the  ait-fishes. 

IfahitaL — Almost  an}'  one  of  the  species  of  cat-fishes  seems  tote  adapted  to  a  wide 
range  of  climatic  conditions,  although  somewhat  restricted  to  certain  immediate  sur- 
roundings. Ameluru^  htimatrU  is  supposed  to  he  distributed  from  the  Saskatchewan 
River  and  the  Grcat  Lakes  to  Florida.  AmeluruH  nehul<»ftux  is  found  from  Maine  to 
Florida;  but  in  Maine  this  species  occurs,  as  a  rule,  only  in  nmddy  lakes  and  streams 
with  plenty  of  vegetation,  and  such  portions  of  })odies  of  water  of  other  character  as 
afford  those  conditions,  and  a[)parently  the  fi.sh  do  not  stray  far  from  home*.  Such 
loc*alities  are  probably  the  warmest  ones  of  the  region.  Regarding  the  locjil  hal)itat 
of  the  bullhead  (Antfluru^  nchnhmi^)^  Dean  says  (Nineteenth  Annual  Reiwrt  State 
Fish  Commission,  New  York,  181*0,  302): 

It  is  one  of  the  hardiest  of  fishes,  will  eare  for  itself  and  even  thrive  in  tlie  muddiest  of  stagnant 
waters.  It  will  brinnl  readily  and  will  endure  ciunplaeently  every  hanlship  of  dn>uj!:lit,  extremes  of 
temiwrature,  and  lat^k  of  food. 

Every  trait  of  our  cat-iish  Ix'speaks  its  stagnant  mud-loving  natiiR';  dusky  in  color,  sluggish,  and 
blundering,  furnisheil  with  long  and  tactile  barl)el«,  a  shallow,  slowly  draine<l  iM)nd,  furnished  with 
an  occ^asional  deep  mudhole,  will  suit  admirably  the  ninxls  of  the  fish.  If  the  water  dcx^s  Injcomo 
wann  in  the  summer,  the  cat-fish  will  survive — knowing  how  to  survive  is  one  of  its  t^iHH'ial  virtues. 
In  a  3-foot  aiiuarium  at  college  alK>ut  a  dozen  9-inch  cat-fish  were  kept  during  very  warm  weather, 
the  room  temi)erature  often  in  the  nineties  and  the  water  changed  but  once  a  day,  with  l)ut  few  fatal 
results.  Should  the  air  supply  in  the  water  fail,  trust  the  fish  to  care  for  it-^elf.  It  will  come  to  the 
surface,  leisurely  renew  the  air  in  it«  swim-bladder,  and  even,  frog-like  or  turtle-like,  swallow  air  in 
bulk,  trusting  to  stomach  respiration.  Of  undoubted  res])iratory  value,  niort»over,  must  l>e  the  scale- 
less,  highly  vascular  skin,  so  important  in  the  breathing  economy  of  the  frogs.    Should  thl»  |X)nd  dry. 
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and  the  whole  i)on<l  l^asin  Ije  serried  with  mud  crai-ks,  the  cat-fish  will  lie  dormant  for  days,  even  for 
weeks.  It  has  l>een  found  in  a  clo<l  of  mud,  whirh  wrve<i  sa*  a  cocorm,  until  softene<l  by  the  return  of 
the  water.  In  winter  the  cat-fish,  like  frogs,  and  unlike  many  of  its  neighbors,  appears  to  hiliemate. 
In  November  it  becomes  nluggish  and  refuijies  foo<l,  and  early  in  December  buries  itself  in  the  <leepefit 
ooze  of  the  pond.  It  does  not  reappear  till  the  first  sharp  thunderstorm  in  February  or  March.  Then 
the  fish  are  seen,  tliin  and  ravenous,  approa<!hing  the  shore  so  closely  that  their  hea<ls  ripple  the  sur- 
face. So  fearless  are  they  in  early  spring  in  Central  Park  that  they  ix)me  in  scIkmjIs  in  shallow  water 
and  will  take  foo<l  almost  fn>m  the  hand. 

The  channel  (*ats  are  >o  called  owing  to  their  apjmrent  preference  for  channels  of 
streams  and  clearer,  cleaner  water  than  that  affected  by  the  majority  of  so-called 
mud  cats,  though  the  native  channel  cat  of  the  Potomac  River,  according  to  our  pres- 
ent classifi(*ation,  is  generically  a  nmd  cat  {Aj/teiffru^),  In  some  Southern  rivers,  the 
St.  Jojins  in  particular,  several  species  of  cat-fish  occur  together  with  precisely  the 
same  kind  of  surroundings,  whether  nuiddy  or  sandy.  The  descTiption  of  the  method 
of  fishing  for  cat-fishes  in  Atchafalaya  River,  Louisiana,  given  by  Evermann  (Report 
U.  S.  F.  C.  1898,  21M))  indicates  their  habits  sufficiently  to  warrant  quoting  from  it 
under  this  head: 

The  At(.*hafalaya  River  is  in  some  resiHH-ts  a  jKH^uliar  stream.  It  has  its  soun-es  in  Avoyelles  and 
Point  Coupee  parishes,  near  where  the  Re<l  River  joins  the  MLssiasippi,  an<l  is  at  all  seasons  more  or 
less  connecte<l  with  l)oth  of  those  rivers  by  a  numlH?r  of  anastomosing  channels  and  Ijayous.  The 
Atchafalaya  River  is,  in  fact  as  well  as  histori(:*ally,  one  of  the  mouths  of  the  Mississippi  River,  and 
daring  the  floods  which  come  periodically  to  that  region  a  vast  amount  of  the  surplus  water  of  the 
Mississippi  and  Red  rivers  is  carrie^l  to  the  Gulf  by  the  Atotiafalaya.  ♦  ♦  ♦  There  are  four 
species  of  commercial  cat-fishes  handled  by  the  firms  at  Morgan  City  and  Melville,  viz:  The  blue 
cat  or  |K>i88on  bleu  (  !ri/ilnrw<  fnrcaUui) ,  the  yellow  eat  orgoujon  {  LeptojM  olirfirijf)^  the  eel  cat  (Icinlurus 
anrpxiUa),  and  the  spotte<l  cat  {Icialurtts  punciaiuM).  *  *  ♦  All  river  fishing  during  the  fall  and 
winter  is  done  on  the  t)«)ttom,  while  all  lake  fishing  is  at  the  surface.  During  the  spring,  when  the 
country  is  flooded,  the  fish  Ijetake  themselves  to  the  w(kk1s,  and  the  fishing  is  then  carried  on  chiefly 
along  the  edges  of  the  float  roads.  The  old  tackle,  which  had  Ixjen  previously  used  in  rivers  and  lakes, 
is  now  cut  up  into  short  lengths  and  tie<l  as  single  lines,  called  brush  lines,  to  the  limbs  of  trees  in  such 
a  way  as  to  allow  the  single  hooks  to  hang  al)out  6  inches  under  the  water.  E^ch  fisherman  ties  his 
lines  to  the  trees  along  the  edges  of  the  float  roa<ls  if  he  can  find  such  territory*  not  already  preempted 
by  s<jme  one  elsi'. 

The  spotted  cat,  previously  mentioned  as  one  of  the  most  highly  esteemed 
channel  <'ats,  thrives  e(|ually  well  in  |>ond  or  stream.  Regarding  this  si^ecies  Jordan 
savs: 

The  channel  cat  al)ounds  in  all  flowing  streams  from  western  New  York  westwanl  to  Montana 
and  south war*l  to  Florida  and  Texas.  It  is,  i>erhaps,  mfK«*t  common  in  Tennessee,  Arkansas?,  and 
Missrmri.  It  seems  to  prefer  running  waters,  and  young  and  ol<l  are  most  abundant  in  gravelly  shoals 
and  ripples.  The  other  cat-flshc^s  prefer  sluggish  waters  and  mud  l>ottom.s.  I  have  occasionally  taken 
the  channel  c&t  in  pcjnds  and  liayous,  but  such  l«x3ilities  are  apparently  not  their  preference.  They 
rarely  enter  small  bnxiks  unless  these  are  clear  and  gravelly.  Whether  they  will  thrive  in  artiflcial 
iwnds  we  <*an  only  know  fnmi  exi>eriinent, 

Mr.  J.  G.  Jones,  referring  to  the  speckled  cat-fish  as  an  artificial-pond  fish, 
speaks  of  it  as  follows  (Bull.  U.  S.  F.  C.  1884,  321): 

It  is  naturally  a  pond  fish,  and  found  only  in  one  locality  in  the  South,  at  least  such  is  my  information 
and  obser\'ation.  That  locality  is  in  Flint  River,  ninning  south  and  emptying  into  the  Chattahoochee 
some  distance  Ijelow  Columbus,  (ja.  Many  years  ago  this  fish  was  plentiful,  Ijeing  found  only  in  still 
water,  lagoons,  or  ponds.  The  Flint  River  runs  through  the  Pine  Mountain.  Not  far  south  or  north 
of  the  mountain  these  fish  cease  to  occupy  the  waters  and  inhabit  only  the  tributaries  to  the  rivers. 
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including  a  8])ace  of  about  50  or  75  miles.  Some  time  since  I  determineil  to  try  to  domesticate  tliem, 
and  the  effort  has  resulted  in  success.  *  ♦  *  They  love  a  jx)nd  of  clean  water  and  a  mud  lx>ttom. 
All  the  floods  that  come  can  not  wash  them  from  Iheir  home,  unless  the  whole  of  the  pond  is  larried 
away.  They  will  not  go  into  running  water  if  they  can  avoid  it.  Disturb  them  and,  like  a  crarp,  they 
will  sink  in  the  mud  and  hide.  They  can  l)e  caught  conveniently  in  a  gill  net,  but  with  great  difficulty 
in  a  seine.  My  pond  covers  5  acres  of  land,  the  largest  and  best  jKind  in  western  (Jeorgia.  It  is  a 
perfect  mass  of  fish,  and  has  l)een  constructed  only  eleven  months.  The  water  is  from  an  inch  to  5 
feet  deep  and  alK)unds  in  vegetation. 

Food  andfeedlruj  h<ihiU. — The  cat-tishes  are  omnivorous,  subsisting  upon  animal 
or  vegetable  food.  In  a  strictly  wild  state  the  food  is  probably  to  a  great  extent 
animal,  but  they  will  eat  ahiiost  any  kind  of  vegetable  matter  fed  to  them  in  artificial 
inclosures.     Mr.  Jones  further  remarked  regarding  his  domesticated  cat-fish: 

The  species  is  easily  tamed  or  domesticated.  They  can  lie  train(^d  like  pigs;  increase  and  grow 
fat  when  well  supplied  with  food.  They  subsist  upon  vegetation,  but  in  the  absence  of  it  c«n  l)e  fed 
upon  any  kind  of  fruit,  such  as  i>eachi»s,  apples,  i)ersimmons,  watermelons,  and  the  like,  corn,  wheat, 
and  sorghum  see<l.  I  put  fifty  3  ini^hes  long  in  a  basket  and  set  it  in  my  pond.  I  fin!  them  well  on 
corn  shorts  and  dough.  In  the  short  si>ai'e  of  six  weeks  they  grew  to  Ihj  0  and  7  inches  long  and 
trebled  in  weight. 

Jordan  (1.  c.)  says  Ictalurna  puactatuH  is  an  omnivorous  fish,  though  less  greedy 
than  its  larger-mouthed  relatives,  and  that  it  feeds  on  insects,  crayfishes,  worms,  and 
small  fishes,  and  readily  bxkes  the  hook. 

In  some  loi*alities  the  mud  cats  swarm  alx>ut  the  mouths  of  sewers  and  other 
places,  where  they  obtain  refuse  and  offal.  This  garbage -eating  habit  is,  however, 
not  confined  to  the  mud  cats,  and  the  channel  cats  ocurasionally  indulge  their  bistes  in 
that  direction.  Slops  from  the  galley  and  refuse  from  the  toilet  rooms  of  the  Fish 
Hawk  in  the  St.  Johns  River,  Florida,  formed  a  great  attraction  for  the  two  princi|>al 
cat-fishes  of  that  region  {Af/uu'ttrus  catu^  i  and  friahirux  punctotu*<).  It  is  doubtful  if 
the  food,  however  foul,  taints  the  flesh  in  any  way,  and  this  allusion  to  some  ap[)ar- 
ently  disgusting  feeding  habits  can  not  consistently  deter  anyone  who  is  fond  of  pork 
or  chicken  to  forego  the  cat-fish  solely  on  this  account.  Besides  it  is  only  occasion- 
ally and  loc^ally  that  these  fish  have  ai'cess  to  such  food. 

Hiesler  (1.  c.)  says  that  cat-fish  appear  to  live  on  the  larvje  of  insects  and  on 
flies  that  fall  into  the  water.     ''They  never  jump  out  of  the  water." 

Writing  of  Ameinrm  nehuUmis^  Dean  (1.  c.)  says: 

The  habits  of  the  cat-tish  make  it  a  most  objectionable  neighbor.  *  ♦  *  The  stomach 
contents  show  its  destructiveness  to  fish  eggs  and  to  young  fish.  *  *  *  It  will  eat  incessantly  day 
and  night,  prowling  along  the  Ixjttom  with  barlx'ls  wi<lely  si)read.  It  will  suddenly  i)ause,  sink 
liea<lforemost  in  the  mu<l  for  some  unseen  j>rey.  Nor  is  it  fa-Mtidious^iu  its  diet,  "from  an  angleworm 
to  a  i»iei*e  of  tin  tomato  can,"  it  IkjUs  them  all.  From  the  contents  of  mi^icellaneoim  cat-fish 
stomachs,  however,  there  api>ears  to  exist  a  general  jjreference  for  fish  fcKxl.  Professor  Goode  has 
already  noted  the  attractiveness  of  salt  mackerel  or  herring  \mi.  He  has,  mortniver,  hinted 
incidentally  that  the  lish  will  not  bite  when  an  east  wind  is  blowing.  It  is  in  order  to  procure  food 
in  a  lazy  and  strategic  way  that  the  cat-fish  has  lxH»n  sc^»n  to  sink  in  the  mud  with  but  barbels  and 
dusky  forehead  exi)oseil,  rt»ady  to  rush  out  and  swallow  the  luiwary  prey. 

In  their  feeding  habits  all  species  of  cat-tish  seem  to  be  more  or  less  nocturnal. 
They  take  a  hook  most  readily  from  about  twilight  on  into  the  night.  Most  set-line 
fishing  is  carried  on  at  night.  Moonlit  nights,  however,  are  more  favomble  than 
dark  ones.  On  the  St.  Johns  River  it  was  noticed  that  the  fish  would  begin  to  rise 
shortly  after  sunset,  in  large  numbers,  and  the  sound  of  their  '"breaks''  could  be 
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hearci  in  all  directions,  althouj^h  :i  lot  of  jrjirlmtre  thrown  ovorl>ojinl  would  not  fail 
to  raisi'  moro  or  loss  of  them  durincr  the  da  v.  The  e:it-tish  here  were  warv  of  a 
baited  h<M)k,  and  althoucrh  freely  eatin<r  of  pieces  of  hread  or  meat  lloatin*^  at  the 
surface,  if  a  hook  and  line  were  attached,  it  would  never  l>e  touched.  Yet  a  hook 
haite<l  with  meat  or  fish  and  sunk  would  u>ually  he  satisfactorily  effective,  especially 
if  ••hream"  (L^jM^no's)  lH»<Tiin  to  l»ite  lir»-t.  The  i)re>ence  of  other  more  readily 
hitiiiiT  rtsh  seemed  to  attract  the  cat-fish  and  render  them  l>ol(h»r.  I^rw  <-at-tish 
would  take  a  >mall  haited  "hn^am"  hook  much  more  ciuicklv  than  thev  would  a 
larf^e  hook.  The  nuid  cat  here  hit  no  more  trivedily  than  the  channel  cat.  It  might 
!)e  well  to  state  in  thi>  conn«Mtion  that  the  channel  cats  {.Irlnhimx  jnnirliitux  and 
Ictalurufi  furrti{nj<)  are  sufficient Iv  crjune  tiijhtei's  to  irive  an  ancfler  not  too  fastidious 
a  very  satisfa<'tory  ))attle.     These  two  spt^cies  mii(ht  justh'  be  classed  as  game  fishes. 

In  northern  lakes  and  streams  the  bullhead  or  hornpout  do<»s  not  always  seem  to 
!)e  >o  wily  a^  the  Mmth<»rn  cat-fishes  were  usually  during  the  daytime.  Although 
the  Ix^st  time  to  angle  for  h(»rnpout  is  alM)ut  dusk  or  after  dark,  they  are  not  infre- 
quently caught  in  the  daytime,  nuich  to  the  annoyance  of  the  "•  still  fisher"  for  black 
!>ass.  pickerel,  and  other  fishes.  When  hornpouts  In^gin  to  bite,  if  other  fish  are 
desin»d,  it  is  necessjirv  to  seek  another  In^rth.  Thev  will  take  live-fish  or  dead-fish 
Imit  or  frogs  with  e<jmil  re:idines<.  If,  however,  hornpouts  are  wanted,  angleworms 
are  the  l>est  bait. 

Sp^iirh-*tiftn/j  liuhits.  —  Dean  has  referred  to  the  fish-egg-eating  propensity  of 
AiHtninat  i^hnlnMus^mul  to  show  that  this  sj>ecies  is  not  alone  in  this  ovivorous  habit 
it  may  lie  stated  that  on  the  Potomac  Kiver  a  seine  haul  was  estimated  to  contain 
about  lo.iMMi  cat-fish  (.l/////'///*'/.v //////.v  iind  Ann  Juru^  nrhnlftsths),  A  large  number  of 
these  fish  were  opened  and  their  >tomach  contents  examined.  They  were  found  to 
have  lH*en  fc»e<ling  almost  cxclu>iv«dy  up<iii  herring  (/*////////^///x)  ("^^i^^  to  such  an  extent 
that  their  st(mia<hs  were  dist<'n(h*d  with  the  ejriTs.  Mr.  Harron,  at  whose  fishervthis 
ol)sen'ation  wiln  made,  told  the  writer  that  althouiri»  these  Jarsre  hauls  were  not  fn*- 
quent,  (M-casionally  much  larger  ones  were  ma<lc.  In  AllM^marle  S>und.  during  one 
shad  season,  the  writer  frequently  found  cat-fish  full  of  >had  ro<»,  but  cjit-fish  were  not 
abundant  at  this  time.      It  i>  obviou>.  then,  that  cat-fishes  are  verv  destructive  to  the 

i^jfir<,  of  other  sjM^cies. 

Tnder  the  heading  "Sjilmon  not  injured  by  cat-fish."  in  the  Bulletin  of  the  U.  S. 
Fish  C'ommi>sion  for  I-v^T.  iwige  ."»♦^  Mr.  Ifonice  I>unn  makes  the  statement: 

Wnnl  \\aL<  jronc  *a\\  that  i-at-li^li  Ijav**  l»^*n  taken  in  Suisnn  I»ay  [California]  whose  Htoniachs 
were  full  of  youn;:  1\A\  and  sahiion  s|ta\vn.  rjMin  tliis  Mateinent  the  ery  ha?  ]»e«Mi  nia^ie  that  the  cat- 
tish were  <lestroyinj:  In^th  j*|»a\vn  an«l  youn^r  sahnon.  The  fa4t.<  of  tlie  i-ast*  are  that  the  t-at-lish  wen* 
rauifht  in  the  vicinity  of  a  salmon  ("inntTv.  and  that  the  r*}tawn  wa.«t  anions  the  tish  offal  thrrtwn  intr» 
the  liiiy.  and  the  y«»nnjrlish  wen*  *'split-tails**  and  not  valua'hle  for  ftMnl  iiurfx>s<*s. 

The  facts  of  the  case  sis  stated  do  not  prove  that  cat-fish  may  not  l)e  injurious  to 
salmon.  The  chances  are  that  if  they  would  eat  ssilmon  spawn  as  offal,  and  living 
"V^plit-tails."  they  would  eat  naturally  deposited  s|)awn  and  young  sjdmon  of  the 
''split-tail"  size  if  they  had  access  to  them. 

Dr.  Hugh  M.  Smith  sjiys  (Bull.  T.  S.  F.  (\  lv.C>,  p.  H,s7): 

The  i-at-lwh  have  a  reputation  anions  tlie  California  tishennen  of  Ijein^r  lar;re  ci)nsiin)er9  of  fr\' 
and  eg^r?  of  »^hnon,  sturgeon,  shad,  and  <ither  fishes.  This  a4*cords  with  their  known  ha1>it*«  in  other 
waten*.     Mr.  Alexander^  examination,  however,  of  the  e<tntent.>4  <»f  t>everal  hundred  stoinai'hi)  of  oat- 
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fiHh  in  C-alifornia  and  Orej^on  yiehlwl  only  nc-gative  ri'iJultA  bh  to  the  presence  of  young  finh  and  ova. 
Writing  of  the  liullhcad  in  Clear  I^ke.  California,  .Ionian  &  (.Jilliert  nay  that  it  is  extremely  abundant 
and  is  destructive  to  the  npawn  of  other  Pf)CM*ies.  The  Hcarcity  of  the  valuable  »*^cramento  j»en:h  in  that 
lake,  which  they  attribute  to  the  carp,  here  a**  in  the  Sacramento  River,  may  be  partly  due  to  the  more 
numenuiH  cat-fish,  which  fee<l  almf>i4t  exclusively  on  animal  matter. 

Iir<:e<luuj  hahlfn,  -  ProUibly  lo«s  is  actually  known  of  the  brooding  habits  of  most 
of  the  species  of  c^t-tish(»s  than  of  their  other  habits,  yet  observations  have  l)een 
made  upon  two  or  more  sj)ecies  with  sufficicMit  detail  to  warnint  the  assumption  that 
in  the  main  th(»  habits  of  most  s|)ecies  ar(>  essc^ntiall}'  alike.  S[)euking  of  Ictalurua 
punt'fatuM^  Jordan  says  that  it  spawns  in  the  spring,  but  that  its  l)reeding  habits  have 
not  })een  studied.  Mr.  Jones  says  this  sjKH*ies  spawns  when  on(»  year  old,  and  twice 
a  y<*ar  in  May  and  in  S<»ptemb(»r.  In  the  pnMMMling  spring  In*  procured  eight  wild 
I  ones.     After  fe<»ding  them  wt'll  up  to  this  tinu*  (October  :»1),  they  had  spawned  in 

May  and  September  and  filled  his  jxind.     Jle  sjiys  that  th<»y  bike  eare  of  their  own 
young  and  troubh*  no  other  fish. 
*  Ryder  (Bull.  V.  S.  F.  ('.  18s8,  p.  225)  thus  descrilH»s  the  breeding  process  of  a 

])air  of  Potoma<'  channel  <"ats  (Am*  turns  rofux)  in  the  afpiarium  at  Washington: 

A  numlxT  of  lulult  individuals  of  Atm'iurns  nUtitJuH  wen^  bmught  from  the  I\>toma4^  River  to  the 
Armory  l>uildin^  at  the  iiistancti  of  Lieut.  W.  ('.  IJabi-ofk,  W  S.  N.,  and  Colonel  McDonald,  and 
de]M)Hit(><l  in  the  lar^e  tank  a<iuaria  of  that  inntitution  about  the  close  of  th«'  nhad-linhin^^  Bi'a^xm  of 
IHHi^.  One  imv  of  thcjH*  have  nini-e  brcxl  or  Hjiawnnl  in  confinement,  and  thus  aff<»nle<l  the  writer  the 
op|K)rt unity  of  ol»n'rvin^  and  dewribinj^  Home  of  tlie  mon»  intcn'Htinjj  itha.*4es  of  the  development  of 
thin  nin^ular  and  intereHtinjr  family  of  (ish^v.  *  *  *  IIh  habits  of  s}iawnin^  and  i^an*  of  the  youn^ 
an*  probably  (Mtmmon  to  all  th(*  sjK.*4'i«>s  of  tlw^enus,  and  an>  (piite  remarkable,  as  will  ap|H>ar  from 
thr  Hubjoin('<l  arcount. 

On  tlu*  mornin};  of  tlH>  \'M\\  of  .Inly,  a  little  aftrr  10  o'rlork,  we  notice<i  a  mib44  of  whitinh 
i*)S^  in  on(;  of  our  aquaria  inhabited  by  thriM'  adult  s|KM'im(*ns  i>f  Aim'iuniJt  alhithtu^  two  of  which  were 
unmistakably  tli<^  jian-nts  of  the  br<nMl,  fnr  tli*'  n'ibJon  that  they  did  not  jKTmit  the  thinl  one  to 
appHMU'li  near  the  m^u^'s  of  i*^^,  which  one  of  thom  Wiis  watching  vigilantly.  One  of  the  individualH 
renuiined  ronstantly  ov«»r  tlu*  «v>,'s,  a^itatin^;  the  water  over  thrni  with  its  anal,  ventral,  and  {Hvtoral 
tins.  This  on«'.subs4»<juently  prove<l  to  Ik»  thr  male,  not  the  fiMuah',  as  was  at  lirst  sup]N»se4l.  The 
fomale,  aftrr  tlu*  <*;rjrs  w«'re  laid,  sc«*med  to  take  no  further  interest  in  them,  the  whole  duty  of 
renewing;  and  fon-in^r  the  >\at4*r  thniu^h  X\\v  mass  nf  adli«'n>nt  ova  d«*volvin;r  ujmiu  the*  male,  who  wan 
most  assi<luous  in  this  duty  until  the  youn^  had  <*s<'iiiM*<l  fn>m  the  <>)^  mrnd>raiu*s.  During;  all  thiH 
timr,  «»r  alxMit  a  week,  tin' male  was  nevt*r  se-rn  to  alKiudon  his  |N»st,  nor  did  it  st*t»m  that  he  much 
cannl  even  afttTwanIs  to  Icavti  tin*  scene  whrn*  he  had  so  faithfully  labon*<l  to  brinj^  forth  from  the 
<'t^rs  tlu*  bnnwi  left  in  his  <*har;re  by  his  ap|ian*ntly  i':m'h*ss  s|M)Use.  Th«*  male*  measure<l  15  inchc*H  in 
length,  tilt'  female  one-fourth  inrh  m(»re. 

The  ma.*^s  of  ova  deposite«l  ))y  the  feiiiaU*  in  a  eorner  and  at  one  end  of  the  slat4'  lH>tt<im  of  the 
atiuarium  measured  alK>ut  S  inrh(>s  in  lenjrth  and  4  iuehes  in  width,  and  was  nowlien*  mu<'h  over 
one-half  t«»  thre<*-fourths  of  an  ineli  in  thickness.  Tlu*  ova  were  i-overed  over  with  an  adhesive,  but 
n<»t  j^elatinous,  outer  enveloiK-,  s<»  that  they  wen*  adhen*nt  to  the  l>ott(»m  f)f  the  a([uarium  and  to  each 
other  where  tlu'ir  splu'rieal  surfai'es  eame  in  contJict,  and  const** [uently  had  intervenin>r  sjiact*s  f«)r  the 
fn-e*  i>assa^e  of  water,  such  as  w<»ul<l  In- found  in  a  submer^rnl  i>ile  of  shot  or  other  sphericjil  Innlies. 
It  wasevielent  tlmt  the  male  wibs  fi)reinjr  fresh  water  throujrh  this  mass  by  hoverinjf  over  it  and  vibrating 
the  anal,  ventral,  and  j»e<rtoral  tins  rapidly.  Then*  were  prol)ably  2,0(M)  nva  in  the  whole  mass,  &s 
nearlv  as  c(Mild  l>e  e.«*timate<l.  All  of  those*  h*ft  in  the  <*anr  of  the  male  eame  out,  while  one-half  <if  the 
mass  which  lu>  had  <letaelu*«l  fn»ii)  the  iMittom  of  the  atiuarium  on  the  third  day,  during  some  of  hin 
vijjorous  efforts  at  chan^in^  the  water,  were  transferreil  to  another  a<|uanum,  supplit'd  with  running 
water,  and  h'ft  to  thems«'lves.  Th«»s<*  whieh  wen*  hat<'hed  by  the  artilieial  means  just  de.»*<'rilH*tl  <lid 
n<»t  come  out  as  well  as  those  under  natund  eonditions.  Nearly  oue-half  faih**!  to  hateh,  appan.*ntly 
in'rausi*  they  were  not  a^itat4>d  so  as  to  fon'e  fn'sh  water  amou;;  them  and  kept  ch-an  by  the  attention 
of  the  male  (Anrnt.     *    ♦    ♦     When  lirst  hatched,  on  the  sixth  to  eighth  day,  the  youn^  exhibited 
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a  tendency  to  bank  np  or  nchool  together  like  young  salmon.  They  also,  like  young  salmon,  tended 
to  face  or  .«wim  against  the  current  in  the  aiiuarium,  a  habit  common,  in  fact,  t4)  mos^  young  fishes 
re<-ently  hatches  1.     ♦    *    * 

On  the  fifteenth  <lay  after  ovijKjsture  it  was?  found  that  they  wouM  fee<l.  While  debating  what 
we  should  provide  for  them,  Mr.  J.  K.  Brown  threw  some  pieces  <»f  frej*h  liver  into  the  aquarium, 
whi<"h  they  devoun^l  with  avidity.  It  was  now  evident  that  they  were  pn^vidtnl  with  teeth,  as  they 
would  pull  and  tug  at  the  fragments  of  liver  with  the  iin»st  dogge<l  i>eri»everan<v  and  apparent  ferocity. 
This  exi>eriment  showe<l  that  the  right  kind  of  Uhh\  had  l)een  supplie<l,  an<l,  a«  they  have  up  to  this 
time  (August)  Ix^en  fed  u|M>n  nothintr  else,  without  our  losing  a  single  one,  nothing  mort*  seems  to  l)e 
re<juire<l  with  whi<'h  to  fee<l  them. 

It  is  worthy  oi  note  that  when  pie^t^s  of  liver  were  thrown  into  the  a(|uarium  the  parent  fishes 
would  apparently  <^>ften  swallow  them,  with  numl)ers  of  young  ones  eating  at  and  hanging  to  the 
fragments.  I  was  soon  agrei^-altly  surj>ri.<e<l  to  fintl  that  the  i>ari*nt  fishes  seeme<l  to  swallow  only  the 
meat,  and  that  they  invariably  ejecte<l  the  young  fish  from  tin*  mouth  ijuite  uninjure<l,  the  parent  fish 
seeming  to  Ik*  able  to  discriminate  instinctively.  l>eforc'  tleglutition  rK-curre*!,  l>etween  what  were  its 
proper  food  and  what  were  its  own  young.  As  soon  as  the  young  l)egan  to  feed  they  commenced  to 
disperse  through  the  water  and  all  parts  of  the  aquarium,  and  to  manifest  less  desire  to  congregate  in 
8<*ho*)b»  near  the  male,  who  also  al>ate<l  his  habit  of  fanning  the  young  with  his  fins,  as  was  his  wont 
during  the  early  phases  of  development. 

Regarding  the  breeding  habits  of  Ain*'iimiJ<  mhiiUfsu^,  Dean  (loc.  cit.)  says: 

In  breeding  habits  the  cat-fish  still  maintains  its  reputation  for  hardiness.  It  spawns  rapidly, 
even  when  transferre<l  to  atjuaria.  The  eggs  are  <»ne-eighth  inch  in  diameter  and  are  atlhesive, 
reminding  one  somewhat  of  fn>g  sjMiwn.  The  mass  is  dejMisiteil  in  shallows  where  the  bottom  is 
suflSciently  hard  to  supiK>rt  its  weight.  The  <langer  to  the  egg  occasione<l  by  stagnancy  or  muddiness 
of  the  water  is  carefully  pn>vide<J  for:  the  male,  standing  guanl,  fonxrs  the  water  slowly  through  them. 
In  some  of  the  s^mtheni  si>e<*i€»s,  for  ihomugh  aeration,  the  male  turns  to  account  the  o[»eration  of 
breathing,  filling  the  Ittu-k  of  the  mouth  often  so  full  <»f  eggs  that  the  whole  face  and  throat  are 
distende<l.  In  the  neigh lH)rho<Hl  of  New  York  the  sjwiwning  sea.*»on  is  in  the  early  part  of  April,  and 
api)ears  to  last  alniut  a  fortnight.  Towanl  the  latter  jtart  of  the  month  the  females  go  into  deeper 
water.     At  this  .**ea.«on  (Central  Park )  of  a  dozen  tish  caught,  ten  pn>veil  to  l>e  males. 

A  similarity  of  hreodinjr  habits  in  Ai/n inrnx  /trlmJnstts  und  AnttiuniA  catax  is 
shown  b}'  comparing  the  observations"  presented  in  a  i)jii)er  by  Dr.  H.  M.  Smith  to 
the  Americjin  As.^iociation  for  the  Advancement  of  S'ience  and  a  notice''  of  which 
appears  in  Science  (February  18.  liHK-J,  243)  with  tlie  preceding  nn'ord  of  Dr.  Ryder. 
Dr.  Smith  observed: 

A  pair  of  fish  fn»m  the  Potomac  River  in  the  Fish  Commission  aquarium  at  Washington  mcuif 
n  UfM  on  Jtt/if  .i,'  HH)2,  by  removing  in  their  mouths  upwanls  of  a  gallon  of  gravel  from  one  end 
ff  the  duiky  lenr'nuj  tfu-  idntf  futftoin  fmre.  (hi  Jnhj  .7  n1nmt  2/HfO  'i/'j",  in  four  ttefMir^tie  ngglutinated 
cluster?,  were  <leiM>site<l  l»etwe<'n  10  nml  11  n.  lu.  on  the  scrupulously  clean  Ixittom.  \inety-nine per 
rrnt  hatrhetl  in  fire  flu  If  f<  in  A  nii.'nn  water  temjierature  of  77^^  F.  The  young  n^naineil  on  the  l)ott4>m 
in  denjtt'  inaxstA  until  (S  <lays  ol<l,  when  they  began  to  swim,  at  first  rising  vertically  a  few  inches  and 
inmiediately  falling  l»ack.  By  the  en<l  of  the  seventh  <lay  they  were  swimming  actively,  and  most  of 
them  oMerted  in  a  nrhtj<d  just  l)eneath  the  surface,  where  they  remained!  for  two  days,  afterwards  scat- 
tering. They  first  ate  finely  ground  liver  on  the  sixth,  and  fed  ravenmisly  after  the  eighth  day.  The 
fish  were  4  mm.  long  when  hatchiHl,  and  grew  rapidly,  s^>me  being  IS  mm.  long  on  the  eleventh  day,  and 
at  the  en<i  of  two  months  their  average  length  was  50  mm.  Both  jvarents  were  very  zealous  in  caring 
for  the  eggs,  keeping  them  nf/itntid  nmittantlf/  by  n  gentle  fanning  nuAion  of  the  loirtr  fiw^.     The  most  striking 

'•See  also  Obi>ervation««  on  xhv  Bn-eding  Habits  <A  Ameiurus  nebulotsu-s.    l>octor  A.  C.  Eyeleshymer.     tThc  American 
Natumlist,  November,  IWl.  yil.i 

b  For  the  Ci>mplete  ai*oount  see  Bree<linK  Habits  of  the  Yellow  Cat-fish.    Hugh  M.  Smith  and  L.  <i.  Hairon.    ( V.  S.  F.  C 
Bull..  IWiI.  I.'VI-IM.) 

<*  ItalioH  bv  the  writer  to  show  close  similarity  t«>  Rvder's  obttervationa. 
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act  in  the  rare  of  thiu^ggs  was  the  surkinj>:of  theojrj^  inasst».s  into  the  mouth  and  the  ])h)wing  of  them  out 
with  w>me  force.  Tht^  fanning  an<l  mouthing:  opi-nitions  w(Te  eontimied  with  the  fry  until  they  swam 
freely,  wlien  the  care  of  the  young  may  1k»  8ai<l  to  have  eea>4e<l.  During  the  firnt  few  days  after  hatch- 
ing, the  fry,  hanked  in  the  eomern  of  the  tank,  were  at  irregular  intervals  actively  stirred  hy  the  harbels 
of  the  jttirenti*,  uanaflt/  the  uuih-.  The  pre<la<*eons  ftH»(ling  hahits  of  the  old  fish  f;radually  overcame  the 
iwn^ntal  instinct;  the  tendenry  to  suck  the  fry  into  their  mouths  continue<l,  and  tlie  inchnation  to 
spit  them  out  diminished,  so  that  the  nund>er  of  young  <lwindled  <laily,  and  the  500  that  had  Inien 
left  with  their  partMits  had  completely  disapiH»ared  in  six  w«H»,ks,  although  other  foo<l  was  liberally 
supplied. 

In  Sehag'o  Lake,  Maine,  in  a  shallow,  sandy  pool,  on  July  0,  tho  writer  observed 
one  cat-fish  (Aiminrtis  nrhi(lo.sni<)^  st^x  undeterniinc^d,  with  a  brood  of  younf^  thickly 
clustering  under  it,  in  the  manner  previously  descril>ed.  From  Dr.  Smith's  obser- 
vations, they  mi|jfht  have  been  S  or  lo  days  old;  from  Dr.  Ryder's,  at>out  15  days  of 
age.  They  W(Me  about  1:^  nun.  long.  The  development  doubtless  wouhl  l)e  some- 
what retardiul  in  th<'  cooler  waters  of  this  mon*  northern  latitude. 

Introdui'flo)i  Info  ofh^r  irafrrx, — Several  species  of  cat-fish  have  been  successfully^ 
introduced  into  new  waters  in  the  United  States,  and  attempts  have  been  made  to 
provide  some  European  waters  with  American  cat  fish,  with  imcertain  results,  how- 
ever. A  detailed  account  of  the  n'sults  of  the  attempts  to  acclimatize  c4it-fishes  in 
the  Pacific  St^ites  mav  b(»  found  in  the  Bulh^tin  of  the  U.  S.  Fish  Commission  for 
1895,  37l>.  The  cat-fishes  handh^d  were  Ainftunix  mhulosus^  Aineluntx  attm^  and 
IctahivK^s  ptinrUifuH,  In  California  the  cat-fishes  have  become  ver}"  abundant  and 
widelv  distributed.  In  th(»  lower  (Columbia  and  Willamette  rivers  thevare  also  very 
numerous.  In  1884  ten  individuals,  presumably  vly//<V///v/.v  <'v////x  or  7/<'/>*///>^^/.v,  were 
tninsferred  from  the  Potomac  to  tlu»  ( -olonido  River  in  Arizona  (Hull.  U.  S.  F.  C.  1884, 
212).  Tlu»  shipment  consisted  at  first  of  loo.  only  lO  of  which  survived  the  journey. 
Their  stitus  in  those  waters  at  the*  present  time  is  unknown.  Some  spotted  cats 
{Ictalnrui<  j)finrfittnH)  have  been  placed  in  the  Potomac,  of  which  species  one  or  two 
now  and  then  make  their  ap])earance  in  the  <'atches  of  the  fishermen. 

A  number  of  years  ago.  at  difl'enMit  times,  small  consignments  of  Avieiurus 
))ehu1oHifx  were  sent  to  Europe.  Th(*y  survives!  tninsportation  very  well  and  the  last 
accessible  records  show  that  they  contiiua»d  to  do  well  after  reaching  their  destina- 
tions.    What  the  ultimate  results  hav(^  been  the  wrijier  has  be(»n  unable  to  ascertain. 

Available  records  of  shipments  of  young  cat-fish  (Ann'iurni<  nthnlofniii)  to  Europe 
give  the  following  data: 

Nov.  15,  1S84. — Oue  hundre<l  were  shipinnl  to  <ih<Mit  ami  <»u  the  l^Hth  of  Novendn^r  95  were  received. 

Julv     7,  IHST). — Thirtv  neut  to  Anisterdanj. 

.Tune  1(),  188»i. — Fifty  8hij)ped,  and  later  4'.)  were  re<iMve<l  in  (iennany. 

,7uly  IS,  lKSr>. — One  hundred  sent  to  Fnmce.  an<l  HI  were  remvt'd  in  good  condition. 

June  20,  ISSo. — Fifty  i'onsijrned  to  Knghind,and  48  were  received  in  goo<l  condition  at  South  Kensington. 

Th<*  latest  information  possessiul  by  the  writer  regarding  any  of  these  plants  is 
found  in  early  l)ulletins  of  the  Fish  Commission.  The  following  is  (pioted  from  the 
Bulletin  for  ISSO,  lOT-llK): 

The  lirst  practical  attt^nipt  in  this  direction  wiu^  made  in  r>elgiuni.  Mr.  Thomas  Wilson,  United 
Statt^H  consul  at  (ihent,  first  su;J^ested  pla<*ing  cat-lish  in  the  Scheldt,  a  river  which,  owing  to  tlie  large 
nundK-r  of  fa<'torieson  its  hanks,  does  not  c<nitain  many  (ish.  It  was  presumed  that  the  cat-fish  would 
Ik^  particularly  adapt^'d  to  th<^  river  Scheldt,  Ijecause  it  lia<l  Ihh^u  sutficieutly  prove<l  in  America  tliat 


HABITS    OF    SOMK    Ob'    THK    COMMERCIAL    CAT-FISHES.  409 

thi3  (ish  13  not  niucli  affe<^te<l  ])v  tin*  refu«^  from  faitorie>«.  After  ('(msnltinjr  with  Prof.  S|)encer  F. 
Bainl,  100  you n^  <^t-fish  arrivtMl  at  Antwerp  in  NuveniU'r,  ISM.  By  the  a<lvi<t»  of  Proft»ssor  Bairtl, 
thej^e  Vfninp  cat-fish  were  not  irnnjetliately  |»laee<l  in  tlie  river,  hut  first  in  th«*  larjjre  hasins  of  the  larpe 
atjuariuni.  It  is  only  alter  th(*Si'  fish  have  reaehe<l  maturity  in  the  aquarium  an<i  liave  sjawneil  there 
that  the  young  jreneration  shouM  he  transfi'mHl  to  tlie  river.  This  was  done.  an«l  the  young  cat-fish 
rtH'eivtMl  from  America  have  provisionally  In^en  placed  partly  in  a  small  iH>nd  in  the  Botanical  <ianlen 
at  (ihent,  and  partly  in  the  Victoria  Kegia  hasin  in  the  same  garden.  The  >ele<tion  of  the  last  pla<*e 
we  do  not  cousitler  fortnnati',  a*^  the  temperaluri'  at  the  water  in  this  ha.<in  is  <ertainly  much  too  high 
for  these*  fish.  .\t  present  there  are  in  the  Amsterdam  a<juarium  4'»  <at-lish,  hrouizht  direct  from  New 
York  and  plac(*<l  in  a  spe«-ial  hasin  with  the  ho|K'  that  they  will  reach  maturity  and  propagate  their 
sjHK-ies.     At  pres«'nt  the>e  lish  n>e;L<tire  from  4  to^i  inches  loU'j. 

In  the  stime  huUotin,  on  ]m^o  i:j.s.  appojiis  the  followinjr,  hy  Dr.  Joussot  de 
Bellesine,  on  the  American  cat-fish  in  the  Trocach'^n)  A<|iiariiun  of  Paris: 

These  fish,  which  mea.-ure<l  12  cm.  i  ah«iut  4]  inches)  in  lengtli,  were,  in  the  U-giiining,  owing  to 
their  small  size,  placcil  in  one  of  tin*  tanks  for  young  fish  in  the  aquarium  an<l  nmaint^l  tliere  till 
XovemlR-r,  ISST*,  when  they  were  jmt  in  the  lar*:e  hasin,  Nf».  <i. 

They  were  first  fed  with  raw  meat,  hut  as  they  did  not  seem  to  take  very  well  to  this  kind  of  food 
they  were  ftMj  on  raw  fish  chopjKHl  tine,  which  they  appeared  to  lik»\  As  s<M»n  a.*»  they  were  tran»- 
fern^l  to  the  large  hasin  they  were  fe<l  on  live  fish. 

The  water  at  the  disf>osal  of  the  aciiarium  is  that  which  comes  from  the  Vanne,  whosi'  temf)erature 
is  15°  C.  (oW^^  F.  I  in  .Vugust  and  1*^  ('.  (4s.-j=>  F.  i  in  l)eceml»er.  It  is  hardly  prolahle  that  this  tem- 
perature is  sufficiently  high  for  the  repnMluction  of  the  cat-lish.  At  any  rat<',  those  •whiih  we  have  in 
our  aquarium,  no  matter  to  what  variety  they  Ix'long,  have  never  si»iiwned. 

When  the  .\mericau  cat-fish  were  transfern*d  to  basin  No.  <»  they  wen*  all  alive  and  well,  although 
they  had  not  grown  i>erceptihly.  Since  that  time  none  of  them  have  diiMl,  as  far  :i.<  we  have  lieen 
able  to  ol)serve,  for  tlu»se  fish  have  a  habit  of  kc*eping  in  their  holes  and  never  comin;;  out  <luring  the 
dav,  so  that  thev  are  hanllv  ever  seen.  In  ba.^in  No.  1  we  ha«l  some  of  consi<lerable  size,  and  in  onler 
to  assure  ourselves  of  their  existence  it  InMiime  necessary  to  empty  the  basin  and  carefully  search  for 
them  at  the  lH»ttom  U-twe^-n  tlu' nuks.  Kven  then  we  did  n«»t  always  suc<'ee«l  in  finding  them.  I 
have,  therefore,  n  a.««on  to  U-Iievc  that  seven  cat-lish  which  tin*  .Vcrlimatiz.;itiori  Stniety  luis  given  uh 
are  still  in  existen*-**,  and  the  lir>t  time  tin*  basin  is  empti»*«l  1  \\ill  search  for  them  airain  in  r)riler  to 
make  sure. 

Cattish  are  preeminently  a  poor  man's  M\.  11ic\-  not  only  afford  him  a  cheap 
food-tish.  hilt  become  •so  abundant  in  time  and  there  is  so  mucli  d<Mnand  for  thoni 
that  they  afford  a  payino-  industry,  notwithstanditi*''  their  cheapness.  Tlioy  may  he 
misod  in  artificial  i>onds  or  in  jionds  unsuited  to  other  ti^h.  They  propafpitc  rapidl\' 
and  prolitically  and  «jrro\v  fa*<t.  Therefore  tluM'e  can  Im'  no  objection  to  the  introduc- 
tion of  them  into  waters  nnsiiitcd  to  other  fishes  or  in  which  otiier  fishes  do  not  occur, 
provided  there  is  no  dan^rer  of  escape  int<»  waters  where  they  would  prove  an  unde- 
sirable ac(piisition  owino-  to  the  objectionable*  characters  already  cmimerated.  The 
past  attempts  to  introduce  them  into  Kuroj>can  waters,  from  the  records  cited,  would 
seem  hardly  extensive  enouo-h  to  prove  their  adaptability  or  unsuitability  to  those 
waters 


tM. 


#C 


1 


I 


"Si  ■ 


•  r  -  ♦. 


il.l1  hi;'*:.  Air  j.ii.iiiuU'.  Th.  nr-^jii 
A  ..liH^i  .■!  III!'  1U'.irr~  1>1<K«I  ct.,  l>r,H 
Icm-iicyl.-.    Alk.iliiu-  ninhyk'ii.'  I.lm-. 


vDr.  EminK.  f. 


A  MORI:  COMrLHTH  DHSCKIITION  OF  lUaHRIl'M  TRUn.-E 


Bv  M.   C.   MARSH. 
.-Issis/iiP//.  f  '.  S.  Fish  C  otfimission. 


The  oriranisin  here  (los4rilH*(l  was  ohtainrd  from  the  blcxxl  of  diseased  lirook 
trout  at  a  station  of  the  U.  S.  Fish  Commission,  at  Northville.  Mich.,  during  the 
>ummer  of  llHil.  and  is  the  specific  cjiu^e  of  the  disea>e.  The  name  and  preliminary 
characterization  ap|x»ared  in  Sdntr*,'^ 

It  is  a  pleomorphic  form  whicli  a^<umes  on  nutrient  agar-agar  its  simplest  stage, 
that  of  a  sphericjil  or  suhsphericjil  micrococcus,  with  <M*c;t*<ional  forms  that  are  greater 
in  one  dimension.  The  strictly  sphcri<-al  forms  are  of  an  average  diameter  of  0.71;/, 
with  extremes  of  0.5  to  l.n/^  which  are  comjxinitively  rare.  Microscopically  the 
iield  gives  the  impression  of  coct-i.  hut  Inicillary  individuals  are  fre<|uent  and  reach 
a  maximum  length  of  1. .">//.  In  liquid  mi^dia,  and  in  liquefying  gelatin  and  blood 
serum,  it  has  the  form  of  a  bacillus,  and  tht'  microscopical  fieUl  gives  distinctly  the 
impression  of  Ixicilli.  whili'  occasional  spbcri<*:il  forms  are  intenningled.  In  lK)uillon 
tht»  predominating  r<Hl>  are  of  a  length  from  that  of  the  diameter  of  a  coccus  up  to  a 
maximum  of  'l.'.\hn.  and  <».4^  to  n.s:;/^  wide.  Tht»  arrangement  is  frequently  as 
diplobacilli.  Many  of  the  single  rod-s  sliow  a  slight  <-on*^triction  indicating  their 
seiKiration  into  eoi-ri.  while  manv  trive  no  ^\m\\  whatever  of  >uch  a  structure.  A  few 
of  the  lontr«»r  forni>  are  >li^htlv  eurved. 

In  the  blood  and  loral  lesions  of  its  ho>t,  tin*  oriranism  i^  in  wnend  somewhat 
larger  than  when  growing  on  artiti<'ial  media,  an<l  apjK'ars  <li<tinctly  as  a  Imcillus  with 
(K-cji-sional  scattered  <-ocei.  Thev  trpow  out  infretiuentlv  into  tilament>  of  a  maximum 
leuiTtli  of  ♦*»  u.  but  th»»  in<iividual>  av«'m<re  nuich  le>s.  and  mav  Ih^  not  longer  than  the 
diam«»t«»r  of  a  c<K*eus,  and  of  a  width  In'tween  '».r>;<  and  I.<>/^  with  rounded  ends. 
When  the  bl<MKl  or  the  contents  of  the  local  lesions  are  plated  u|>on  agsir,  the  resulting 
colonies  are  alike  and  the  plate  <-ontains  apimrently  a  pure  culture.  All  the  colonies 
are  com|>osed  chiefly  of  co<ci.  which  when  tninsfern^l  to  l>ouillon  are  transformed 
into  a  culture  chiefly  of  ap{Kirent  bacilli  by  the  next  day,  or  when  inoculated  into 
trout  repro<luce  the  disi»ase  and  are  found  in  the  blo<xl  and  lesions  as  l>acilli.  This 
pleomorphism  i^  one  of  the  mo>t  interoting  characters  of  the  species,  and  repeated 
efforts  failed  to  reduce  it  to  a  constant  form.  The  considenible  variation  in  mor- 
phology in  a  single  eulture  can  not  Im'  removed  by  n»i>eated  plating,  and  such  cul- 
tures are  evidently  pure,  notwith>tanding  the  variety  in  the  form  of  the  individuiils 
which  thev  cont<iin. 
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The  or^jinisiii  does  not  form  spores,  and  a  cjipsule  has  not  been  demonstrated. 
Old  cultures  show  no  markcnl  chanjro  in  the  form  of  the  orgfanism. 

Stain huf  rfncflfotM, — It  stains  readily  l)V  the  ordinary  aniline  dyes  in  aqueous 
solution.  Thionin  and  m(»thtlene  hlue  giye  exec^llent  results.  Unstained  areas 
are  occasional,  hut  not  ])articularly  characteristic.  The  rea(!tion  with  Gram's  sbiin 
is  not  of  nmch  yalue.  It  stains  faintly  hy  this  method,  hut  iilms  sUiincd  for  thirty 
seconds  in  aniline-jf(»ntian-yiolet  will  r«»tain  some  stjiin  after  considenihic  washing  in 
alcohol,  wheth<M*  the  iodine  solution  is  applied  or  not;  so  that  the  ordinary  routine 
of  (iram's  method  is  of  little  yalue  as  indicating  tli<»  a])plical)ility  of  (iraurs  stain  to 
this  organism  as  a  differential  staining  property.  If,  howcyer,  the  gentian  yiolet  is 
applied  instiintaneously  and  then  treated  with  the  iodine  solution,  it  is  seen  tliat  the 
organisms  retain  the  st*iin  aft(»r  the  wjishing  in  alcohol  better  than  control  films 
which  haye  not  been  treated  with  the  iodine.  The  iodine  has  at  least  some  fixing 
power  with  the  gentian  yiolet,  and  th«^  orgjinism  therefon*  stains  by  drain's  mctho<l. 

CnUnrti!  <7////v/r//'/*.v.  — Growth  occurs  in  th(»  ordinary  imtric»nt  media,  luxuriantly 
at  a  titre  neutral  or  +0.5  to  ])henolphthalein;  it  will  not  grow,  or  but  yery  slightly, 
at  +1.5;  at  -0.5  growth  is  inhil)ited,  and  at  —  I.o  to  —1.5  scarcely  occurs.  The  fol- 
lowing descriptions  of  cultun^s  ref(»r  to  mculia  whose  titre  is  +().5  to  phenolphthalein 
unless  otherwise  stnted.  The  media  (Miiployed  wen*  pn»pared  from  ingredients  chem- 
ically pure,  or  as  near  so  as  th(»  market  att'ords.  Unless  otluMwise  stated  herein  the 
procedures''  recommended  to  the  Amc»rican  Public  Health  Asscxiation  by  its  com- 
mittee of  bacteriologists  were  follow(»d  throughout,  saye  that  Liebig's  extract  of 
beef  was  employed  instc^ad  of  fn^sh  meat. 

Bouillon:  A  marked  growth  is  yisible  after  eighteen  hours,  without  i)ellicle  or 
clouding,  but  with  the  sedimenting  white  growth  clinging  to  the  sides  of  the  tul)e. 
After  about  fiy<»  days  a  delicate  int<'rrupted  jM»llicle  may  form,  an<l  numerous  flocculw 
are  distributed  throughout  the  medium,  both  of  which  sink  readily  and  \\\\o\\  the 
slightest  agitation.  Aftei  ten  or  fifteen  days  a  chamcteristic  brown  color  makes  its 
apj>eaninc(»,  ditt'using  throughout  the  me<lium,  and  the  s(»diment  tak<*s  on  a  diity 
brownish  color.     The  color  d(»(»pens  with  age  to  a  dark  iu'own. 

Agar-agar:  On  +1.5  slants  it  scarcely  grows.  After  twelye  days  a  slight 
nuiltiplication  is  indicatcMl  by  a  pale  filmy  streak,  yisible  best  when  held  in  the  light 
aipiinst  a  dark  background,  and  which  has  not  increased  after  seyeral  w(»eks.  The 
condensation  water  contains  a  slight  sediment.  No  color  is  produced.  Growths  on 
agar  of  this  titn»  an*  not  suflicient  to  characterize  the  species.  On  +0.5  agar 
mcMhM-ately  abundant  growth  occurs  of  a  grayish-white  color,  which  with  age  becomes 
grayish  brown.  On  usually  the  third  day  a  production  of  a  soluble  pigment 
becomc^s  eyicU*nt,  which  difluses  in  the  nu^dium  and  does  not  reside  in  the  growth 
itself.  It  is  a  reddish-i>rown  shade  and  deepens  gnidually  until  after  two  or  three 
weeks  it  l)ecomes  a  yery  dark  brown,  and  the  growth  itself  takes  on  a  tinge  of  brown. 
In  an  agar-stab  cultun*  a  growth  of  the  usual  featun»s,  wiih  nothing  particularly 
chanu*t<*risti<',  occurs  throughout  the  line  of  puncture,  and  an  umbilirate  surface 
growth  takes  place  which  is  nearly  cir<»ular  and  n»ach<vs  a  diameter  of  aiK)ut  5  mm. 
in  fiy(*  days.     Very  faint  color  isyisibh*  by  the  third  day,  diffusing  slowly  downward 
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to  a  depth  of  al>oiit  2  nii.  in  seventeen  days,  fadiiijr  jifradually  into  the  pale  agar. 
The  surface*  growth  takes  on  a  brownish  eolor. 

Agar  plate  surface  colonies  are  round,  slightly  convex,  the  outline  well  detined. 
Microscopically  they  are  granular,  and  when  more  than  two  days  old  the  deep  colo- 
nies and  the  surface  colonies  near  the  center  heconie  gruniose.  The  edge  of  young 
colonies  is  slightly  erose,  l)ut  usually  heconies  entire  or  rarely  hroadly  undulate. 
Well-develo|)ed  colonies  are  translucent  and  yellowish  under  the  nii<*ro.sco|>e  by 
transmitted  liirht.  Plates  of  al)Out  4o«>  colonies  have,  after  two  davs,surfa<*e  colonies 
about  <».r>>s  mm.  in  diami^ter;  after  live  davs  o.n;>  nun.,  and  then  increase  but  little. 
Plates  of  :^oU  colonies  have  U.r>4  mm.  >urfact'  colonies  in  one  day;  and  plates  of 
about  "20  coloni<*s  have  o..^o  mm.  surface*  colonies  in  two  davs,  and  after  al)out  one 
week  the>e  reach  3  mm.  and  cease*  to  increa>e.  Plates  crowded  with  colonies  are 
tinged  with  the  brown  color  on  the  second  da  v. 

Gelatine:  In  ^l,o  gelatine  there  is  prolmbly  a  very  slight  multiplication,  the 
line  of  puncture  >howing  a  slight  growth  like  a  nonliejuefying  orgsmism.  No  visible 
surface  growth  occurs  and  no  evident  liquefaction.  In  +0.5  g(*latine  abundant 
growth  and  li<|uefaction  take  pla<*e.  The  latter  at  tirst  is  either  cniterifonii  or 
funnelform,  but  may  finally  U'come*  >tratiform,  reaching  the  walls  of  the  tulK*  and 
extending  down  horizontally.  ()<-casionally  the  lower  end  of  the  stab  liepieties  faster 
than  the  |x>rtions  above  it  and  priKluces  a  terminal  siic  of  liquefaction,  (lelatine 
plate  cultures  liepiefy  nipidly. 

Blo<xl  serum:  BIockI  serum  is  li<|uetied;  a  streak  culture  on  solid  serum  results 
in  a  visible  growth  in  eighteen  hours.  On  the  second  day  evident  liijuefaction  has 
occurred,  a  >hall(»w  groove  without  shar])ly  detined  edges  having  forme<l,  the  growth 
sedimented  on  the  bottom  and  collected  at  the  f(K)t  of  the  slant  with  the  licpiefied 
serum.  After  thn'c  or  four  dav--  there  i-  a  marked  brown  <olor.  and  the  slanted 
l)orti4>n  of  the  >«'rum  i--  rapidly  liquefying.  After  alK)ut  eleven  <lays  the  growth 
lji*conu»s  slow  and  the  coloi*  v«*rv  dark  brown,  nnich  daiker  than  in  old  agjir  cultures. 

potato:  On  ordinary  a<*id  potato  no  giowtli  occurs.  ( )n  jxitato  boile<l  in  a 
known  quantity  of  distilled  water,  which  is  then  titrated  and  neutralized  to  phenol- 
phthalein  and  the  iH)tato  boiled  in  it  ag:iin.  there  i>i  a  very  slight  growth.  It  becomes 
visible*  on  the  third  day  tuid  appe'ars  as  a  faint  and  scanty  growth  of  white,  which  is 
not  elevated  alx)ve  the*  surface*  of  the  potato.  It  does  not  increase*  after  four  or  five 
days  and  never  produce^  ee)le)r. 

Milk:  It  grows  abunelanlly  in  milk  and  d<M*>  not  cause  coagulatie)n.  The*  reac- 
tion is  unchanged  or  bece)me's  slightly  ae-id.  The*  milk  is  |)e*ptonizeMl  anel  lM*comes 
fairly  clear  in  from  one  to  two  we*ek>.  and  pe*pton  may  l>e  eletee-ted  in  the  liejuid. 

Dunham's  pepton  solutie)n:  The*  growth  re\^emble>  that  in  lH)uillon,  but  prex'eeds 
more  slowly.  The  chanicteristic  pigme*nt  l»i*gins  to  be  evident  after  alMuit  three 
weeks.  The  cultures  tested  ifave*  the  nitroso-inde^l  renie-tion  e)n  acce>unt  of  indol 
present  in  the  i>epton.  The  e)rganism  doe*s  ne)t  preKlue-e*  in<lol.  In  nuidiamV  |R*pton 
solution  containing  rosolic  acid  a  de*eiK*ning  of  the*  pink  color  after  alM>ut  twej  weeks 
indicates  the  production  of  alkali. 

Tttnpcratfjf'c  rdatifms, — The  exact  eiptinumi  was  ne)t  deteniiined,  but  it  is  not  far 
from  the  room  temperature,  or  20  C.  In  the  refrige*rator  at  a  tem|)erature  lK*tween 
3^  and  6^  C.  no  visible  growth  occurs,  but  the  organiMU  is  ne>t  injured:  31    C  inhibits 
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somewhat  the  growth  and  the  human  body  temperature  arrests  it  entirely  and  the 
orji^anism  is  killed  by  an  exposure  to  it  of  seventeen  hours.  The  thermal  death  point 
is  therefore  low.  For  lK)uillon  cultures  it  lies  between  42  C  and  43  '  C.  during  an 
exix>sure  of  ten  minutes. 

MahUiti/  on  inedlft. — A  culture  on  a  sealed  agar  slant  was  still  alive  at  the  end  of 
seven  months.  Uix)n  transfer,  however,  it  grew  more  slowly  than  ordinary  cultur(>s, 
and  the  pigment  did  not  appear  until  lx*.tween  the  sixth  and  tenth  day.  On  the 
second  transfer  growth  and  chromogenic  property  were  restored  substantially  to  the 
normal. 

Relation  to  fnu'  oxytjrn, — Agar  plates  in  vacuo,  })y  exhaustion  with  a  Chapman 
,  pump  and  absorption  by  pyrogallic  a(?id  and  caustic;  i>otjisli,  show  after  two  da^'s  ver}' 

I  small  microscopic  (colonics,  while  agar  slants  show  a  slight  growth,  neither  of  which 

increase  after  seveml  days.     No  color  ap|M»ars.     This  incipient  growth  is  probably 
'  due  to  incomplete  absolution  of  oxygen  at  the  beginning  of  the  exiM»riment,  and  the 

I  organism  is  prolwibly  an  obligjite  aerobe. 

j  lAvnondatlini  tratn  tind  protlnrtn  of  ijriKi'fth, — It  d(H»s  not  ferment  the  carliohy- 

i  dnites  glucose,  lactos(»,  or  saccharose.     Cultures  in  I  per  cent  glucosi*  lM>uill()n  acquire 

i  2U]  acidity,  or  an  increase  of  acidity,  of  1.2  [M^r  cent  to  !.♦>  |km'  <'ent  in  tifteen  days,  due 

probably  to  acetic  acid,  and  the  characteristic  brown  color  is  not  developed.    Ijactosc 

and  saccharose  iMuiillon  show  only  a  slight  or  no  development  of  acidity,  while  the 

j  pigment  pnxluction  takes  place  much  as  in  plain  bouillon.     The  acidity  ap^iarently 

breaks  up  or  prevents  th(^  formation  of  the  pigment. 

It  reduces  nitrates  to  nitrites  and  tinallv  to  ammonia.  Seven-dav  cultures  in 
nitrate  broth  contain  l>oth  nitrites  iind  ammonia.  Fortv-dav  cultures  contain  no 
nitrite,  but  give  a  strong  test  for  ammonia.  It  dcwvs  not  prcxluce  indol,  ])henol, 
annnonia,  invertin  or  diastatic  fennents. 

"^rhe  characteristic  pigment  is  produced  in  agar,  l>ouillon,  Dunham's  pepton 
solution,  and  blood  serum,  but  not  in  gelatin  or  upon  potato.  It  is  produced  in 
alkaline,  neutral,  and  acid  media,  and  is  inhibited  h\  extremes  of  reaction,  as  the 
growth  itself  of  the  organism  is  inhibited.  The  pigment  is  soluble  in  alcohol''  and 
coloi*s  the  nutrient  m<»Hium  instead  of  the  l«M't<'ria  themselves,  though  with  age  the 
latter  take  on  a  shade  of  the  color  of  tlie  pigment.  In  li(|uid  media  and  in  (crowded 
agar  plates  it  colors  uniformly  the  whole  media,  while  in  agar  tulx\s  the  diffusion  is 
slower,  the  part  nearest  the  growth  having  the  deepest  color,  it  is  produced  at  the 
room  tempemture.  Higher  temperatures  inhibit  the  color  faster  than  they  do  the 
growth.  At  '>Ii  C,  which  retards  slightly  the  growth,  the  color  is  entirely 
inhibited,  at  least  for  a  space  of  four  days.  In  agar  tuln^s  the  color  apjM»ars  cm  the 
third  dav,  on  blood  serum  after  three  or  four  davs,  in  bouillon  after  two  weeks,  and 
in  Dunham's  jn^pton  solution  after  three  weeks. 
Cultures  do  not  have  a  marked  odor. 

Mot  Hit  ij. — The  organism  direct  from  the  blood  or  local  l<\sions  of  the  trout  gives 
no  sign  of  motility  in  the  hanging  drop,  and  its  conduct  in  liquid  media  when  recently 
isolated — a  sedimenting  growth  without  ch>uding — indicates  nonmotility;  but  after 
it  has  remained  for  several  months  on  artificial  media  and  been  repeatedly  transfcMied 
a  change  tak<\s  place  in  its  appearance  in  hanging  drop  and  in  its  growth  in  bouillon. 

"  Dr.  C.  L.  AlblwrK.  Harviinl  MedicHl  S^^hool. 
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The  Brownian  uiovenient  is  more  pronounced,  and  a  somewhat  doubtful  niotii- 
it}'  is  suggested.  Its  behavior  in  Stoddart's  medium  (water,  1  JMM);  tr(»latin,  5:  agar, 
0.5;  salt,  0.5;  pepton,  1)  does  not  give  a  definite  answer  to  the  question  of  motility,  the 
freshly  isolated  culture  spreading  scarcely  beyond  the  point  of  inoculation,  while 
cultures  long  in  the  laboratory  when  planted  extend  beyond  the  original  inoculation, 
yet  do  not  cloud  thoroughly  this  medium.  In  ))ouillon,  however,  a  sliirht  but  dis- 
tinct clouding  of  the  medium  is  observed  in  such  cultures.  A  modification  of  habit 
in  the  line  of  an  approach  toward  motility  is  suggestcnl  by  the  conduct  of  the  organ- 
ism when  newly  taken  from  its  host,  as  compared  with  that  when  long  habituated  to 
ailificial  media.  It  is  to  l>e  remembered  that  it  circulates  with  the  ))lood  of  the  trout 
which  it  attiicks,  and  while  an  active  parasite  in  the  living  trout  probably  has  little 
use  for  the  [xjwer  of  locomotion.  In  artificial  media  the  ability  of  the  individual  to 
change  its  own  position  wimld  )h»  of  value.  An  interesting  question  of  variation  on 
uieilia  in  the  |X)ssible  acquirement  of  motile  }M)wers  is  raised. 

The  crucial  character-  the  prescMice  (»f  Hagella  -has  not  Imhmi  demonstrated. 
Many  attemi)ts,  by  various  nu»thods,  to  stain  tlagc^lla  have  had  negsitive  results,  and 
for  purposes  of  c lass ificiit ion  th<»ir  absence  nmst  be  assum^nl.  For  this  reason  and 
bei^ause  of  the  morphology  in  the  tissues  of  its  host,  which  is  to  be  regarded  as  it,s 
natural  habitat,  the  (»rganism  is  placc^l  in  the  genus  Har(rr!nin  as  limited  by  Migula. 

PalluHji'iu'xix, — It  is  ]mthogenic  to  trout,  and  i)articularly  the  br<x>k  trout  (AV^/- 
velinun  fitntinal U)^  in  which  th(»  dis*»itse  first  appeared.  It  has  also  been  isolated  from 
the  Lo<*h  Leven  {Sahno  trnttn  Itty-mnxix)  in  epidemic,  and  in  a  few  cases  from  lake 
trout  (C rUtlrnint r  nanunjc^ixh).  It  has  l)een  found  thus  far  only  in  domesticated  or 
aquarium  fish  and  has  not  be«*n  s(»en  in  wild  fish  from  the  natiinil  wat<»rs.  Health}* 
brook  trout  succumb  to  the  disease  in  a  few  ilavs,  bv  direct  inoculation,  iKMieath  the 
skin,  into  the  i)eritoneal  cavity,  or  into  the  orbital  ttivity,  and  after  a  longer  time  by 
mixing  cultures  with  their  food,  th(»  orgjinism  recovemble  in  all  cases  from  the  heart 
blood.  Inoculation  into  the  dorsal  lymph  sac  of  a  frog  of  1  |K'r  cent  of  its  IxkIv 
weight  of  a  l)ouillon  culture  was  negative,  the  frog  showing  no  effects.  Trout  dead 
of  the  disease  mav  be  eaten,  after  ordinarv  i(»okinir.  without  ill  effects.  A  cat  has 
habitually  eaten  and  thriven  uiK)n  the  fresh,  unc(H)ked  bodies  of  the  dead  trout,  and 
the  organism  is  probably  not  pathogcMiic  for  any  warm-blooded  animals. 

I II  ns(  rut  inns.  The  colored  illustration  of  the  pigment  in  +o.  .5  agar  cultures  was 
executed  by  Mr.  A.  II.  lijildwin.  The  photomicrographs  are  due  to  the  kindness  of 
Dr.  Erwin  F.  Smith,  who  made  them  in  the  lalmi^atory  of  plant  i>athology  of  the 
United  States  Deiwirtment  of  Agriculture. 


REPORT  OX  COLLFXTIONS  OF  FISHES  MADE  IN  THE  HAWAIIAN  ISLANDS, 

WITH  DESCRIFFIONS  OF  NEW  SPECIES. 


By  OLIVER  P.  JENKINS. 
Professor  of  Physiology.  Leland  Stanford  funior  Uniicrsity. 


The  aciount  here  presented  of  Hshe.s  from  the  Hawaiian  Islands  is  based  mainly 
on  a  lar^e  rolleition  made  by  me  in  the  summer  of  1889,  with  the  help  of  Mr.  George 
C.  Price  and  Mr.  Oscar  Vaiight.  then  students  of  De  Pauw  University.  The  greater 
part  of  the  expenses  of  this  expedition  was  borne  ))y  De  Pauw  University.  This 
collection  contained  140  genera  and  238  species,  of  which  7  genera  and  78  species  are 
thought  to  be  new  to  science. 

The  other  collections  which  have  come  into  mv  hands  for  studv  and  which  have 
also  been  used  as  material  for  this  report  are  as  follows:  A  small  collection,  consist- 
ing of  16  species,  being  the  shore  fishes  taken  by  the  U.  S.  Fish  Commission  steamer 
AlhatrosM  in  1801  at  Honolulu,  durinor  the  Hawaiian  cable  survev  made  bv  that 
vessel;  a  collection  of  18  species  obtained  under  the  direction  of  Dr.  David  Starr 
Jordan  bv  the  Alhafrons  in  181*6.  on  the  return  of  that  vessel  from  the  work  of  the 
Fur-Seal  Conmiission:  a  collection  made  in  18J*8  by  Dr.  Thomas  D.  Wood,  in  the 
making  of  which  Dr.  Woixl  had  the  valuable  as^^istance  of  Mr.  Keleipio,  at  that  time 
inspector  of  the  fish  market  at  Honolulu;  a  small  but  important  collection  sent  to 
Stanford  I'niversity  in  18i»9  by  Dr.  A.  B.  Wood  of  Honolulu;  a  single  specimen 
(Ranzanla  imikmi)  sent  to  Stanford  University  in  I8t^3  by  Mr.  C.  B.  Wilson  of 
Honolulu;  a  collection  made  at  Honolulu  bv  Dr.  Jordan  and  Mr.  Snvder  on  their 
return  from  their  exix^dition  to  Japan  in  IHimi;  and  lastly,  a  small  collection  made  by 
Mr.  Richard  C.  McGregor  in  U^Mj  at  various  points  among  the  islands. 

These  collections,  together  with  my  own,  aggregate  147  genera  and  254  species, 
of  which  7  genera  and  1*8  spin-ies  were  thought  to  l)e  new.  Ik^sides  the  new  species 
here  given  the  list  contains  &1  species  which  are  for  the  tirst  time  noted  from  the 
Hawaiian  Islands,  making  in  all  155  species  added  to  the  known  fish  fauna  of  this 
group. 

In  view  of  the  fact  that  in  the  sunuuers  of  liwil  and  VMyj,  the  U.  S.  Fish  Com- 
mission, under  the  direction  of  Dr.  D»ivid  Starr  Jordan  and  Dr.  Bailon  Warren 
Evermann,  made  extensive  collections  of  both  the  shore  fishes  and  the  deep-sea  forms 
of  the  Hawaiian  group,  and  under  the  direction  of  Dr.  Jordan,  in  the  summer  of 
1902,  an  extensive  collection  of  the  fishes  of  the  Samoan  group  was  made,  thus  adding 
very  considerably  to  the  material  available  for  the  discussion  of  all  (|uestions  pertain- 
ing to  the  fish  fauna  of  this  group  of  islands;  and,  since  the  reports  on  these  expedi- 
tions by  these  eminent  specialists  are  soon  to  appear,  it  would  seem  obviously  unwise 
and  premature  with  the  material  of  m}'  collections  to  enter  on  the  discussion  of  such 
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questions  us  thiit  of  distribution.  In  fju't,  as  extensive  and  rarcfiil  collecting  is 
necessary  in  oth«»r  of  the  Pacitic  island  groups  as  has  In^en  made  in  tht»  Hawaiian  and 
Samoan  groups  to  ]XM-niit  one  to  enter  with  coniidence  on  the  study  of  the  fact«  and 
laws  of  distribution  of  th(»  Pacilic  tishes.  , 

Three  preliminary  papei's  have  already  been  ])ublished  Iwised  on  the  collections 
in  mv  hands." 

Since  the  discovery  of  the  Hawaiian  Islands  )}y  Capt.  Cook  in  177S  there  hav«» 
been  taken,  at  various  tim(»s,  small  collections  of  fishes  from  the  islands.  The* 
accounts  of  some  of  th(»s(*  havi*  been  not<Hl  in  different  pu))lications.  Many  of  thes4; 
earlier-obtained  species  were  dt^scribed  in  the  work  of  Cuvier  &  Valenciennes.  A 
few  of  these  descriptio'is  jire  so  incomplete  as  to  render  it  imix>ssible  to  identify  any 
of  the  s|H»ci*\s  in  my  hands  with  then).  Quoy  cSc  (raimanrs  account  of  the  tishes  in 
Le  Voyage  de  TUranie  and  Bemiett's  accounts  contain  a  number  of  descriptions  of 
new  sjx'cies  of  Hawaiian  lishes. 

The  tishes  recorded  from  the*  Hawaiian  group  up  to  the  time  of  the  ap|)earaneo 
of  Gi'mther's  Catalogue  of  the  Kislu^s;  in  the  British  Museum,  are  fairly  represented 
b>'  the  54  species  accredited  in  that  work  to  the  Hawaiian  Islands,  sevcnil  of  which 
are  there  descrilnHl  as  new  bv  Dr.  (iiinther. 

The  most  im|K)rtant  accounts  of  Hawaiian  fishes  that  have  apfK^ared  since  the 
publication  of  Gunther's  Catalogue*  are  given  below: 

In  the  Proceedinjjfs  of  the  California  Acadomv  of  Sciences  for  the  vear  l8Gv$ 
Andrew  (iarn^tt  descrilxMl  sevenil  new  speci(»s  from  the  Hawaiian  Islands. 

In  l87Ji-ls75  was  published,  in  tin*  Journal  des  Museum  (Jodeffroy,  Andrew 
Garrett's  '•Fisclu*  d(»r  Si'idsee,  bes(»hri«»ben  und  redigirt  von  Albert  C.  L.  (i. 
Giinther."  This  sphMulid  work  contains  repro<luctions  in  colors  of  Garrett's 
IHiintings  of  tishes  made  by  him  through  a  series  of  many  3'ears  s|x»nt  in  the 
Hawaiian  Islands,  the  Society  Islands,  and  in  other  jmrts  of  Polynesia.  This  work 
contains  records  of  50  si)eci(»s  from  th(»  Hawaiian  Islands. 

An  account  of  27  siMvies  from  the  Hawaiian  Islands  is  given  by  Dr.  Giinthcr  in 
the  *'Re]:K)rt  on  the  shore  tishes  procured  during  the  voyage  of  H.  M.  S.  Chulh/ngtr 
in  the  years  lS73-187r>/' 

In  1875  MM.  L.  Vaillant  and  II.  E.  Sauvage,  in  the  Mag.  de  Zool.,  m,  ])p.  278- 
287,  published  as  a  preliminary  report  on  Hawaiian  fishes  collected  by  M.  Ballieu. 
})rief  descriptions  of  IS  species  thought  to  be  new. 

*' Fishes  of  the  Hawaiian  (irou])"  by  Thos.  H.  Streets,  m.  d.,  Bulletin  U.  S. 
Nat.  Museum,  Xo.  7:  Contributions  to  the  Natural  Ilistorv  of  the  Hawaiian  and 
Fanning  islands  and  Lower  California,  pp.  5*1-77,  1877.  This  paj)er  contains  the 
account  of  8J*  s|HM*i(.*s. 

In  liMM)  there  a])peanMl  in  the  Denk.  Acad.  Wiss.  Wien  a  v(*rv  imiKirtant  {MijH^r 
by  Dr.  Steindachner  giving  an  account  of  1»>5  species,  all  but  4  of  which  were 
collected  by  Pr.  Schauinsland  in  the  Hawaiian  Islands  including  Laysjin,  a  small 
island  some  soo  miles  northwest  from  Honolulu.     Hr.  Schauinsland  spent  considerable 

"  iH.'HiTipiiotj  of  }i  iii'w  sin-i'ii's  of  Riiii/iiTiia  fnmi  th»'  Ilawaiian  Islniuls,  l»y  o,  I*.  Jrrikiii^t.  <I*n><'.('nnf.  A<'.Si;.i.,  mi^coikI 
CTM--.  vol.  V.  IM>.'»  (Oct.  :'ih.  |i|».  7TO-7*<l.  witli  4*oliin'«|  pluH'  <  fniiiiis|iircTi. 

h(.>M-riptioiiv  of  iii-w  s|H-cii><  of  ti.vlirs  from  tlic  HtiwiiiuiTi  JsIhihIs  iK'toii^Mii)?  to  the  ftiinllii.'s  of  I^ibridiij  and  ScHriflu'. 
by  Oliver  V.  Jviikiiis.      .Bull.  V.  s.  Kisli  Comiii.  for  isw  (Ann.  :.a».  r.MM.  pp.  1^  C'l. 

D«'«-riptioiis  of  lUiri'ii  iH'vv  .•»pri'k«.-  of  iislics  fn»iu  the  HuwuiiHii  Ulaixds,  hy  Oliver  P.  JcMlkiIl^.  <Bnll.  T.  S  Fish 
Coiiim.  for  IVW  (June  ^  IWl  j,  pp.  3«>-l(H. 
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time  on  Lay.san  studying  the  Hora  and  fauna  of  that  island.     Four  of  the  species  in  this 
list  were  not  taken  in  the  Hawaiian  group,  and  27  were  taken  from  L4iysan  only. 

In  the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  for  190<), 
Mr.  Henry  W.  Fowler,  under  the  caption,  ''Contributions  to  the  Ichthyology  of  the 
tropical  Pacific,"  gives  an  account  of  loi  species  contained  in  the  collections  of  the 
Academv  made  mainlv  ))v  Dr.  John  K.  Townsend  in  IS*^,  later  bv  Dr.  W.  H.  Jones, 
and  still  later,  1S1)3,  by  Dr.  Benjamin  Sharj). 

Many  of  the  descriptions  of  Hawaiian  species  which  have  l)een  made  in  the  past 
have  l)een  based  on  alcoholic  specimens  in  a  bad  stiite  of  preservation,  or  have  been 
taken  from  dried  skins.  In  consequence,  the  color  has  l)een  in  many  cases  very 
meagerly  or  erroneously  descril>ed.  In  making  my  colh^ction  color  notes  were  taken 
of  as  many  living  or  fresh  s|>ecimens  as  the  conditions  would  allow.  These  color 
notes  have  Ijeen  included  in  this  account. 

During  the  time  of  making  my  collection  in  188^,  the  fishing  was  still  largely 
done  by  native  fishermen,  but  in  recent  years  the  Chinese  and  Japanese  have  been 
rapidly  encroaching  uix)n  this  industry.  Skilled  as  were  the  native  fishermen,  the 
newer  and  more  aggressive  methods,  together  with  the  more  industrious  habits  of  the 
newcomers,  are  making  common  in  the  market  fishes  before  onlv  rarelv  or  never  seen 
by  the  natives.  While  these  fishermen  are  adding  to  the  known  fauna  by  their 
methods,  it  may  l>e  said,  in  passing,  that  some  of  their  methods  are  very  destructive 
and  if  not  regulated  by  opi)ortune  and  wise  legislation,  will  soon  disastrously  affect 
the  fish  fauna  as  a  f(K>d  supply. 

The  city  fish  market  at  Himolulu,  the  only  place  where  fish  are  allowed  to  l)e 
sold  in  the  city,  is  a  large,  well-appointed,  and  well-administered  institution.  Since 
there  comes  to  it  the  catch  of  all  kinds  of  fishing  pursued  alxjut  Oahu,  and  since 
among  the  native  and  widely  diverse  foreign  population  almost  every  s|K»cies  of  fish, 
as  well  as  of  other  marine  life,  finds  favor  as  a  food  with  some,  the  market  proves  to 
be  an  excellent  resource  for  the  student  and  collector. 

About  the  only  fishes  which  escape  the  fishermen  are  the  minute  fonns  which 
make  their  homes  in  the  spaces  of  the  branching  corals  or  in  the  small  holes  in  the 
coral  rocks.  A  numl>er  of  new  s|)ecies  were  obtained  by  breaking  up  with  a  hammer 
coral  heads  over  a  dip-net  of  fine  mesh.  Either  old,  dead,  or  living  coral  heads  were 
pried  off  with  an  iron  bar,  and  «|uickly  lifted  up  over  the  net  and  broken  to  pieces, 
the  contents  falling  into  the  net. 

Of  all  situations  aiK)ut  the  island  of  Oahu,  the  submerged  reef  which  extends 
from  the  entrance  of  the  harbor  of  Honolulu  to  some  distance  past  Waikiki  furnishes 
the  most  prolific  supply  of  fisho,  both  as  to  numl)er  of  species  and  amount  of  the 
catch.  This  reef  at  low  water  is  from  a  few  inches  to  a  few  feet  under  water  and 
extends  from  1  mile  to  2  or  3  miles  from  the  shore,  where  the  water  abruptly 
reaches  great  depths.  Over  the  surface  and  along  the  bluff  of  this  reef  may  be 
found  representatives  of  most  of  the  shore  fauna  of  the  Hawaiian  Islands.  This 
reef,  so  favorably  situated,  so  accessible,  and  so  rich  in  material,  can  not  fail  to 
be  of  increasing  interest  to  naturalists  who  may  have  the  good  fortune  to  devote 
themselves  to  the  studv  of  its  wonderful  life. 

The  types  of  all  the  new  species  haVe  l>een  deposited  in  the  United  States  National 
Museum.  Cotypes  and  series  of  all  the  species,  so  far  as  possible,  have  been  pre- 
sented to  the  Leland  Stanford  Junior  Universitv  Museum  and  to  the  United  States 


420 


BULLETIN    OF   THE    UNTTKl)    STATES    FISH    COMMISSION. 


i' 


Fish  Coininission.  A  representative  collection  ha8  }x»en  presented  to  the  British 
Museum  and  one  retained  by  the  museum  of  De  Pauw  University. 

The  following  list  gives  full  descriptions  of  all  the  new  genera  and  sjHJcies  not 
given  in  my  previous  papers  or  that  recently  published  bv  Jordan  &  Evermann.** 
Since,  in  the  forthcoming  report  by  these  authors  a  complete  list  of  all  the  species 
known  to  be  recorded  in  the  Hawaiian  Islands,  with  a  full  discussion  of  their  syn- 
onymy, is  to  be  given,  I  have  included  only  those  species  of  which  I  have  examples 
in  my  collections.  The  synonymy  sfiven  is  limited  to  that  which  will  ffive  the 
student  into  whose  hands  this  paper  may  fall  a  ready  I'eference  to  the  most  impor- 
tant works  treating  of  the  species  here  listed,  or  to  that  which  seems  necessary  to 
discuss  doubtful  identifications.  In  the  synonymy,  localities  without  parentheses 
are  type  localities;  those  with  parentheses  are  localities  from  which  the  species  was 
recorded  bv  the  author  cited. 

Illustrations  from  di-awings  by  Mr.  W.  S.  Atkinson  are  given  of  all  new  s]:)ecies. 


Family  I.  CARCHARIID.^. 
1.  Oarcharias  xnelanopterus  i^uoy  &  (rainianl. 

Very  conimon  at  Honolulu.  Thive  weiv  taken  by  nie  in  1SS9.  It  haw  lxH?n  known  from  the 
Indian  Oi'ean  and  ArchijH'lajzo,  but  thi?*  is  its  lir8«t  riM'onl  from  the  Hawaiian  I^lamlt^. 

Color  in  life,  upjH^r  part  of  l)ody  a  very  li^ht  olive,  eovere<l  with  pretty  thiekly  wt  line  ix)iut«  of 
brown;  l>elly  nearly  white;  tii>H  of  all  the  linn  inky  black;  whole  nianrin  of  caudal  black;  pupil  and 
iris  very  light,  almoHt  white. 

Carchariajf  mdanoitlcruf  t^iioy  A  (.lainitinl,  Voy.  <U*  rrmiiio.  Z<h»1..  194.  pi.  43.  rtK*».  1  H»d  "A  1W4,  PacilU!  (K-caii;  (.iniither,i?ut., 
VIII.  369.  1870;  Day.  Fishes  of  India.  Tin.  y»l.  1S5,  fig.  3. 

2.  Carcharias  phorcys  Jordan  <&  Evennann. 

Two  HiHH'imenH  (Nos.  245  and  546),  29  and  28  inchen  long,  were  obtained.  Six  examplcH  (one  of 
them  a  f<etUH)  were  obtained  at  Honolulu  l>y  Jordan  <fe  Evennann  in  HH)1. 

Color  in  alcohol,  <lark  gray,  lighter  on  ventral  a^iwct;  tip  of  pivtoral  and  tip  of  lower  lobe  of  caudal 
darker;  tip  of  dorRal  and  upper  lolx>  of  i^udal  only  slightly  darker  than  rest  of  fin. 

Harcharia*  phorcys  Jordan  *  Evennann,  Bull,  l'    H.  Fish  ronim.  19a'2  (April  11,  1903),  163.  Honolulu.     (Type,  No.  ft0612. 
U  S.  N.  M.;  coll.  Jordan  &  Kvermann.) 

Family  II.  SPHYKNID.4:. 

3.  Sphyma  zygaena  (Linmeus). 

Thirtt*en  Hpecimen.s  of  thin  t^hark  were  oV)taint»d  at  Honolulu,  when*  it  i«  very  common.     It  i»  wjld 

for  foml  in  th(>  market. 

Siiinlun  zyt/xna  Liniueus,  Sysi,  Nat.,  ed.  x.  '£M,  IT.V*,  EuitHK*;  America. 

Zyf/nna  vmllaui,  (ivinther.  Shore  Fishes,  ChallcnKfr,  Z<k)1.,  i,  jmrt  vi,  59,  IJSW  (reefs  at  Honolulu). 

Family  HI.  DASYATID^. 

4.  Dasyatis  haw^aiensis  JenkiuH,  new  Hi>eoie«i. 

Snout  4.5  to  Imne  of  tail;  eye  about  3.(57  in  interorbital  fjpace;  interorbital  npace  broader  than 
length  of  snout;  width  of  mouth  2  in  interorbital;  internanal  space  2  in  interorbital.  HiKly  somewhat 
pentagonal  in  form;  length  of  dink  1.42  in  wi<lth,  the  line  of  greatest  width  pa8sing  alnrnt  the  length 
of  the  HpiradeH  l)ehind  them;  anterior  margiuH  nearly  straight;  tip  of  snout  not  projecting,  very  obtuse; 
lateral  margins  only  slightly  convex;  snout  very  bnwd;  eye  Rmall;  mouth  very  small,  sligtitly  imdulate; 
teeth  vt^ry  small,  in  al)Out  'M)  oblique  seri(»s  in  the  upi>er  jaw;  ui>per  buccal  flap  with  a  fine  fringe;  floor 


1  DeiH.'riptionsof  new  Kcnera  and  t4|>e<.'ieH  of  flsht^s  fn>m  the  Hawaiian  iMlands,  by  David  tJtarr  Jordan  and  Barton  Warren 
£Y«;rmtinu.    Bull.  U.  S  Fi»h  Comm.  for  1W2  (April  11, 19(B)  pp.  161--206. 
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of  mouth  with  ^  tontai-lt-:  :^«--r:':s  larji-.  Ti.»-  •'..rlt-r  •■:  Un-  l'r-«a'l  iiasjil  tiap  uiih  ;i  line  irince: 
inUrrorbital  si«ai.v  l«n«a.i.  u.-rv  -r  !» —  :!;-.::» :.«.ti.  jiH-.i-^-r.iii-ji-  ■  f  aU.iii  e*|iial  It-iiirih.  tht*  fifth  «»n  a  lewl 
with  emEaitrst  »i«ith  "f  liisk:  :--ly  .ii.  i  :aii  ♦  vt.r\  w  Ju-rr  >:;.-.■  .rii:  laiiilal  >|«iii»*  l»nuil.  tiaitoiuil,  siTratt-l 
at  ihf  >i«le-.  K-ni^-r  ti:aii  i:i>r  riiTa"  -xi- r;  raii  :'r-.ai  a:.i  riatrt-i-t^i  aiitt-rii-rh .  wrv  *ifn«K'r  iMr-ti-rk-r 
to  !*  J  tine,  it.*  Wiijti.  !.»» i:;-  •i:-k.  a  i  itii:;-  ■•>  :  ■'.  :  i:--\f  a:;-:  '«»-i.-w.  the  latt<T  l^-i;iniilng  Ik*1i.»w  tiaiJ**  nf 
•iiirsal  spine:  jir^.-t'-ral  r":r.,:t-.i  ■.'•■v-.'^-.y.  ■.»-:. :r.iU  r-r  a-i.  'r-i-ir  w:  itii  l-'it  linle  Wss  than  ihi*ir  hoikrht. 

(.'••I"r  in  aii-«'h'l.  -lark  )'r--.\ii  a'-v.-:  '--i\.  ".M^-r  lart-  "f  -i  K-,  ittt-iraLs  anM  wntral-*  likrhi 
hniwn.  liirht».-r  t«»war«l  tijarjiii-i:  ■••".:'.  a:j  i  r;:.-  'a  :.:•»-   :!.  i'-r::«\tT:.:  I'liaiif^iU'-  fi»lils  hla>'k. 

« »nly  iin**  sj-^-iiiiit-rk  <■':  :a::i'-i.  I.»  :.j*';.  :  ii-k  •■•''  ir.i  ii»-*:  -tij-jth  ■■!  Tail  10..%  irn-hf*':  wi«l!h  »'i 
iix*k  "*  illchtr-. 

Thi;5  il«^TiMi«»n  i*  r-a.**^'.  -i.  •.':.»•  *.v;--  -i^-i --.;:.-:  ::.  ti.*-  !'.  >.  N.  M.    Mrijinal  N«i.  '»47  .  uliiaint-*! 

•  •    •  » 

hv  ine  at  H<in>'U:h]. 

5.  Dasyatis  sclera  .I»-iik::.*.  liiw  .-i-^-tit*. 

Tiji  •>!  -niiut  int'A-'irr-i  •■•  "rMt  ;:.■%  ::.  ii-k:  i!.t»-r"ri'iTal  l'.L''».  BinIv  rhfnii>«>i«l.  \hv  wiilth  i-l 
«lis»k  jfTvater  than  it*  It-i.irrJi.  tiit*  jr»;i!»-*t  \^:'i":i  r-«ii.t\\  ivat  in  fn-nt  •<!"  thf  ivntrr  uf  its  length;  ht-ai! 
very  lip-ja<l.  th»?  antrri-T  T'.arviiis  ■■!  ti.t-  -ii^k  ;.i\ir!y  -traijht.  sli-jljtiy  •■..rj\t'X.  nuvtin^at  tip  i»f  snnut 
at  a  verv  oI»iuh?  an::!*-,  tl.r  t::-  w'ri*  a  *'.:j':rlv  ;.r"-»t  T'.ni:  ikiIm:  i»uTfr  anjlt-  nf  ili«k  j*liirhtiv  r<tun<le«). 
the  lateral  margin*  wrv  slijhr'.v  r ■!::.■  i*"!:  :^.'*:tri  •>'!-. a!!.  *i:j}itlv  !:n-h:latf«l.  2.2  in  intfrnrbital;  about 
30  teeth  in  upj^er  jaw.  in  a  wry  ..^iijT.i-  "M-ri-".  a'r«. -.t  1'4  in  i-.wt-r:  i:].|.«-r  Imin-al  tiaji  with  V>roa(i  friui^**: 
»  tentacles  *jn  lli>»r  *>(  n.i-'iTh.  4  !:.»-!:an  ar.  i  -  "H  na. }»  r.:?*-:  ii;i*al  flap  with  a  tine  frint'**;  noe?trilr»  lar>!e: 
intenjrhital  -j^iie  -iinrwhat  iiaf»r.*-i.  •  '.:.';ivm  ir;  •!,»-  !i.:.;.ilt-:  jillM,j.t-iiini:s  «»f  aU»ut  t^jiial  len^h,  the 
fourth  in  line  with  th*'  irn:-aT»-t  w [.:?[.  -.f  -ii-k;  :-.-iy  i-\t-r\  \ihrri'  *:i;. «.th.  with  lu*  indii^tions  of  ?»pine?* 
or  platen:  ili^tal  half  «'i  tail  with  *:i;al!,  sLar'.-  ti;l«»-r«  Ii'>  a"' •<»%»•  a!i«l  *»u  >'u\v<  caudal  spine  huil  Ut»n 
reniovt**!  I«ef«'rethe  sjiivinivn  wa*  r»-.>-i\.-.!  }.y  u.*-  :  I'Tijtii  ••!  tail  in-'ri-  than  twiiv  that  nf  disk,  a 
ciitane«rti?i  fuld  ln.*li-\\  -inly. 

('iiltif  in  alr"h"l.  upitr  siiU-  ■■:  -li-k  !::.i:"r!:ly  iiji.t  :iri«wi::  tail  ilarkiT:  unilr-r  «i«l»*  of  di.<k  white. 

The  !»inffle  sji^-t-iiLt-n  ?»Mi:rf«l  :i.»-;i.-i:r»-  i;i  iip-h*  -  t'  ^-a-e  i-i  tail,  tin-  latter  iiu-aHMrin;;  'J\*  inehen.  A 
skate  withnut  the  tail  is  iii  t!i»-  •■■■iii«  ri--::  i!.a»K-  l-y  tin-  FMr-^^t-al  r-iiiinii-.-ifn.  It  iMirn-sjMinils  with  th»* 
typie  in  all  jmrtiiular^  ainl  i-  •i-ii'-tlt-—  tht-  -a:;:*-  -jt'iit-s. 

Ty|ie  •leipi.«r-it»'»l  in  tin-  r.  S.  N'.  M.    ..rijii-.i!  N<-.  '\^7  ,  Huni'Iulii. 

Family  IV.  MVLlnnATin.4-:. 
6.  Aetobatus  narinari    FjiphriL-^'ii  . 

This  Ijeantifnl  ray  i*  ni-t  -iriinti:!:."!:  at  H'-i:'-!  .i"..  ai  -1  -i  i-a-i-iMally  larL'e  examples  ar»*  ex]M»?!e«l  fur 
sale  in  the  inarkt-t.  Thf  -injN-  i-xa!:. !■'.»•  ••'•■Ta::.«-]  :;.i  a-';r«'«l  l'».'»  iin  hes  t"  lia*e  «»f  tail,  tlie  tail  lieinir 
3!l?.oinrhe9<l«'n'j;  dir-k  lu-'n-than  !«:•>- ;l-  ''r-a-i  a>  ■■  irj:  aiit»-ri<»rl«irilfrf  >liL'litIy  ««inv»-x.  tin*  iMi<terii«r 
!»li)ffhtly  oim-ave:  iir.T»-r  aiijl*— i-'ir.tfl:  •■rijiii  "f  d-r-al  tin  a -lii-rt  ili-taini-  hai-k  ••!  p»i-terinr  attaih»-«l 
niandn  *fi  ventraU:  \i*iitral*  i.e;iri;.  tAJ.-f  a-  i"iij  a*  ?'r«'ail:  lonTaiudli-  hm  t«ip  •»!  hi-ail  i;railnall\ 
iiamiwinkT  liuekwanl. 

Oiltir^if  ilisk,  blue  uIniVi*,  i^iVi-riti  with  i.:::.»-r<.»i* 'ii-tiin;t  \\  hiti- <ni'llii>dikf  sjNits  a>  lanre  as  evr: 

no  FfN^t.-?  <«n  lieati  in  inirit  •.! -piraili*:  uh:?f  •■•■i-iw  ;  ti"-::!  in  !i<\\rr;aw  lnut.  an 'ilitiise  aiiu'lt- prujfifiM-j 

ftirwanl:  aU»ut  .*>  tt-t-th  -if  liiW»r  jaw  j-r-'j'-i  rii.j  '■■••v-'H'I  t!i«-f  .if  npjn  r. 

/f'li'ii  M'lri nil: I  E!;pfini^-:i   V-t    Ak.N':...    II  i'.'!     \;    :t-    .l".  I^r..;'. 

A*1ttfmUiJ!  N#in»i«:'.".  M-ill-  r  .v  H-  ■  '.•  .  I'l.-.-'i-  -'  ■:    ■  :.    !"■   >  *     *    r  !.i:.  a  i.v-  t'-.m:  :     K>:.»i  N-'-ii  .i:,.l  Mi-l.  \ni.-r..  t    v-.  iv*,; 

>u-iii'l»i  hrit-r.  iK-rik.  Ak   \V.««.  W  . :.    .  w.  :  ••    ':  •    I,..^.  . 
^ifmniAii/j^  wi»/*»wrt*  Aif:i-.-i/.  I'r-- .  K---    -■-     N  :*    H  «"        "    l-s'.-.  ..*.'    M  ■■.^.li.i:,  1-.:iT   N 

Faniil>  V.   LHPTnCEPHALlD.-I-:. 
7.  Leptocephalus  xnarg-inatus  (Valt:,«i«  iijh-  .     •■ /'<''.;. .i^./." 

Fairly  coninann  at  Ilniii'liir;  ai.-l  a].;-ar'iirly  vali>'d  a*  f 1  by  tin*  liativfs.     I  .-aw  i.n.-  in  th.- 

market.  5  feet  in  lenifth.  I'lr  wl.li-li  rl  wa-  a*k»-d.  F-iiir  >i'»«i!i,i-n-  iverf  ••braineil,  N»»<.  17.%.  *_*»•  iiii -he- 
long,  2041,  21  inche:':  2«4l'.  SA  in-  h.-;  and  l'-M::.  i*'".  Im  ht--  ii:  li-i.L'th. 

Color  in  life  «if  Nt».  IT-'i.  }i;iek  t^  i-*  Ii.w  l.r»Ta'.  iiii-  ;ijht;  iiijd«'r  imrt- wliit**:  d-irsal  tin  liirhi  bmwn: 
anal  fin  white  anteriorlv  lujt  LTM-iuai'v   -'•■■■:;. j  |. -'i-ri-.ilv  t.i  iiLdit  bnixui:  «iiiier  margin  .•!  ilnrsiil. 
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<wiilal,  uml  iH*<Icri[>riirunal  iilf^tl  witli  hiavk  (in  two  other  t<]>orinipiiF>llif!whi>liMif  tin-  miMfpn  <i(  tli<' 
I'uixlnl  IH  liliu'k,  uIm>);  uiili-ritir  {Hirtioii  nf  (Ht^orul  lin  with  H<lii><ky  Hjiot,  iHudfrUir  |Kirtiiiii  rttMiHh- 
Tcotli  in  lower  jaw  Htriiiiij:,  iminlcil,  iii  »  miiicle  wricH  tixivpt  in  anterior  jKirtion;  Hiinilsr  U«lh  in  H 
Mingle  H'ries  in  nfiiwr  jaw  exl^cl■t  lui  dvuI  luitch  at  niitorior  angle. 

'>ui.irirMiirKfniifu«Vnlmidennii',  Vi>)r.  Biinilc.  ■■ciii*i.,a01,i>l.e.AK.  I.IMI,  Pmnlwli'h  IkIhihIi:  Oflnlhi'T,  rliii1]i.-n|^  Ki*|«rt. 

Khiire  Finhni, CI,  IMW (m-bat  Himnlulul:  Hti^iKlmbni-r.  Dunkx.  Ak.  WLm.  Wii-n,  [..ix, IWO. RU  (Iji.vnii). 
limgiT i.'»nl:iVK DlwktT.  All.  Siv.  !<<'l.  Iiiil.  Ni-rrl.,  ii.  IsV.  AiiiUiiim,  RH:  BltH'kiT,  AlUx.  IV,  Uiir.  .11,  |>1. 'J3.  Bk.  X 

8.  Ocmgrellua  bowerai  .lenkiiiis  new  HjHt-iiw. 

Ileiul  3.Ktin  lenKlli  touniiH,  0.1(1  in  total;  ile|illi  I'.ii  in  hea<I:  ti].  of  Mioiit  loannn  LS.^i  in  ilietancc 
fruiii  anim  to  ti|i  of  luil;  «ii>iit  4,!>  in  hi>iul;  i<ye  4  iti  liouil;  eleft  of  njimth  nearly  'i  in  heuil;  t«eth 
Hmall,  nliarp,  in  many  wrii«  on  uiilt-rior  jHirlionii  >if  Ixilh  jawH  nml  -m  vomer,  in  2  writ-s  im  ]KiH<4;riur 
portion  of  jawH:  origin  uf  dorval  flitclitly  in  front  of  )^11-o[H.'iiini;;  aUmt  47  ]H)ni<  in  lateral  line  liefore 
tlie  anue;  ]>ert»ra1  3.3  in  lieatl. 


a  nnrniw  pilvery  line  with  Riililcn  retlwtionHalong 
dl  to  enmlul  tin;  niemlirane  over  liiuneliioi'tegul)' 
n<l  o|HTi-li'H  eiieli  willi  u  i>ilvery  jintelil  inatvilU)  of 


..[whii'ii»|i-< 


n  llie  I'lilleetion  inwlp 


Color  in  life,  very  jmle  bnnfii,  white  1-elow 
lateral  line,  a  liroiulcr  liaml  Ixlow  tliix  ln>ni  i 
Kolili'n  witli  ihifky  Hhaile  towtinl  .hiii;  ^lleek^' 
iluTHuI.  I'Hiiilal  an<l  anal  Mack;  tj|i  of  luil  while. 

Similar  to  »'.  .uni;/"  (SehiiwH  fr-mi  .luiwii,  with  v\)t-* 
1>y  .Ionian  A  Sny.lei-  in  .lu)>»n,  in  IIKIII,  mint;  have  Ui'n  eom|>an->l. 

(.'iimnion  ut  llonohilii  where  it  ii<  iiwil  hy  the  natives  an  fnml  and  ih  exiHH^l  for  Mie  in  the  iiimr- 
kct,  and  where  I  olituint-d  K  HtHH-imeiiH  fruin  H  In  II  ini'lieH  in  lent.'th.  Tin-  )<tHi-iineni<  are  ii mill >ere<l 
2M,  anil  2044  to  a>.=>il. 

The  HiMiicM  iH  naineil  fur  Ihm.  (.!e.ir((i>  M.  Ilowers,  I'.  R.  dm 

Tj|H',  No.  MKiMH,  U.S.  X.  M.  (original  Xo.  -£A],  Ilimolnlu. 


of  I'lMh  an<l  Kixlu-i 


Family  VI.  OPHICHTHYIU.t. 


9.  ICicTOdoiiDphiB  macgre) 

Head  A  in  Innik;  he^d  ami  trnnk  l.TR  in  tail; 

iiotit  TtJ-t  in  lieud;  tSi\n:  :l  in  lieu<l;  i)eel'>ral  :{.S  ii: 

ndiiiK  in  ii  hhnil,  horny  iKtiiit;  heiul  eiouKate,  sime 

[le  mandihle;  eye  nitiall,  Tiearer  an^le  of  month  tha 


•ye  i'  in  Hiiiiiit,  and  alxint  eijualing  interorbital; 
hfiiil;  IkhIv  eytinilrieal,  !<l<;nderi  tail  tapering, 
rhal  iimi|ir<t<iH^l;  niont  nmall,  proiliioeil  Iteyom) 
I  tip  uf  iiniint;  manitible  lirmiil,  lip  of  iipjiur  jaw 
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with  a  Snnge  of  phurt,  ll€T^hy  liarliel.-':  Ii-elli  ^iliarji,  in  a  Miiuli'  -4-1 

uuttriiir  noi'trilM  witli  i-oiii'iiiilloiii'  tWtiy  tlllK?<  on  tlif  li-tver  siirfa<-i-  i>f  ^imnl:  intiTorliital  tijiaivii 
aUiut  n|iuilini;  eye;  gill-i>|>eiiin;{  low.  ^jhuv  lielH-een  Imiai):  hi'ai)  willi  iinniiTinis  ixmi':  latcrat  lin 
>li-vel<f{>e<l  lhn>ugh(ii)t  uliulc  leutnli  "t  Ixuly  ami  tall:  .'kin  siixKiih:  'iri;.'in  <>f  ilcinul  tin  miilway  lielwi-*' 
tip  iif  snout  ami  gill -opening;;  heiglil  of  liursal  a'n'iit  iialf  <li'|'tli  i.f  IkkIv;  unal  nlM.nt  oiiial  Xn  ilnrsul. 

Col.>r  in  ali'ohol.  general  e«lor,  l.n.u'iiisli  y.-11ow.  lidiler  ]*■]..»-.  w'illi  t^itvery  ana^:  lIu-  iipiHT  lia 
of  Ixxly  ilarker  1>y  Winj;  .-..vere.!  with  niimen.ns  miniiK'  ['.int.-:  of  l.la.k. 

This  <le>«'rij>tion  i><  l>a.-e<l  ..ii  a  ^iii^'le  s|i-i-in.>'n.  ln.L'  iixlirs  in  l.-nutli.  uliuiin.-.l   1>y  :Mr.   11.  < 
MiKiregor.  fn.ni  Lxhaina,  Maui,  in  tVt.niary.  I!i").       Tyi--.  N...  :iii7i;i.  V.  S.  N.  M.  , 


10. 


Family  VIE.  MlR.IXID.f.. 
luraena  lampra  Ji'nlcins.  lu-vr  s]>ii-i<~. 
leiitai-le  a."  long  ai< 


ItiHly  compreKwd;  (losterior  [lostril  wii 
Ifngth;  ileplhHlightlr  more  than  2  in  heail; 
nlightly  uearer  angle  of  nioiitli  tliun  Ik  anteriur  inar);iii 
•ip of  tail  byhalf  Ipngtliof  Iies'l;  teeth  long,  |H>inle<l.  ^ii 
(lortinn  of  upper  jaw;  '2  very  long,  iniintiil.  <li'|ir<-ssil>lt'  I 
liy  a  flingle  !<erie)<  of  -niiallrr  lit-tli;  gillH>|>i'niiig  a  ve 


iatm-tcrof  ..ye;  h.-a.l  7.2  in  total 
in-^nonl;  [-^teri.ir  niai>tinof  eye 
lit:  vent  nran-rlipof  cm mt  than 
ti'r!i|>er>e>I  in  :.'  !<erie>i  on  jmtiterior 
r,  one  Ix'hiixl  the  other.  fo)l..w...l 
row  flit  withont  i'.)lor  marking: 
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interorbitol  narrow;  head  wilh  niBny  poreH;  doreal  fin  high,  itf  origin  cnntntlerably  in  iiilrani'e  of 
gill-upening,  confluent  witli  iiiudal  and  anal ;  anul  Gimilar  to  [lorxal. 

Colur  in  life,  vt^ry  brighl ;  ground  work  of  light  brown  with  ninHpiouoiiB  whitp  Bpotf,  iiilurmingleil 
with  black  and  brown  8potn;  H  longitudinal  rows  of  white  B|)ott(  on  body,  one  row  on  oiittr  margin  of 
dorsal,  and  about  33  spots  or  Inrs  of  white  acroxe  the  ventral  an^iect  including  aual  fin;  median  row 
onlxKiy  and  head  containBalwut  25  spots,  eacih  about  Hize  of  eye;  ventral  spots  in  front  of  anus  to  head 
largest;  black,  an  well  as  brown  pjiota,  small,  irregularly  placed,  but  generally  following  line  of  rows 
of  whit«  spotK;  very  brilliant  reil  on  snout  and  jaws. 

Only  the  type  known.  No.  50fi80,  U.  S.  N.  M.  (original  So.  26!)),  a  sppcinien  K  inches  long, 
obtained  by  mp  fnun  the  coral  rocks  on  the  reef  in  front  of  Honolulu. 


II-   Hurana  kauila  Jenkin 


K  spocief 


"I'tthi  Kniiila  " 


Head  7.3  in  length;  depth  16:  tail  a  little  tonge  tha  hea  I  a  I  tn  nk  sno  t  4  leal  el^  n 
snout;  interorbital  2.25;  mouth  2  in  head. 

Body  elongate,  compressed;  tail  tat>ering  jmHte  ly  I  ■al  el  ngate  i  teil  s  les  swollen  a 
little  above  and  behind  eyes;  snout  long,  slightly  ex    n  ]  n  file     u      1    larj.      j  we  orcl  e<)   not 

completely  cln«ing,  upper  slightly  the  loiter;  teeth  unisenal  n  ]aw  o  nprcsseil  1  g  ea  nes  w  th 
intervening  WTiallcr  teeth;   2  large  depre*iBibIe  can  nes  on     ome      J  o    4  large    1  i  r««  1  le   ain  nea 


Fifi.  l.—M'T. 
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below  eye,  forming  an  inner  series  on  each  side  of  iip^ier  jaw;  liiw  thin,  not  cuniiwling  ti-cth  when 
mouth  is  i'lose<l;  eye  aliout  midway  in  length  of  mjiutli;  uostrila  in  long  UilmK,  the  jioi'lerior  larger, 
equal  to  eye;  interorbital  Hpai-e  flattened;  gill-o|>eniiig  small,  ().7-'>  in  eye;  roof  of  month  with  a  single 
meilian  xeries  of  sniull  teeth  lieginning  lielow  front  mai^n  of  eye  itnd  ninning  Imck  well  lieyiiml  its 
jKMiterior  mar^n:  dorsal  lieginning  nearly  midway  l)ptwepn  (i.rncr  of  month  and  gill-oiH^ning;  iwidal 
small,  rounded. 

Color  in  life,  light  bmwn,  with  i  longitudinal  rows  of  ilark  brown  njiotH  aliout  the  diameter  of 
enout  gradually  fading  into  one  row  on  poxterior  p.irtion  of  tail;  many  ck-ar  while  sjxits  as  large  or 
lai^r  tlian  pupil,  over  head,  l)oily,  fins,  and  tail,  many  of  the  spots  forming  more  or  less  distinct 
vertical  rows  over  fins  ami  dorsal  portions,  some  confluent  on  throat  and  l>elly,  each  one  surrounded 
byadark  brown  margin;  aI>oiit  ;tO  white  spots  crossing  the  ventral  line;  nasal  tulies  bright  red;  bright 
reil  bars  on  snout  and  lower  jaw,  and  bright  red  undulations  posterior  to  angle  of  niouth. 

Color  in  alcohol,  brown  with  the  white  and  dark  brown  upots  distinct;  white  spots  olgeil  with 
dark  brown;  bright  red  undulations  posterior  to  angle  of  moutli  fading  out. 

Only  one  specimen  obtaine<1,  the  tyi>e.  No.  S06R4,  U.S.  N.  M.  (original  No.  :{04),  13  inches  long, 
taken  by  me  from  the  coral  rocka  on  the  reef  at  Honolulu. 
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12.   Oymiiothoraz  laywmu*  iSteinda^-hner). 

H«id  6.fi  in  tot&l  len^h;  iif|>th2  in  lic^il;  ili.-iaiui'  tniin  lipof  tiDout  ti>  vrnt  shorter  l>y  one-fourth 
of  iti*lE  than  diirtaDCe  (mm  v«it  tu  lip  of  tail;  i-'ve  lew  than  snout;  (wi«  2  in  head;  ^ll-oi>ening  very 
small  anil  int'oti^picuou!',  marked  by  do  dart  Fpot;  anterior  noi<tril  tubular,  near  tip  of  puout  above 
margin  o(  inoutli;  [HN^terior  nottril  round,  in<'oti)<iiii'uoui<,  above  and  ^tightly  forward  of  middle  of 
upper  margin  of  eye:  oriK'"  "f  dorsal  fliglitly  in  ailvani-e  of  gill-iipening;  teeth  fharp  and  pointed;  on 
aides  of  lower  jaw  in  a  tangle  aeries,  nn  siilen  of  up]ier  jaw*  in  3  Krie«:  on  anterior  portions  of  both 
jawH  latjce,  Hhar]>i  d^prea^ible  teeth  among  the  sniuller  oiiei<:  a  lar^,  iiliiirji,  depreteibie  tooth  on  vomer. 

Color  in  life,  very  dark  bmwn  over  wh*ile  of  lieail;  l)ody  and  fins  tiiarkeil  everywliere  with  verj- 
many  small  while  spolc,  with  indistinct  and  irregular  outlines,  more  irre^lar  on  anterior  portions, 
beinft  on  thei«  almost  reticulations;  no  oin^'pieuous  markings  at  angle  of  month  or  at  gill-openiugi): 
tip  of  tail  white. 

Eight  specimens  were  obtained  at  Ilonolnhi,  ranging  from  li  to  7.£>  inches  in  length.  The  eiualler 
ones  show  variation  in  color  fniiii  llie  one  alxive  desi'rilwd  in  that  the  white  sjiotH  are  more  distinct  in 
outlines  and  more  regularly  placed.  In  the  smallest  they  are  almost  definitely  arrangeil  in  longitudinal 
rows  of  which  there  are  4  on  the  boily  exclusive  of  the  fin>>.  There  in  a  grailation  from  this  arrange- 
ment to  the  irregular  arrangement  xeen  in  the  one  de«cril>e<l.     Found  among  the  coral  rocks. 


SrhaiilTuliDd.  li«6-r.i:  iliid.  I)eiik< 
LyfinUntti*  parrtbraniAiaiU  Fowl 
(Type.  So.  IM83.  Ac.  Nj 


,!l.  r>r. 


Head  K  in  total  Icngtli;  depth  0..~i  in  )i 
tip  of  snout  lo  angle  of  mouth  2..i  in  hiwi; 
eye;  lioily  deep,  compn-sseii;  tail  tapi'rii 
blunt,  roundeil,  not  projecting  almve  the 


1  iliaiiietiT  of  eye,  5.5  in  heaii; 
l-o]«'ning  fmall  ami  inconspicuoiL'i,  lei«  lliun  diameter  of 
mpremieil  jKinteriorly:   head  compreeeeil;  Bnixit 
e  small,  slightly 


nth  than  tip  of  snout;  mouth  horizontal:  lips  thin,  cimi'ealiitg  the  teeth;  teeth  all  sliarp-|>ointe)l; 
large  deprei«ilde  canlnett  in  anterior  part8  of  both  jaw^i  mingle<l  with  smaller  ones,  those  in  posterior 
portion  of  upper  jaw  forming  wide  bands,  in  jHistcrior  portion  of  lower  jaw  in  a  single  »erie>>;  large 
teeth  on  anterior  jiortion  of  vomer  followed  by  smaller  onefl  in  a  single  )>eries:  anterior  nostril  tubular, 
placeil  near  tip  of  snout  anil  above  margin  of  lip;  poi'terior  nostril  smooth,  email,  and  well  above 
margin  of  eye,  somewhat  in  front  of  a  vertical  througli  center  of  eye;  interorbital  space  narrow,  convex; 
origin  of  dorsal  fin  over  posterior  margin  of  eye,  fin  high;  anal  similar,  iHitli  confluent  around  tail. 

Color  in  life,  general  color  uniform  dark  lirown;  hea<l,  boily,  tail,  and  Gns  envereil  with  numerous 
white  spota,  which  are  larger  than  eye  on  Inmk.  Imt  fmatler  elsewhere;  tip  of  tail  white;  margin  of 
^ll-opening  brownisli  black. 

This  epeciee  is  di8tlnguishe<l  from  <?.  mrlfagrii  (Shaw)  by  the  more  anterior  inwriion  of  tlie 
dorsal,  and  by  the  larger  spots,  which  are  fewer  in  nuinlK'r  ai.d  larger  on  the  trunk. 


!  ' 
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ThiH  description  m  liatH^l  on  2  8i)e(!imenH  taken  from  the  <Niral  reef  at  Honolnhi,  the  type,  6.13 
inrlieH  in  length,  and  a  ooty|H>.     Tlieue  do  not  differ  fnmi  eiu'h  other  in  coloration. 
Typis  No.  50681,  T:.  S.  N.  M. 

14.   Gyxnnothorax  gracilicauda  Jenkinn,  new  species. 

Head  9  in  totel  length;  depth  2.5  in  head;  tip  of  Huout  to  vent  l..'W  in  distance  from  vent  to  tip  of 
tail;  tip  of  snout  to  angle  of  month  2.33  in  head;  eye  1.:U  in  snout;  gill-ojiening  very  small,  less  than 
ontvhalf  diameter  of  eye,  with  no  color  marking;  dorsal  tin  low,  its  origin  in  advance  of  gill-opening; 
iMKly  very  slender  and  <-onipressed;  tail  long  and  very  gradually  tattering  to  a  ]K)int;  teeth  all  long 
ttiul  sharp-pointeil,  in  a  single  series  in  lower  jaw,  in  a  double  series  in  the  upper,  the  inner  series  on 
(*ach  side  consisting  of  4  longer,  shaq)  teeth,  the  teeth  on  anterior  i>art  of  each  jaw  and  on  vomer  the 
longest;  2  teeth  on  the  vomer;  anterior  nostril  tubular,  near  tip  of  snout  and  just  a1)ove  margin  of  lip, 
jKwt^jrior  smooth  and  very  near  upi)er  anterior  margin  of  eye. 

Color  in  alcf)hol,  general  color,  very  jwile,  nearly  white,  markiMi  by  very  irregularly-formed  light 
brown  spots,  arranged  in  a>)out  40  ill-define<l  transverse  >»ands,  these  lacking  on  ventral  aspect  before 
the  vent,  leaving  the  l)elly  whit«*;  a  very  small  brown  spot  at  angle  of  the  mouth. 

The  only  known  sjiecimen  is  the  tyjK*,  No.  50679,  V.  S.  N.  M.  (original  No.  367),  8.5  inches  long, 
obtained  bv  me  from  coral  rocks  on  the  reef  in  front  of  Honolulu. 


I 


Km.  i». — Oifwimtbttnu  ffranliaimta  J<*nkiiis.  lu'vv  siK'rio>.    Tyi» 

16.  Oymnothoraz  undulatus  (Tjuv|H*de). 

This  s|>e(*ics  siH»ms  to  Ik*  the  most  c<»mmon  ch»1  at  Honolulu.  It  varien  much  in  <'olor  an<l  reaches 
a  length  «»f  3  ftH»t  or  more.     It  is  use<l  as  fcMMl  by  the  natives. 

(■olor  in  life  (No.  132),  gi'nt»ral  color  drab,  with  many  reticulations  of  nearly  white;  a  yellow 
area  on  t<»p  «)f  head,  and  fn»m  snout  t^)  a  consideralile  <listance  lH*hin<l  the  eyes  yt'llow.  In  an«»ther 
sjKH'imen  (No.  232)  the  dark  ground-work  was  reddish-]>rown. 

Numerous  sptH.rimens,  ranging  from  10  to  28  inches,  were  taken  ]»y  in»»  at  Honolulu. 

MunrnophiM  umlulaUi  UxcC'Ik^U\  Hist.  Nat.  Pniw..  v,  629.  (A4.  ISIKJ.  South  Sc'hh. 

Mur:rna  uiuluhtti  (Juiithcr,  (^nt.,  vm,  110,  1870  (Zuiizihar.  <'<ic«»s.  Ka^*t  Iiidii's,  Ilnwiiiiiui  IsUnflMi;  Strm-|M.  Bull.  V.  A.  NhI. 

Mum.,  No.  7,  77.  1M77  (Honolulu). 
Thi/nviith a  biupii  Ah\KiXt,  Vnx:  Ai\  Nat.  S<'i.  Phila.  ISiiO,  177,  Hawaiian  Islands. 
luntiUmti*  ktitipii  FowltT,  Phk*.  Ac.  Nat.  S<'i.  Phila.  19W).  494.  pi.  xvill,  Hk-  «  ( AbNjtt'H  lyjio). 
LijnMtoiilin p,viult}fh!fni4tidm  FowUt,  Phk-.  Ac.  Nat.  S<'i.  Phila.  IWW.  494  (Hawaiian  iMJands);  not  of  Bl««<*kor. 

16.  Oymnothorax  steindachneri  Jonlan  A  Kvermann. 

()ne  siKHumen  of  this  <Hd  was  obtainiHl  by  the  AUnUroM  in  181H». 

iiywmUhornjr  rtrintlarhmn  .Tordan  &  Evonnann.  Bull.  T.  H.  Pinh  (N»nini.  for  19i»2  (April  11.  lyitt).  l«l.  Honnhiln.     (Thm* 

Nc».  &0G1(»,  r.  S.  N.  M.,  (M>11.  Jonlan  &.  Kvenimnn.) 
Murstnaflai^nuanjimUa  var..  SU*inda(^hner.  l)cnkn.  Ak.  Wiw.  Wicn.  i.xx.  1900.  .'12,  pi.  vi,  tljr.  :i  ^I^)-Nan);  not  of  KUppell. 
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17.  Qjnnaothorax  thalassopterus  .Icnkini',  iifw  t^idiefi. 

Ileail  »..=>  in  Icnglli;  .lf]illL  ]:'..'<;  i-yc  10..'.  in  li,>a.l;  Hiimit  .'i.75;  inton.rbital  il.-i;  (mI"'  2. 

BikIv  lon^,  Hlcniler.  imil  I'liiijiirfKail:  vent  a  liltif  iifitrtT  tip  of  pmiut  tlian  tip  of  tail:  tx^ail  rather 
shorl,  ralher  strmiiily  nmipni'rt^l,  liruailci'I  uNnf:  tup  nl  heail  Mroiit:!}'  pwnllcn;  |>rolile  of  mont 
nearly  ctraijiht  In  uai*-.  ihcinc  rattier  strungly  flcvatnl:  intf  rorl'ital  i^piu-e  i^jiucwluit  (unves:  iiiOQth 
larw.  tlif  >ni[>f  loiiK,  winii'ttliat  navy,  tlic  ja«H  en-n.  dr.^iini;  ci'iupletfly;  jiiiMterior  iilge  of  nrliit  a 
lillle  nniror  lip  i>f  fiKiut  llmii  aiiali'  -i  [iiontli;  ti*ili  in  jaws  in  a  siriclt^  iiurie^  on  «u-h  siiie,  ikniieof 
thi'ni  i-anine-lik>'uiileri<>rly,  llins<-  mi  .^itli's  i-riiiipn-^>e<l  anri  ilint-itil  lEukuanl,  tlnise  i>n  vompr  lan^-, 
tang-liki',  anrl  ili-pr(-»iiMe;  itiilt-rinr  im^iriis  I'iirli  in  a  ^liurl  IiiiK'  nr  ]«ipilla  near  tip  of  pnunt;  iiostorior 
n'liHlrilii  («c'h  wil  limit  till*-,  sitiuilcil  jn.-'l  in  fmnt  nf  line  verlii-at  fmni  fniiit  ••(  or)>it;  pilliiiieninga  Uinj;, 
narrow  slit,  a  little  slnTtcr  tlian  I'noiil  in  teni.'th.  it!<  iliyiatice  lieliiml  antite  rif  mouth  (-([iialin);  leo^th 
of  iiape;  origin  of  il'irsal  a  littltf  in  fmnt  of  vtrtii-al  at  gill-ii|ieninju';  ilorsti  rallu-r  Imv,  itiH  givatewt 
ht.-i){)it  lo»>  tlian  .^noiit;  anal  r^till  lower.  il;<  /n-aler<l  lieighl  scani-ly  cxeeciiin);  iliaincler  of  urhit. 

Color  in  life  (  Nii.  0:i54Sl.  very  ilark  lifown,  nearly  lilaek.  tlie  light  inlerepao'tt  iiinoky-yeltow; 
oilier  margin  of  vertieal  tlii:^  lemon  yellow.  I>el<>u-  wbii'li  the  I'oliir  is!  tiri^lit  green,  grailually  loeing 
itHeif  in  <)ark  brown. 

Color  in  life  of  No.  0337'y,  UhIv  otnl  rniHiiioiilei)  yellowUh  an-l  Imwn,  the  brown  forming  irregular 
gmnnlar  »|Hitii  of  varioun  sizes,  lint  all  less  llian  llie  pnpil;  lin:i  a  liltte  darker,  no  pale  eilgec;  ^11- 
opening  anil  angle  of  iiinulli  blaek;  tlirijat-stri-ak>  brownish  and  the  sjMiht  on  jaws  gmaller. 

Color  in  life  of  No.  :ill.'),  lirown,  willi  spits  ami  niolllings  of  darker  brown;  litai'k  s|H>t  larger  than 
eye  alionl  ojH-n'iilar  o|H'iiin);;  niaqrin.-'  of  doival  anil  anal  bright  green;  margin  i>f  eauilal  yellow. 

Color  in  aliwtiiil  of  the  ty[ii'.  pale  brownish,  profns'ly  eovereii  with  small,  ronndi>>h  or  irregular 
•larker  brown  spoLo  and  bUilches,  varying  coni<iderabIr  in  fixe  and  also  in  ile)>th  of  color.  »ime  lieiiiir 
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narrowly  wliili-;  lu'ad  somewhat  >tarker  than 
e  rijuiks:  )i:ill-o|)('iiing  wilti  a  >lark  brown  or 
»-  blnish-wliite  line  from  angle  of  nionlh  over 
te  iHirier  on  the  tail  extends  some  ilistance 


ikI  a 


S.  M.,  :;:■.  in.-h.'s  I. 


18.  Oymaothorax  leucacme  Jenkin 

Heail  nearly  H  limes  in  tolal  length ;  deptti  2.1!  in  head;  snc 

than  tip  of  tail;  Jistanire  from  lip  of  snoni  loann",  in  I  he  tygie.  \i 


a  I  lead;  amia  nearer  tip  ufenuut 
-s;  from  tii'of  tail  to  anna  nearly 
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11  inches;  idll-openii)g  narrow,  tonipluilinal,  Icn^h  leen  than  ilianii^tcr  of  conii-a;  interorbital  hjmu^ 
equal  to  (liaineter  of  cornea;  distani*  fniiii  iMWterior  riiarKin  of  cornea  toangleof  month  alumttiiiial 
to  diittancu  from  anterior  inaririn  to  tip  of  Nnoiit;  iliircal  tin  iMV'^ii")?  tit  iioi'iput,  in  lH>i>;ht  about  0.R 
depth  of  body:  liei^cht  of  anal  alxnit  diameter  of  corncft;  teetli  all  )>oint4^1,  lonfc,  anil  in  a  ^in^li'  t<frit>s 
in  each  jaw;  3  long  sharp  teeth  on  vomer. 

Color  in  life,  liglit  lirown,  with  17  diHtini't  wide,  <)ark  brtiwii  handit  eiidrcling  txidy  and  fiuH,  not 
mwhnarroweraiTosstheilorsal.  much  narrower i>rinterrupteil  on  ventral  anpeot on  forward  jiart,  lese»o 
on  posterior  part  of  tail;  Itanda  nearly  eijnal  to  depth,  on  anterior  jKirtion  quite  equal  to  depth;  a  white 
spot  on  outer  marjfin  of  (IofhuI  on  each  side  ea^'h  dark  brown  hand;  between  white  B|)otD  a,  dark  brown 
Rpof ;  spaces  l)etween  <tark  bands  on  annl  nearly  while;  area  liet ween  eyes,  angles  of  niouth,  aiul  bonlers 
ollower  jaw,  dark  brown;  from  dark  bniwri  area  between  eyes  to  first  <lark  brown  hand,  yellow. 

Tills  speeieH  differs  from  O,  jifteU't  in  the  white  s|)ots  on  niar^n  of  dorwal  ami  white  areas  on  anal, 
in  <listinctnesa  of  band^,  and  their  ciK-ircling  the  dorsal  and  anal. 

Only  one  specimen  known,  ty[«,  Xo.  r>0(>82,  i:.  S.  X.  il.  (original  Xo.  MO),  21  ini-hiti  lo(i|{,  obtained 
by  me  from  the  coral  rooks  at  Honolnhi. 


19.  Oymnothorax  «rcod«B  .leiikini*,  n 


K  S{ie<iet>. 


Head  0.0  in  total  len)|!th,  or  'A  in  diftani-e  from  lip  of  snout  U>  vent;  depth  \2;  finont  6.0  in  head; 
eye  1.3  in  snout;  (tape  2.fl;  Up  of  Hinnt  U)  vent  l.3.i  in  tail;  intenirl>ital  width  Rligbtly  greater  than 
eye,  or  nearly  equal  to  snout.  Bmly  mmleTately  ehmtinleand  nmcli  coinpresHeil;  tail  more  com prt>«>ed 
and  [Ktinted;  mouth  ratlier  lar^e,  the  {Aipo  reaching  lieyond  eye  a  tllatance  equal  to  length  of  snout; 


lower  jaw  stari-ely  the  chorter,  not  iiiui-h  <nirved;  tii'th  all  ]>ointed,  in  2  series  8ntorii)rly  and  3  series 
posteriorly  in  upjier  jaw;  lower  juw  with  the  teeth  in  'i  wrieu  anteriorly,  laterally  and  jsmteriorly  in  a 
single  serieo;  2  large,  shikrp-|iiiinle<l,  depremible  teeth  on  anterior  jwrt  of  vomer,  followed  by  a  acrien  of 
nliunt  n  smaller  teeth  on  the  shaft:  anterior  nostril  in  a  short  tulw  whose  length  is  one-foutth  diameter 
of  eye,  situated  near  tip  of  cnnnt  just  alxivc  the  lip;  posterior  nostril  without  tul>e,  situated  al)0\-e 
margin  of  eye  just  in  front  of  vertieal  throupli  middle  of  eye:  gill-iilit  moiU'rate,  itM  length  l.ii  in  eye; 
origin  of  dorsal  slightly  in  front  of  Kill-'>pening,  height  <if  tin  3..'>  in  head;  anal  similar,  but  lower. 

Color  In  alcohol,  Ixxly  and  fiiiH  light  brown  on  u  whitish  Iwekground,  the  bmwn  arrangeil  in  a 
somewhat  regular  net-work,  giving  the  apjwarani'e  of  mws  of  indistiniTt  whitish  sjsrts  siirronnileil  by 
l>olygonRl  browninh  inters|iaees,  whieh  are  most  distim't  on  tail:  no  whitt*  liorder  to  the  fins  or  tipof 
tail,  and  no  dark  area  around  gill-oiHrning. 

The  only  S|)e(unien  known  la  the  type,  Xo.  ."iOtU:!,  I'.  S.  X.  M.  (original  No.  ■S.'M),  «..'.  indu'slcmg, 
obtaine<l  by  the  AUiatmm  at  Honolulu  in  ISfil. 


to.  Echidna  leihala  Jenkins,  n 


(■  sjieeii-s. 


Head  Tin  total  length;  depths.!  in  head;  tip  of  unout  to  angle  of  mouth  2.  n  in  head;  eye  10  in 
head;  interorbital  K.'i;  giU-ojiening  averysniall  narrow  slit.  ^  in  eye,  with  no  distinguishing  eiilor- 
marking;  ori^u  of  dorsal  welt  in  ailvaiice  of  gill-o|>ening,  :i  in  hnul;  jaws  I'urving  away  from  eaeh 


f/ 
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other,  clrieing  only  at  ti|i;  a  f^w  eharp,  fixed  le^lh  in  anterior  portions  of  }shi>,  tlie  others  all  hlnnt; 
teeth  in  anterior  portion  of  up|ier  jaw  i^harp,  in  a  finale  neries;  in  the  poirterior  [)ortion  a  donhte  Mries 
of  blunt  teeth,  tntween  wliiih  tht  n-'f  of  the  mouth  ia  irowiled  with  blunt  tteth,  l)efOiuing  as  many 
as  I)  series  poeteriorlv;  teeth  in  luwer  jaw  in  2  seriea  anleriorly,  owwinnig  lilunt  posteriorly  ami  appar- 
ently in  3  seriea;  anterior  ntistril  tubular,  near  rip  of  cnout  al>">ve  margin  of  lip;  poeterior  nustril 
smooth,  near  the  midtile  "f  the  upper  margin  rif  the  eye. 

Color  in  life,  uniform  yellowish  hrown  I  nut  lighter  i.n  the  U'Uyl,  IwiugiiiKlribule'l  over  the  whole 
IkhIv  in  fine,  granular  marking;  ni>  trani^verse  haniN  appeariii);  in  life,  hut  evidence  of  lMUidt<,  espe- 
cially toward  tip  of  tail,  appearing  Hrtne  h<'iir-  after  ileatb;  i-notit  while,  angles  of  mouth  hr()wn,  iris 
yellow;  no  other  conspieuoiis  markings. 

The  type  meaeures  17  ini.'hes  in  total  length;  from  vent  to  tip  of  tail,  H.4  inches;  from  lip  of  snout 
to  vent,  8.7  inchet'.  My  cnlUi-tiim  crmlaini^  3  i-pei'imene,  all  friFm  the  reef  in  front  of  Honolulu. 
Type.  S<..  .tOW4,  I'.  S.  X,  M.  (original  Xo.  2s:i|,  H-nolulu;  (vttypes,  No.  7783,  I..  S.  Jr.  Univ.  Mua. 
(original  No.  2368),  l-i.-i  iiuhes  long,  and  No.  2752,  L'.  S.  F.  C.  (original  No.  23««)) .  12  in.hes  long. 


21.  Echidna  nebulosa  (\h[).     '■J'lihitai- 


Color  in  life,  gniund  colur  white,  on  which  is  a  series  of  almnt  26  blai-k  spots  along  rides  of  body 
and  tail,  these  spot.*  hranching  into  very  irregular  reticulations;  a  bright  yellow  spot  in  the  centiT  of 
each  black  Piiit;  the  black  lateral  sj-jls  connerl^Hl  under  IhOIv  with  bmaii,  black  liands;  on  the  lielly 
are  aim  ■H.'car'ional  large  round  hlack  sjMrts  not  conneeteil  with  the  l>anils;  an'riesof  Fpiils  similar  in 
size  and  shape  to  the  lateral  Pi)oia  extending  along  dursal  fin;  there  is  a  black  n-ticnlate"l  lami  around 
the  hea<l;  iris  golden;  inferior  nasal  tut)es  orangi'.     This  i.s  a  brilliantly  inarkeil  eel  in  life. 

The  natives  report  that  this  species  "got-s  ashore  where  it  catches  ii7arlH"  and  other  prey.  They 
reganl  it  with  some  fe&r.     I  obtaincl  but  one  specimen  (No.  292),  22  inches  in  length. 

iiH  tl  Optilchtlio..  Thunb.  l>lincn..  in,  .i.  pi.  1,  Ox.  2.  ITW,  Eut  Indlsi:  OfliilliFr,  CiL,  vm. 


130. 1-^. 
ErhiUun  niri'i/atnlAeeke 
Edudna  smaut  Fowler.  \ 


0.  ri.  c 


T.  fig,  -L 


33.  Echidna  viacta  Jenkin 


lamlian  triandi  (Type,  No.  1M84.  Ac  Nat 


Hea-l  7.2  in  toUl  length  or  :t.7.^  in  dintani 
tip  of  snout  and  lip  of  tail;  ilcptb  alfiut  2. '2  ir 
space;  length  of  mouth  2.7  in  heail;  bo<ly  n 
prcieed  and  pointe>l;  heail  swollen;   mouth  j 


e  from  lip  of  snout  to  vent;  vent  about  midway  between 

bead;  eye  10  in  head,  \A  in  snout,  or  t  in  interorbital 

oilerately  elongate,  compresse'l,  the  tail  strongly  com- 

ilerate.  ga[ie  reai'hing  bi-yond  eye  a  ilistance  eiijual  It 


length  of  snout ,  lower  jaw  shorter  than  U|>per.  curveil  so  that  the  mouth  doen  not  cl 
teeth  bluntly  conic,  in  a  single  series  in  front  in  upper  jaw,  in  2  series  laterally;  teetboi 


se  completely; 
vomer  bitmtly 


L 
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of  molar  teeth  jineteriorl]', 
ic  teeth  on  each  wid*",  and  a 


i-onii:,  in  a  single  series  of  3  teeth,  <lei>reMHible  aiiti-rinrly,  in  a  doulile  i^r 
atiout  7  teetli  in  eaeh  series;  lower  jav;  witlt  a  double  serieit  <if  bluntly  ci 
median  miriee  of  oimilar  tcetli. 

Color  Li  life,  iHHjy  cronsed  by  25  (by  error  24  in  drawing)  broad,  reddish  bniwn,  uon-retiL'ulating 
haiulH,  the  widtli  of  those  at  middle  of  IhhIv  ex(«ediQg  pnuut  and  ere,  the  bands  completely  eni-ireling 
the  iHHly  and  Huparaled  by  somewhat  narrower  light  ban<)Hi  tip  of  iinout  ycllowii<h- white;  the  first 
(lark  Inuid  tlimiigh  eye  broadenini;  on  interorbital  i<puce;  second  dark  band  ermviiig  fide  of  heail  and 
very  broad  on  nnehal  rej^on;  lip  of  tail  narrowly  white.  In  wime  of  the  eotyiiee,  the  dark  erosebanda 
tend  to  break  u|>  below  and  form  retii'nlationtj. 

This  epecieM  is  not  rare  about  llonolnlu  among  the  <-onil  rocki",  where  I  obtained  lli  sjieeinienB. 
It  d'*efl  not  ajipear  to  reach  a  large  eize,  the  examples  in  hand  rai-)nng  from  6  to  1o  iiiehes  in  len){tli. 

Typ<',  No.  60S87,  U.  ».  N.  il.  (original  K<i.  2»i),  1:1.5  iiK'hcs  lung,  ubtaineil  by  the  Allmtrtm  at 
Honolulu.  Gotypes  Xo.  74i>2,  L.  S.  Jr.  I'niv.  Mus.  (original  Xo.  224),  15  int-hes  long;  V.  B.  F.  C. 
(original  So.  282);  So.  2753,  Field  Muwum  (original  No.  2ft3). 


■q:;w^ 


Fiii.  ID.— Xehidna  I'inflaji'nkiim,  lu^w  spti'lcs.    TJT>*- 


II  III  I        III— 


Head   k.:J  in  t4ilHl  lenfrth;   depth   17;  eye  \iJ' 
diHtaiice  fnim  tipof  Mioiit  In  vent  chi;htl y  li'W  than  fivjiii 
rather  deep  and  somewhat  c^imi'ressecl;  heail  narrow,  hoi 


6.75;  iiitcn>rbital  R.Tft;  KajH'  2.H; 
i>nt  to  tip  of  tail;  Kuly  tinHli^ratfly  I'lonjmle, 
!what  swollen  above;  mouth  targe,  tho  gaiw 


/>^ 
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eztenilinif  mure  Ihan  an  eye's  dituiietvr  lieyuixl  eye;  lower  jaw  film rler  tlian  iijijier  aiul  iNiiiiewlist 
curved;  eye  about  midway  between  tip  of  enout  ami  aiinle  of  mimtli;  inlerorl>ital  ojuab  snout;  origin 
ofdorHtl  in  front  of  gill-opening  a  iliiqann!  ciiual  to  len)cth  of  mouth;  ilonal  fin  pometrhat  higher  tlian 
anal,  its  height  icrealer  than  len>[tli  of  enoot;  tail  coiiiprei'Hnl  ami  moderetely  plemler;  a  few  i^hort 
conical  teeth  in  anterior  parte  of  each  jaw;  2  («riefl  nf  conii-al  teeth  tii  each  ^itle  <it  upi>er  jaw;  roof  of 
mouth  paveil  with  itmlar',  in  2  row^  anteriorly,  in  4  |K>!4erioHr;  molars  in  2  xeries  in  each  Hide  of 
lower  jaw;  f"ill-<i|)ening  fniall,  narrow,  length  le?fl  than  liiamelcr  of  eye;  anterior  noirlril  tubular,  near 
tip  of  snout,  foru^i<lerably  aliove  margin  of  mouth;  |K>:lericjr  nostril  niuud  and  inconi'piouou.«,  near 
midille  of  upper  margin  of  eye. 

Color  in  alcohol,  ilark  brijwnish  with  aliout  ;^'<darkcrowilHiid!i,  mostly  an  bnout  a:<ileiilh  of  Ixuly, 
indiiitinct  on  middle  ]>art  of  body,  but  quite  distinct  anteri'irly  and  on  tail;  altemalinn  with  them  are 
white  ones  whit-h  are  narrower  than  eye  ami  which  extend  on  anal  and  donaal  tin?,  the  edjKe  of  the 
bandii  ja^ed,  the  while  bandit  widening  toward  the  belly;  extreme  tip  uf  tail  brown  (iu  the  cotypes 
the  tip  is  narrowly  eilged  with  white);  side  of  lower  jaw  brown,  angle  of  mouth  black  with  while 
Bpot  in  front  on  lower  jaw;  gill-opening  without  <lark  border.  The  2  cotypes  i-how  some  variations  in 
color.  Id  the  larger  (Xo.  2351),  16.5  im^hes  long,  the  body  is  more  uniformly  dark  brown  ami  the 
light  eruHsbandii  are  very  indistinct  except  on  tail;  in  the  other  (Xo.  2353),  9.5  inches  in  length,  the 
white  crusshands  are  very  distinct,  all  completely  encircling  the  body  except  3  or  -1  anleriur  to  vent. 

Three  epecimena  obtained,  from  Honolulu.  Type,  So.  50686,  V.  S.  X.  M.  (field  Xo.  2352),  12.5 
inches  long.  Cotyiiea,  Xo.7725,  L.  i^.  Jr.  Univ.  Mil».  Itield  Xo.  2351),  1S.5  iDchei>  long;  and  So.  2754, 
U.  a  F.  C.  (fielil'Xo.  23.53),  «.5  inchftj  long. 


34.  Echidna,  paalion  JenkiD»<. 


Heail  7.25  in  IhkIv,  or  3.4  in  distaiuv  from  lip  of  cnout  to  veni;  depth  13;  F.m>ul  5..^  in  heail;  eye 
slightly  li'rv  than  fnnut  and  s1i):hlly  nearer  tip  of  Knout  than  angle  of  mouth:  gajx'  2.5  In  h<-ad;  ti]>  "f 
m<int  to  vent  1.2  in  tail;  interorbital  about  eiiiial  to  eye;  iHHly  miHlemtely  eloni.'ate  and  I'omfirewieil 
posteriorly;  tail  slender,  pointed;  gill-o|iening  very  email  and  inii>ni']>ieui.iiU';  anteri-^r  ii'ietril  tubular, 
aliout  2  in  eye,  near  tip  of  snout,  well  above  the  li]i;  iiofterior  nostril  without  Inln',  o\al,  alu've  eye 
just  anterior  to  its  midille;  a  series  of  pores  along  u])per  ii|>  and  a  tieries  on  cai-h  fide  of  lower  jaw; 
upper  jaw  wilhasingte  seriee  of  blunt, 'i-onic  teeth  in  front,  lliiii>e  '>n  sides  smaller  and  in  a  single 
seriei<;  roof  of  mouth  with  2  series  of  large  molaiy;  vomer  in  front  with  a  single  series  of  alxiut  3 
strong,  blunt,  eonical,  depre«wble  teeth;  lower  jaw  with  2  eerie:'  of  blunt,  conic  teeth,  the  inner  the 
larger;  origin  ot  dorsal  in  front  of  gill-opening  a  distance  e<iual  to  'ini>-foDrth  the  hea<l. 

Color  in  alcohol,  a  series  of  27  narrow  brown  bands  alternating  with  uiiler  light  landi-,  the  narrow 
bauds  mostly  BORie what  narrower  than  eye,  the  light  ones  niuetly  twiiveye;  a  eerier  of  narrow  imrallel 
brown  longitudinal  lines  on  siile  of  head  in  front  of  gill-opening;  the  anterior  bniwn  liand  running 
through  eye,  the  itecond  aniund  hea>l  posterior  to  gajie;  angle  of  moutli  brown. 

Only  one  specimen  obtaineil.  Type,  Xo.  50685,  U.  B.  X.  M.  (original  So.  2355i,  13  inches  I'mg, 
Honolulu. 
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Family  VIII.  ELOPID^. 
26.  ElopB  aauruB  Liuiutiu. 

TliiB  apedwt  in  very  aliundaiit;  nuiiieroiiH  exainpliM  are  usually  in  the  [iiarkel,  some  rewhinK  » 
lent^h  of  2.5  feet     It  is  not  very  IiIkIiIv  ei<t«eiiieil  oh  food. 

ColiiT  iti  life,  dorsal  aiiiiect  gmy  witti  >;rt^iiiHh  and  bluish  reHections;  lielly  flilvery;  dorsal  and 
caudal  fins  dusky;  pectoral,  ventral,  and  a:ial  yellowii>h  bniwii. 

Three  specimena  were  obUin^tl  by  me,  12,  13,  and  11  inchef  in  length;  3  iiy  tlie  Albatnin*  in  l«l«, 
11,  10,  and  10  inchef  in  length;  and  1  by  Jordan  &  Snyder  in  1900,  8.5  inches  in  length. 

eiopt  num*  Llnnwiu,  Syst.  Nat.,  ed,  xii.  .'SIM,  I7M.  raniltiu:  UHnlher.  Cat.,  vii.  47D.  IWi;  B(«<niUr1iner,  Deulu.  Ak.  WIib. 


Family  IX.  ALBULID^. 

26.  Albulft  vulpea  {Linmcus). 

Many  Hitwinienv  obtained  by  nie  nixl  two  by  I>r.  Wool.  This  is  a  very  important  food-tlsh  in 
the  Hawaiian  iHlands.     Kxainpltw  of  li  feet  or  more  are  often  »e«n  in  the  market 

Color  in  life,  bright  dlvery  with  About  7  gray  streake  parallel  with  tlie  lateral  linv. 

Bna  ruipet  UiiiuciM.  SyM,  KaL,  ed.  i,  17M,  313. 

Jftrifanin'jrifnrAa..  Slni'M.  Bull.  L'.  K.  Nal.  Mub..  Ko.  7.  7B.  m77  (Honoliiliil. 

Albula  gloHodvnIa.  Slelndachnvr,  Dviiks.  Ak.  Wing  Wlcn.  i,\x.  IWO.  513  iHatiiilulu). 

Familj  X.  CH.ANIl)^. 
27.  CbftnoB  chftnoB  (ForekAl).     "Aiai."     The  small  "  I'wtiiuia,"  the  Urge  " Avsakiilajnatii." 
One  of  tlif  moHl  abundant  a[i<l  inijiurtant  fooil-fieheH  at  Hiinnlulii.     I  obtained  several  HpecitntiiH. 
Mugarhaiu>t¥vn)i%i.  IK-wripI.  Aninul.  74,  I77.V  KikIKi'h. 
Chanat  tnlnu-nfun  l^iivier  &  Valuiii'iennni.  HIn.  Nal.  Fiiiiii..  xix,  Wl.  1HW.  U-lwii'ii  Nuw  CuleiluiiJa  aiiil  Nurlulk  lalaud; 

*  Uiinlhvr,  Olialleiifn>r  Sepiirt,  i(harcF1iih<>«,6I.  l>«IO(rui.'fi>at  Hiiiiiiliilii), 
Ckanm  FvpHneOa  Cuvler  «  Vali'ni'U^nnn'.  Hint.  N'aL  Pfibx..  xix.  IW.  IMfi.  IlawHllan  l<laii(lB. 
CAoBui  cAonof,  HtoindacliiiL'r.  Dcaia.  Ak.  Wlw.  WIen.  Lxx.  1900.  .'itt  (Uuuululu). 

Family  XI.  CLUPEIl)^. 
2B.  £trum«u8  micropus  (Schleficel}.     "J/fntiiiuvi." 

Thin  speeieH  liiitil  now  inly  known  from  Jajian.     D.  IK;  A.  H. 

Color  in  lift',  U]>|H'r  (lart  of  IkhIv  {.'H'enish  blue  with  bright  nielallii'  reHecliontt;  lower  two-tbinlB 
of  lH)dy  bright  silvery;  Htxiiit  and  In  front  of  the  eyei<  transparent;  irie  w)iit4^  with  metallic  reflections; 
iridt-Hi.-ent;  pectoral  Hns  olIvHceoU)';  snout  traiiKluifnt. 

Tbie  Bpecies  ifl  at  times  fairly  abundant  and  in  much  efteenieil  an  food,  bringing  a  high  price. 
I  obtained  wveral  ppccimenK.     Two  are  in  llr.  Wocnl's  iv>lleclion. 
(•l«,^-a  micnipn'  ik-li )<-)[>' I.  Fallliu  JalHiiik'n.  I'uW..  ■£!••.  |>1.  107.  Hk.  'J.  IHI.  Jslwii. 
£lrvnte«i  iiiHTu/-™.  Bli-fkiT,  WtIi.  Sat.  (icn..  xxv,  IsM.  tH  (Japaiil. 

Family  XII.  FNGRALLIDID.-E. 
29.  Anchovia purpurea  (Fowler). 

This  spwies  is  very  aliun'iantaliout  the  reel  of  Honolulu.  1  ohlaineil  iiunien)ua  specimens.  It 
appears  to  he  the  )<|)eeieM  lieMTibed  from  a  H|H'idmen  In  the  Museum  of  the  Academy  of  Natural 
Sciences  of  I'hilaiielphia,  by  Mr.  Fowler,  in  1!KX). 

I.  Scl.  I'hila.  IMJU.  i'Ji,  i>1.  XIX.  Og.  1.  Hawaiian  lalauda     IType,  Nui.  Ijfau  ftnd 

oll.W,  il.Juiiw.i  ■ 


i 
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Family  Xlll.  SYN0D0XT1D.€. 

30.  TracliinoceplialuB  myops  (  For^ter) . 

A  Fi»e<*inien  <»f  this  Hsh  apjjears  in  Dr.  WckkI's  coUei'tion.     It  is  7.25  iiiche}'  lon^  and  l«  No.  2069. 
I  «lid  not  obtain  it. 

SiUmo  mffttpjt  ForsUT.  in  x-hneiUer.  .^^y.-l.  Irhth..  \1\,  1H)1,  SI.  Helt'iia. 

SaMritf  tnirhiinn'  S<hle>ri*l.  Fauna  JMfNUiicM,  Poiv*...  231.  pi.  106,  fig.  2,  1M2,  Ja|>Hn. 

Sifmtdmt  mtjuit*,  Bki'ker.  Atla.*'  Irhth..  vi.  \W,  \>\.  27>».  fig.  :t.  \f<li}-l'l. 

Trachinoctyhalu*  myoit*.  Jortlan  «V  Evermann,  FL^hes  North  «k  Mid.  Amer.,  i.  .i:C5.  IK*. 

31.   SynoduB  varius  (  Lacv{>e<ie  K 

Two  exam[>le>*  of  tlii.«  \\A\  wt^rt*  o))taine<l  (tii*l<l  Noh.  2070  and  2071)  5  and  5.5  in<-lu*8  in  len);tli. 

There  is  one  4.5  inclu*?  l<>ng  in  Dr.  WckkI's  collection.     It  i.»*  found  with  Sftnridn.  tjracifii*  in  the  coral 

sand  on  the  reef,  and  with  it  expoae<l  for  sale  in  the  market. 

}<tti$itit  i-uriuM  La^-ciKKle.  Ui.««t.  Nal.  Pown.,  v.  221,  pi.  3,  fig.  S.  l>*Xi,  L«<le  <le  Franco. 
SjfittftitiA  mriuji,  SU'indachner.  iX'iikx.  Ak.  Wiw.  Wien.  i..xx.  lUUO,  .^13  (Honolulu  anrl  I^ysani. 

Syttodujt  fharjti  Fowler.  Proe.  M\  Nat.  Sci.  Phila.  190U,  497.  pi.  xix,  fig.  2,  Hawaiian  Ihlandb.     (Type.-.  Nob.  160W  to  16CW6. 
Ac.  Nal.  Sci.  Phila.  Mus.;  coll.  W.  H.  Jone^.) 

32.  Saurida  gracilis  (Quoy  «!^  (iainianl). 

C/idor  in  life,  uppt^r  i»art  of  UkIv  <lra!),  lower  white;  upper  part  with  many  pearly  white,  dark,  and 
blackish  9i)ot«  ho  intermingle<I  a«  to  give  the  I'olors  and  shadings  of  coral  sand  in  which  the  species  is 
found;  H  or  9  groups  of  black  sjKjt^  along  the  lateral  line.  I  have  8  spec-imens,  5.5  to  6  inches  in 
lengtli.  I  saw  n<me  larger  than  ♦>  inches'.  They  alxjund  in  the  coral  sand  on  the  reef  and  elsewhere 
and  are  sold  in  the  market. 

Stiurwf  i/mrHtJ'  l^uoy  &  (iaimard,  Voy.  de  ITranic.  Z<h»1..  221.  1X24.  Tiniur. 

S(turida  wbnUnii  Cuvier  «k  Valencicnner*.  Hi»t.  Nal.  PoLss.,  xxii.  5(M,  pi.  6I>.  IM'J.  Isle  de  France:  Streeu*.  Bull.  I'.  S.  Nal. 

Mu-M..  No.  7.  76.  1H77  (Honolulu;. 
Siiurida  tmnbU,  Fowler,  Proc.  Ac.  Nal.  .S<-i.  Phila.  190i.».  4»»  i  Hawaiian  I>landM,>. 

Family  XIV.  BEL0MD.4:. 

33.  Belone  platyurus  Bennett. 

A  nuiiilKT  of  .^iKH'iiiicii.'^  of  tbi.«  tish  were  taken  by  me.     The  longest  (Held    No.  3tl2)  is   !♦>  inches 

long.     It  is  abundant  and  is  brought  to  the  market. 

B*ltfH*  jtintt/nriijt  Bennett.  Pn»c.  romni.  Z<niI.  .<<x'..  1^3^>.  1^>>». 

Bdotu  itfatum,  Cuvier  «^:  Valenrienno.  Hist.  Nat.  I'oiss..  xviii.  l-M.  lM»i;  Tiunther.  rnt..  vi.2:i7.  1>^.;  Streets.  Bull,  f ".  S.  Nal. 

Mus.,  No.  7.  7.\  1**77    Honolulu  <. 
B*Jon(  rnriiintn.  C'uvi«TtV  Valenciennes.  Hi>l.  Nat.  Poiss..  xviir.  4^r7.  1M6  iSandwieh  lslajid.«>>. 
McufiacemhfJii* i^nturu*.  Bleeker.  -Vila.-*  Ichthy..  vi.  .50.  pi.  257.  fig.  1.  1872  (Singapore.  .Vniboynai. 

34.  TylosuruB  gigunteus  (Schlegel). 

Two  s|H»cimens  were  obtaine<l  by  me  in  1H89,  the  larger  (field  No.  104),  440  mm.  in  length,  gives: 
I).  23;  A.  22;  origin  of  vcntrals  mi<lway  lx»twi»en  l>ase  of  miHlian  caudal  rays  and  center  of  eye;  eye 
1.5  in  interorbital,  2.X\  in  jnistorbital  part  of  head.  The  smaller,  195  mm.  long:  1>.  22;  A.  21;  origin 
of  ventrals  midwav  l>etwei»n  liase  of  minlian  caudal  ravs  and  fr<mt  of  eve. 

*  mm 

Color  in  life*,  U|n»er  |>arts  liglit  green;  lower  [>arts  silvery  white. 

H*inw  ifiifinOa,  S*'hlegel.  Fauna  Jaf»onica.  Poisf*..24o.  lKt6.  Japan. 

HHnm  annu/nlii.  Cuvier  &.  Valeneienn**s.  Hisl.  Nat.  Poi.««5..  xviii.  447.  1«64.  pi.  ViO.  Gunther.  Cat.,  vi.  2V),  l>*fi6;  Steindachner, 

Denk.**.  .\ka«l.  Wi«s.  Wien.  I.xx.  M2,  1900  (Honolulu  and  Samoa). 
Ma^armUximt  annuUUuM.  Bleeker,  Alla.<  Ichthy..  vi.  48.  pi.  2.SK.  fig.  3.  1S72  ^Ea*st  Indiej>'i. 

35.  Athlennes  hians  (Cuvier  <^  Valenciennes). 

Tliree  si»e«-imenH  were  obtaine*!  by  me  at  Honolulu,  the  largest  2H  inches  in  length.  These  are  the 
first  specimens  of  the  s|>ei'ies  reported  from  the  Pai'ific  west  of  the  American  coast.  My  specimens  do 
not  differ  fnnn  the  des<.Tiption  of  A.  hinnx  nor  in  any  way  from  a  spe<nmen  of  that  species  in  the  Stan- 
ford University  collection  from  North  Carolina,  with  which  they  have  lx?en  compared. 

F.  C.  B.  1902—28 
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3Ti  Kreatwt  ileptli  of  Ixjcly  at  liase  of  v«ntrab>  i:i  in  lonKth;  licaul  witii  Ixak  3.75  in 
1,5  iu  liMiil;  cyo  2  in  pOHtfirbituI  jiart  of  head;  inlemrbibil  fliKhtly  Kivater  than  eye; 
y  iiarntw,  altout.  7  in  eyi;;  p«N:b>raI  a  little  i^ruater  than  greHtcft  tiepth  of  Imly,  m|U&1  to 
front  (if  i>ye  t<i  iiiiii^ii  of  iiperi'lir;  venlralit  shorter,  etjiuil  ti)  diHtanct-  (nnn  center  of  eye 
i|H'ri'le,  their  )wk«  midway  lietwiH'ii  tlii'baBtM  of  iiiiilian  catulsi  niyn  and  front  of  arched 
iiandihle;  fmnt  {lart  iif  dnrnttlundanal  falriforui;  IcinfRvt  raj's  of  dunal  iHiualiiiK  distuice 
ventral  to  [lOBterior  TimrKin  i)f  o|)crfle;  loniKHt  myu  of  anal  <i|ua1  jiH'toral,  and  i>i|iulinK 
front  of  fyi*  to  poHtcriur  niaiyiii  of  o|itK'le;  vanilal  forht-d,  lowyr  lolje  the  loni^r;  ptm- 
ivH  liin^^'r  tlian  the  nie<liaii  i>ne><. 
iidani,  l«in)c  bniuKht  in  niiinlierH  to  tlie  nmrkel.     It  m  wtounuil  aH  a  i^ood  fumi-llBli. 
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xiJurdiiii 
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Family  XV.  HEMIRHAMPH1U.€. 
.  Hsmir&mpliua  brssilienaU  |  Linn 

1  tojx.f  lii-a.!  and  Ik.I; 


ih). 


below: 


entral  ^^iile  of  lK«k  nil,  ti)i 


('oh>r  in  lift',  dark  blue  < 
orant^.  ui>)i«t  Hiile  ilurk. 

Ahundanl  at  Honolnin,  laTje  nnndum  Iminc  tiroii)ilit  to  tile  nutrket  fur  bbIi-.  Several  t<|>eeiniuHD 
wen-  obtainnl  by  ine.  In  conijiann);  tliein  witli  otlierH  from  the  Weft  Indicv,  no  other  titruL-ttinil 
difterent-ef  could  In-  not*^!  than  Ihe  xliKhlly  lon)n.T  jiecloral  fin.  ai^  may  lie  Been  from  the  table. 


'.5,m;«iJ 


llBWnllmi  I-lHli'1>.  W™t  Itldk'K. 


.    H«d< 


I  (Ipol  ii|>prr]aui tt 

jaw  (Irum  lip  <if  iiiqvT} n 


II      II  I   liH    II   . 

ffi  ,     ai       M       3t> 


.   inteiurblUiI 


tcmlmmiihlir  nuirrochiraf,  l-oi'v.  MuiuuriHK  CuIm.  It.  LIN,  1>!£6-M  iIKAl)  iCtibni. 

37.  Suleptorhampbua  longirostria  (Ci)vier|. 

This  iH  the  lirat  rvi-onl  of  K.  lui<-jiriK<lrii'  from  Itie  Ilawniinn  THlandH.     It  \a  liroiiKhl  I'j  the  markets 
n  nmnVierw  and  »>ld  for  fiB>ii.     Seven  HiH-cimenN.  lit  to  18  inchei^  in  length. 

Color  in  life,  dark  uliove,  a  lonKitndinal  (silvery  band  on  the  i<ide;  belly  wliilt-:  lieak  black. 

R.'lini.'  AiiimHl.  111. 'J,  n,  ^XK.  1k><.  Itulio:  Ciivivri  Vali'inluniii.''.  HIM.  NhI.  l^ljr-.,  xix. 


Fainily  XVI.  EX0C(ETID<€. 
38.  Evoluitia  inicropt«rs  (Curier  A  Valeucifniiec). 
Tlii)>  if  tlic  lirr^l  rei'onl  of  the  sfiecicft  from  the  Hawaiian  inlands.     Kit:ht  Hpecinienp,  R  to  7  in<;li(» 
n  length,  were  obtained. 
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Color  in  life  (field  No.  229),  upi»er  {lartn  <iark  blue,  below  silvery;  dorsal  bluisb;  pec-toral  somewhat 
dusky,  especially  toward  tip;  anal  and  ventrals  white;  no  definite  markings  on  any  of  the  fins. 

Esoctrtw  mirrojptrrtut  Cuv.  A  Val..  xix.  l'J7.  pi.  r«63.  1846:  Giinther.  Cat.,  vi,  279.  IhSfi:  Blevkcr,  Atla*  Ichthy.,  vi.  77.  pi.  '249. 

fig.  1.  IhTl. 
i.'yjmJurujt  mhTojfttruj'.  Blet-ker.  Ne<lerl.  TyMwh.  I)ierk..  iii.  12M.  I>i65  ( Amboyiia). 
Krolonlin,  Siujdgra.'*;  il:  Heller,  msp. 

30.  Parezocoetus  brachyptenia  (S>lander).     '"MnbAo.^^ 

1).  \'.\\  A.  14;  origin  <>f  dorsal  just  over  that  of  anal:  pe<-toral  n-aching  jnst  l)eyond  origin  u{  anal. 
Color  in  life,  ii[)pt»r  i>art«  <»f  head  and  lKj<ly  <lown  to  lateral  line  a  brilliant  inrligo  blue,  Ijelow  thi>* 
silvery- ;  dorsal  with  a  large  dark  blue  blotch  towanl  tip;  pectoral  transparent;  caudal,  anal,  and  ven- 
trals  colorless.  The  Hawaiian  spe<'imens  were  compared  with  one  in  the  8tanfonl  I'niversity  Museum 
from  Pensacola,  Fla.  No  differences  couM  Ik?  detected  further  than  the  slightly  shorter  dorsal  fin  in 
the  Florida  specimen,  which  difference  is  pnjbably  only  an  individual  variation.  Ver\'  abundant,  large 
quantities  lM»ing  brought  to  the  market,  where  they  bring  a  good  price.  Eight  specimens  were  taken, 
6  to  7  inches  in  length,  and  2  are  in  Dr.  Woo^l's  collection.     I  obeer%ed  none  over  7  inches  in  length. 

FjTortrtu*  brnrhtfpterug  Solander.  in  Rieharison.  Ichthy.  China.  265.  1846.  China:  Gunther.  Cat.,  vi.  2S0.  \>^66  lOtaheiti  and 
China  i:  StreeU*.  Bull.  U.  S.  Nat.  Ma^^..  No.  7.  75.  1877  (Hawaiian  Island^);  Steindachner.  Dcnks.  Ak.  Wiw,  Wien. 
LXX,  1900.  512  (Honolulu  and  Laysani. 

Ejrvcaius  hUiiauus  G<»«e.  Nat.  .Sojourn  Jamaioa.  n,  II.  pi.  1.  tig.  1. 1K51,  Jamair-a;  Giinther. Cat.,  vi,2K4. 1H66:  Poey.  Mem.,  ii,301. 

Pnrezoaxtus  nuintjgastfr  Jordan  «fc  Evermann.  Fiiihen  North  and  Mid.  Amer.,  i,  72J!i,  1896:  Fowler,  Proc.  Nat.  Ac.  Si'i.  Phila. 
1900,  500  (Hawaiian  I.*>land.H);  Evermann  &  Marsh.  FLshes  of  Porto  Rico,  Bull.  U.  S.  FL<(h  Com.  1900,  lOQ. 

Tlie  figure  of  Exwfrtnj*  mesotjiiMer  BUn^h,  xii,  17,  pi.  399,  can  not  V^e  of  this  species. 

40.   Exocoetus  volitaiis  Iinna*us. 

A  single  8j>ecimen,  5.5  inches  in  length,  was  picked  up  on  the  l)each  at  Honolulu,  and  one  H  inches 
in  length  was  collected  by  the  AlUUn^  in  1891,  in  lat.  28°  (XJ'  N.,  long.  143°  KK  W. 

Color  in  life,  ba<*k  very  dark  l)lue,  with  greenish  reflections,  especially  along  the  si<les;  belly 
silvery  white;  pectoral  rays  <lusky,  the  membrane  not  so  dark.     The  pectoral  reaches  root  of  caudal. 

Exocirtujt  r^jtitnn*  Unna-us.  ."^yst.  Nat.,  ed.  x.  31t».  17.^8:  Fowler,  Proc.  Ac.  Nat.  Sci.  Phila.  1900,  500  (Hawaiian  lKland.«). 
Ex»fcaim  (rttlnrw  Linnau>.  .<yst.  Nat.,  c*!.  xii.  i.  VJl.  I7rt6:  Gunther.  Cat.,  vi.  'ifri,  1>66. 
IlalocypffiM  crtAan*.  Jordan  A  Evermann.  Fishejfi  North  and  Mid.  Amer.,  i.  729.  1896. 

41.  CypsiluTUB  simus  (CuvierA  Valenciennes). 

Dorsal  i>rotile  gently  and  evenly  convex  from  tip  of  snout  to  caudal  pe^luncle;  ventral  profile 
straight  from  hea<i  to  front  of  ventral  fin;  <lepth  5  in  length;  head  4.25  in  length;  snout  wide,  its 
anterior  straight  traiisvc»rse  lM»r<ler  1.8  in  length  of  snout;  length  3.5  in  head;  lower  jaw  not  projecting; 
depth  of  head  e<jnaling  distan<'e  from  tip  of  .•'nout  to  mid<lle  of  pre<^»percle;  eye  3  in  head;  interorbital  a 
little  concave  (varies  from  flat  to  considerably  c<>ncave),  3.5  in  head;  teeth  conical  (varying  from 
tricuspid  in  smaller  s|>ei-iiiiens  to  bicuspid  in  larger  ones  and  conical);  gillrakers  short,  flat,  mostly  of 
etjual  length,  5  in  interorbital,  16  on  lower  limb  of  an*h;  pectoral  15,  reaching  to  h>ase  of  caudal,  first 
ray  simple,  se<-ond  divi<ied;  ventrals  6,  reaching  past  middle  of  anal;  I).  13  (varying  from  12  to  14); 
third  and  fourth  rays  longi*st,  2.5  in  head;  last  ray  longer  than  the  penultimate  ray,  4  in  head;  A.  8, 
shorter  and  lr>wer  than  <lorsal  (rays  varying  from  7  to  9),  sei.'ond  and  third  rays  longest,  3  in  head; 
lower  lolx»  of  (*au<lal  mu<*h  l<>njfer  than  upper,  length  of  tip  from  last  vertebra  aVxmt  3.2  in  length  of 
body;  length  of  upiH»r  l<»l)e  of  catnlal  about  \M  in  lower,  5  in  length  of  Ixniy;  least  depth  of  caudal 
jieduncle  but  slightly  le»»  than  its  length,  3  in  heail;  50  si-ales  on  lateral  line,  tube  on  each  si-ale  with 
numerous  fine  convolute<i  branches  on  lower  half  of  scale  only;  31  scales  <m  mid-dorsal  line  in  front  of 
doreal  fin;  12  scales  on  oblique  row  lx»tween  front  of  dorsal  and  anal  fins,  8  from  dorsal  to  lateral  line. 

Color  in  life,  upj>er  parts  dark  blue,  ba^k  almost  black;  belly  silvery  white;  generally  a  dusky 
area  behind  opercle  at  l)ase  of  pe<-toral;  vc^ntrals  and  (^udal  transparent;  pectoral  varying  mm-h  in 
coloration.  In  1  specimen  the  first  i)ectoral  ray  was  white,  the  membranes  of  the  next  7  rosy-brownish, 
the  membranes  of  the  rest  transf»arent.  Another  hail  the  pe<*toral  fin  nearly  colorless,  with  only  a 
small  amount  of  diLsky  <'louding  and  several  small  bla<*k  spots  on  the  membrane.  In  others  the  pt»c- 
torals  are  closely  covere<l  with  round  or  oval  black  spots,  varying  in  different  spjecimens  from  many  to 
few.  Others  again  have  none.  Since  tliere  are  no  discoverable  structural  differences  between  the  speci- 
mens ha^^ng  spotted  pectorals  and  those  having  no  spots  on  those  fins,  and  since  the  number  of  the 
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spotH  v»ri«fl  wi  gfeatly  dii  those  thdt  jHweess  thi-m,  there  are  ni)  j^roondH  on  which  the  ppeciineiiB  with 
ppottetl  [HH^tiiralM  pan  !«■  i4'|iarattii  Irum  thfwe  witlioni  (i]Kiti".     Hence  the  synonymy  given  lielow. 

Kifcht  Hppfinieri!'  wore  i-ol1ivte<l  at  Honolulu  in   1AK9  (tielil  Nfw.  Itt6,  167,  IRH,  101.  192,  1»3,  IM, 
an<l  i'm,  unit  t!  i'|x>i-mieiii>  were  lolWleil  1>y  Jonlan  i^Snyiler&t  Honnlulu  in  lUOO  (tielil  Nox.  at,  M, 
(V),  117,  OH,  an<l  lyt),  an<l  1  HiKi-iinen  1  (ielil  No.  2MH )  ix  in  l>r.  Wood'x  collettioii.     TheH«>  xiietiinen?  are 
11*  to  Vi  ini'lie^  in  Itniitli.     Lat)k  nunilwrs  are  eantilit  at)oiit  Ilonolnhi  anil  brought  Ut  the  market. 
MduurrmaiU  >if  iiiw  ej-innjJen  of  Cyiutihirnt  ni'nitu. 


Kffi" 

mim 

'.W>v.'.'. 

K;-;.'s.r;r,silvi.-r,.K™:-- 

■  S!;:;lK:;?^i' 

nuuliil  pediinclv 

I  IU6.    IBS.    1S3. 


,4.-)     M '  3e  : 


ItM.    Va.     191.  ' 


■;  ■;  ■?! 


fnmrriMiifMMiiC'iivler*  VHliiii'teniiva.  Hl«l.  Nnl.  I'iiIm..  i 
r/;B«r(i»i-rr«r»(*-™«<'iivl.T  AVuli-mU-Hiiir-.  IHsl.  Xm. 

■m.  IMW:  Hlii'kcr.  .IIIhk  Iililhy..  vr.  ;t.  |>l.  '.£^'1.  Hr.  !<,  ■»». 
£ninr(iM>iAi(ifiir<i>lHiHli-r,  111  <'iivIiTi(:  VHlitii'li'niiiis  a\»\.  Niii,  I'iiIml.  Xrx.  ll-J.  IH 
?£«.nrfH»«(ii7>i(i«THiiriivlcr*  V»leiu-i.-nni^.  HM,  Xm,  liriic..  3t«.  11.1.  IKIH.  mm 

BkflEiT.  Alliw  Ichlh)'..  Vi.  71.  |il.  -Sii.  tit-  'i.  INT2. 
Er-mrltittin^iiia  KItvkrr,  Kop.  Rxw.  S-wl.  T>-Hn-Ii.  Dlcrk..  ill.  11V.  iMi.'-;  Hli-rkgr 

(Hiimatni.  Batjnii):  Siflniliii'hnrr.  lii'iiks.  Ak.  Wlw.  Wlcii.  LXi.  1900.  -'^I:J 
?  A>incli»cii/(a/i>rTua(iiliilhtr.  riil.,  Vl,  p.  ■»1.  \mi\,  ['aiiniiin. 


42.  Oypailurus  bahienais  (Hanzani). 


One  ij|ie(:iriien  uf  thi."  tiuh  nan  olrtainiil  by  iiit^ 
by  l>r.  «'oo<l  (llelil  S<i.  IIIMS)  13..T  inches;  and  .. 


\vm,  15  iuehex  in  length  (flel'l  X«.  I 
liy  .Ionian  &  Snydir  (fielil  Xo.  W). 


1.  Illerl 


p;  Ji<rc1iiii  k  KvcnnHiii 
IIKKI.  .SliirRunululul. 


V,  isnii 


43.  Cypailurua  atriai^nia  Jetikiiii'.  new  K|N!i'iee. 
Ileail  4.:i  in  kntrth:  ilepth  "i.ri;  I).  Vt-.  X.  10;  ]'.  14;  lateral  line  alnnt  fHI;  s<iilii>  liefoni  tlic  .lorm) 
fin  'M;  scaleK  iM'tu'een  ori^'in  of  itorivl  aii'1  iHteral  line  il;  IxhIv  elongate,  hnnul  clorHully,  narrouin); 
venlrally,  Imuvli'Mt  jn^t  in  front,  uf  liami  of  iwi-tKral",  whi-n^  it  is  nearly  un  bniud  hh  IIic  <ie|itlj;  top  of 

Intenirbitiil  n|iii'v  iijiialin);  •liflami-  fnuii  jHwlericir  inaryin  of  cyi'  to  inanrin  of  o|n>n-!e;  eye  laiye,  itw 
ivnteraiileriorloi'eiiliTof  lieail;  winiil  Ii'jih  tban  eye,  winiewliat  imintvl.  lower  jaw  Blijthtly|irojwIinj(; 
maxillary  ini'tiuieii  and  failiti);  cimsiileraliir  nliort  of  anterior  inuiyin  of  eye:  pi-ctorat  reaching  tip  of 
laHl  <l^r^«l  ray;  ventral  n'arhint;  to  one-thinl  the  lia»>e  of  the  anal;  itt<  origin  halfway  U-tween  t^ye 
anil  liHse  of  I'au'lal:  orifiln  of  ilorsal  itiiieh  in  H<lvaiii-e  of  vent,  its  ilistance  fnmi  lirxt  caiulal  ray  t.4 
timiTi  lii-aii.  till-  liinj,ii<l  ray,  the  aiili'rior  one,  alBiiit  .S  the  liead;  lower  lolie  of  caiiilal  tile  loniter. 

Color  ill  iili'iihol.  iliirk  )>iir|i)i'aU)ve,  liuht  U'low;  rlornui  tin  witti  blai-k  H|M>t  alHiiit  0.7  theiliamel«r 

of  eye  iH-lwH'n  eij.'lilli  ami  eli-veiilh  fpini'H;  ramlal  hikI  vetilralx  coIoHi-hh.  in irkiii;  -tn'ntraln  while, 

witlioiil  siKilc;  ii'i-loral  rays  ami  nicinliraiieH  very  dark  jmrple  aUive.  the  ray,"  lijiht  U'low,  the  mem- 
lirani-M  with  liiai'k  .»|hiIh  on  anterior  ami  ]H>>'terior  iHirlions. 

One  H|ai'hncn  ( Hel'l  N'o.  197)  13.5  inehes  in  k-nfrtli,  wbh  taki-n  by  me  in  lim  at  Elonoiuln.  Tv[>e. 
No.  50Ti:i,  r.  S.  X.  M. 


// 
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Family  XML  AULOSTOMID.^. 

44.  Aulostomus  valentini  (  Hlei»ker).     '' Xunu.** 

Color  in  life  (field  Noj*.  165  an<l  179),  dark  brown,  with  li^ht  cn>ssl>arja,  al)ont  17  in  number, 
lK.»tween  eye  and  dorsal  fin,  5  otiiers  jxij^teriorly;  also  alMUit  4  longitudinal  whitish  hands,  much  more 
distinct  when  the  fish  is  alive  in  the  water;  l>a<e  of  dorsal  and  anal  black,  with  the  anterior  iK>rtion  of 
each  reil,  |)osterior  [H>rtion  of  each  paler  but  also  tin^t^l  with  n^l;  «auilal  olivaceous,  a  black  sjH)t  on 
upi>er  mar^n  antl  one  opjH>site  on  lower  marjrin:  }M>sterior  to  thcsi'  sfiots  the  margins  are  re<l;  a  bla<*k 
line  extending  forward  from  ea^^-h  eye,  meeting  along  sn«>ut.  this  internipted  with  al>out  5  whitish  l>ars 
aiTOv  snout;  ventrals  each  with  a  s|>ot  at  Iwise.  Although  there  were  individual  variatit>ns  from  the 
alx»ve,  I  did  not  see  any  of  the  bright  yellow  forms  figure<i  by  (iiinther  in  Kis«he  <ler  Sfulsee. 

This  Sjiecies  is  fairly  abundant  at  Hon<>lulu,  when*  I  caught  four  six**'imens  with  a  dij^net  off  the 
wharf,  ranging  from  6.5  to  8  inches  in  length.  One  si»t»cimen  i  fiel<l  No.  03583)  was  obtaini'd  by  tlie 
AlhatroM  in  189*).  Three  others,  each  bS.5  inches  in  length,  are  in  Dr.  Woo^l's  collection.  Others 
much  longer  were  seen.  They  are  very  l>eautiful  objects  in  the  water.  They  are  able  to  dart  with 
great  rapidity  through  the  water  and  were  seen  frequently  fee<ling  on  something  at  the  surface. 

Piflypterirhtht/9  rafnitini  Blet?ker.  Nat.  Tyd?*.  Xe<l.  Indie,  iv,  is'vt.  «iO^.  Tt-matc. 
Aulonioma  Wii<7ixm  .^ohleK**!.  Faun.  Jai»on..  Pr>iss..  320. 

Auiftetoma  chinenif.  Streets.  Bnll.  V.  S.  Nat.  Mus..  No.  7.  71.  1^77  (Honoluhn;  Steindarhner.  I>enk.««.  Ak.  Wi.ss.  Wien,  LXX, 
1900.  502  t  Honolulu,  I^ysan)-.  (Jiinlher.  Fi^'he  dtr  Sii«|s«f,  vii.  221.  \*\.  VJ:\.  fiifs.  B  and  C.  ISSl  (Hawaiian  Inlands). 
Aulottomuf chinenti*,Yovf\vr.  Pr«K'.  M\  Nat.  S<i.  Phila.  1«X>.  tou  Hmhu". 

Family  XVIIl.  FISTUL.\RID.4:. 

45.  Fistularia  petimba  I.Acepe<le. 

This  ppe(*ies  is  quite  abundant  at  Honolulu.  Thirteen  examples  were  taken  by  me  in  1H89,  and 
2()  were  c«)llecte<l  by  the  Altmirtnv  in  18W  at  Tahiti. 

PiMulnria  petimbti  IjiCep*><lf.  Hist.  Nat.  Poi»...  v.  :i49,  IMWi,  New  Britain.  Isle  of  Reunion,  e<iuatorial  Paritic. 
Fiittulnn'it  ihjirf>n»i  (iunthtT.  Rep.  Shon*  Fishe?^.  ('halUwHr,  ti9.  pi.  .S2,  fi^.  1).  Ihso.  Sulu  An'hi|ielaifo. 

46.  Fistularia  serrata  Cuvier. 

Color  in  life,  upper  j^arts  <lark  drab;  lower  white;  tii>s  of  dorsal  and  anal  antl  lol>es  of  (-audal  rosy 

with  dusky  shades;  pectoral  transjiart^nt.     Fifteen  si)ecimens  were  taken  by  me  at  Honolulu. 

FiMutnria  MnrnUn  Cuvier,  Kt^^ne  -\nimal.  «*d.  i.  vol.  ii.  M9.  1*<17.  .Xmeriea;  aflt-r  Bloeh;  ."Streets.  Bull.  V.  S.  Nat.  Mus..  No.  7, 

74,  1H77  ( H<»nolului. 
FMuUiria  petintlm  Jordan  iV:  SnydiT,  Pnx'.  T'.  S.  Nat.  Mus..  vol.  xxvi,  rj.  iy<rj  i.TapaU'. 

Family  \\\.  .\THER1XH).4:.  The  Silversides. 

47.  Atherina  insularum  Jordan  cV  Kvennann. 

Hea<l  4  in  length;  depth  4.75:  eyt*  :\  in  head:  snout  4:  interorbital  1*.8;  maxillary  2.5;  mandible 
2.2;  D.  vi-i,  11;  A.  17;  s**ah*s  46.  i>  rows  from  anteri<»r  l>ii.<e  of  anal  upwanl  and  forwanl  to  s]iinous 
d<»rsal.  B<Mly  oblong,  <'ompress<il:  head  trianirular,  the  sides  i*ompn's.**e<l,  toptlat;  mouth  large,  <»bl  it  pie, 
maxillary  n^iiching  front  of  })Upil,  lower  jaw  included:  teeth  in  rather  broa<l  villifonn  Iwinds  on  jaws, 
vomer,  an<l  i)alatint*s;  interorbital  spai'e  v(*ry  broad  and  tiat;  snout  broad,  truncate;  origin  of  spinous 
dorsal  slightly  posterior  to  vertieal  at  vent.  sliL'htly  nearer  tip  of  snout  than  ba.-^  of  caudal;  longest 
dorsal  spine  alK)Ut  2.4  in  head,  n*aching  nearly  to  vertieal  at  front  of  anal:  <listance  lH'twet*n  spinous 
and  soft  dorsals  e^jual  to  distance  from  tip  of  snout  to  middle  of  pupil;  e<lge  of  .sjft  d<>rsal  con<'ave. 
anterior  rays  .«omewhat  pnMluce<i,  their  lenirth  1.9  in  head;  ]a.«^t  dorsiil  ray  alH»ut  one-half  longer  than 
one  pHHtiling;  ba<**  (>f  soft  dorsal  l.S  in  lu-ad:  oriirin  of  anal  considerably  in  advaniv  of  that  i>(  soft 
(lorsal,  the  fins  similar,  anteri«»r  ravs  alK)nt  1.7  in  head,  l>a.«^*  of  anal  1.^^  in  head;  <"iu«lal  wi<lelv  forktnl, 
the  lolx'S  equal;  ventral  short,  barely  n-iichin^j  vent:  invtoral  short,  broad,  ami  slightly  fah^te,  il8 
length  about  1.4  in  head.  Scales  large,  thin,  an«l  deep,  19  in  front  of  spinous  «lorsal,  H  rows  l>etwet»n 
the  dorsals  and  9  (»n  miNJian  line  of  i-audal  i>e<lunele. 

Color  when  fresh,  clear  olive  green  with  darker  e<lges  to  s4-aU*s;  lateral  stri|>es  stt»i*l  blue  al>ove, 
fading  into  the  silvery  Indly:  tins  uncolonMl. 

C»>lor  in  alcohol,  olivaceous  a  N)ve,  silvery  on  si<les  and  Indow;  s<*alt»s  of  luuk  and  upper  i>art  of 
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Hide  with  niiiiicn^UH  »'ina11,  rxmrnl,  (Niffee-browii  PfKH'ks,  <liH]X)8e(l  (rliioHy  on  t)ie  (hI^>h;  nuHlian  line  of 
iHick  with  a  darkinli  Hth|ie;  middle  of  Hide  with  a  hniail  nilvery  Inind,  phunUMUiH  ainive,  en^X'trially 
anteriorly,  more  silvery  l>elow;  toj)  of  heatl  and  wiout  with  numerouH  dark  hmwuish  or  hlai'k  Hiieeko; 
Hide  of  head  nil  very,  oiierele  Huniewliat  diinky,  Hidi^s  and  tip  of  lower  jaw  fiunky;  donmln  and  eaudal 
Honicwhat  dnnky,  other  finn  |)ale;  |)ectoral  without  dark  tip. 

Thin  small  finh  is  comnton  innide  the  reef  in  shallow  bayn  ever>'when^  in  the  Hawaiian  Inlands. 
Manv  individiialH  were  seen  off  the  wharf  at  Ijihaina  on  Mani.  Jordan  &  KveniiannV  eolleetiona  of 
1901  eontain  20  HixH-imenn  fn>m  Kaihia,  from  1.5  to  .'{.5  inehes  long;  48  from  Iliio,  1.5  to  2.25  inohoH 
long;  and  1  fnjm  Honolulu,  2.25  inches  in  length.  Numerous  HpiH>imenH  wenMihtainiNl  l»y  the  AlUitrtMui 
at  Honolulu  in  1902,  1  of  which  w  taken  a^  the  type  an<l  'A  othen*  an  e4)tyi>eH. 

Five  HjHH'imeriH  were  obtained  by  me  in  1889. 

AthfTina  imularum  Jurdnii   <&  Kvcniiaiin,  Bull.  U.  S.    FiHh  Coinin.   f(»r  VJKTl  (A|iril  II.  19U3).   170.  Hiuinlulii.     (Type, 
No.  60819.  r.  S.  N.  M.:  foll.  Albatnm.  IWU.) 

Familv  XX.  MU(iILIDi€. 

48.  Mugril  cephalua  LiniueuH.     **A)iuittttut*\'  }fnlU't, 

Thin  in  the  mot>t  highly  prize<l  f<Kxi-tish  alK)ut  the  islands,  always  bringing  giKxl  prices  in  the 
markets  Besides  l>eing  mught  in  nets  as  they  run  in  si*h(M)lH,  they  are  kept  in  laiyit  {>ondsfroni  whirh 
they  are  taken  t**  supply  the  market.  These  an*  ]>ortions  of  the  st»a  inelose<l  in  favorable  places  ]>y 
walls  with  o]X'ningH  through  whieh  the  fish  are  allowi*:!  to  run,  but  from  whieh  they  are  preventetl  . 
fnmi  i*H(;aping.  They  remain  hen^  feinling  until  of  sutlieient  sixe  to  market.  Many  of  thesi^  ]»ond8 
have  IxHMi  mainttun(*<l  from  times  previous  to  the  discovery  of  the  islands  by  Captain  (\M»k.  Other 
fislu^s  accomjumy  the  ntullet  into  the  {xnids  an<l  are  likewisi*  n'strained  with  it,  notably  the  **Awa," 
Chtuhti*  rhiiniis.  The  natives  have  different  names  for  «liffeiviit  sizes  <»f  the  mullet.  The  very  small, 
al)out  1  inch  or  less,  is  *'l*ua":  ab«»ut  <>  inehes  is  ''l*ua-:una-anui*';  the  larger  ones  an'  **Anae." 

My  colliH'tion  contains  70  examples  fn>m  2.5  to  7.2  inches  in  length.     I  have  also  exauiinetl  a 

8i>ecimen  10  ini'lien  long,  I'ollei'tiHl  by  Mr.  K.  ('.  MiHJregor,  and  Dr.  WimkI's  colItN'tion  contains  one 

(tield  No.  6114),  9  in<'hes.     The  Hawaiian  siHH'imens  comjiannl  with  siHvimeuH  in  Iicland  Stanfoni 

Junior  TniviTsity  Museum  i<lenti(ie<l  as  Mtujil  rfjfhaluH^  fmm  Naples;  \a  Paz,  Mexii-o;  Callao,  Peni; 

and  .Ta])an,  shi»w  no  structural  diffen»nces.     The  older  individuals  have  a  gn*ater  mandibular}'  anji^le, 

it  l>eing  mon*  acute  in  the  small  ones. 

Jluffil  aphiiluM  LinntLiLx,  SvMt.  Nat.,  t**!.  X,  :ilH,  17ftH,  Kiir(>|K.'. 

MugilthHttdn  Ciaiithor.  Cat.,  in.  A'A),  IWJl,  Anviteiiiii.  AuHtmlin:  Flwrhe  diT  SflilMM*.  vi.  214.  Is77  ( IIiiwiiiiHii  iNliintlM);  SU^in- 
iliichiior,  iH'iikr*.  Ak.  Wi?*.  Wii*n,  i.xx,  IWJO.  501  (Honolulu). 

49.  CheBnomugil  chaptalii  (Ky<loux  ^  S(»uleyet). 

Color  in  life,  gniy  alH)ve,  white  lielow,  golden  sjH)t  on  upiH*r  i>art  «»f  Iwis*^  of  {KM-toral,  up|H»r  por- 
tion of  iris  g(»lden,  the  remainder  white.  Four  spiH^intens  wen^  obtainetl,  the  Iongi>st  InMUg  10  ineheri. 
It  SiHMus  fairly  ronmion  at  Honohilu  ami  is  highly  priztnl  }b<  a  ftMMl-fish. 

MiKjil  thaiiUUii  Kydiiux  ^t:  SttuU'Vrl.  Voyii}(i>  RouiU-,  Zoo].,  i,  171.  pi.  4,  11^-  1.  1^11.  Hawaiian  I.xIiukIm. 

Mifjriin  ( ynnHyxuf)  m'ltih  ri  StrindachiuT.  Silx.  1i4>r.  Ak.  W'Iuh.  Wion,  l.xxviii,  1.  :tsi.  1S7S.  KinifT^inill  ami  Handwioli  Ixlaiiilm 

Family  XXI.  SPHYR.4:X1I).4':. 

50.  SphyreBna  commersoni  C'uvier  Jk,  Valen<'ienn(>s. 

This  >jK'cies  waj*dt»scril)e<l  by  measS".  i^nuthjrnmti  in  a  former  |«ii.>er,  but  an  (>xamination  of  a  larger 

number  of  siK>«>iinens  has  le<l  to  the  decision  that  this  is  the  same  as  the  l*^st  Indian  s|MH;i(*s.     This 

s}H*cies  n'Ui'iies  a  large  size,  individuals  5  fet*t  in  length  having  Ik'imi  bnni^it  to  the  market. 

Sphi/ntna  ronnmrAtni  Cuvlor  *\:  VaK'nclt-nnw,  Hist.  Nat.  Pt>isH.,  ni,  :C»2.  l«*jy. 

Sjthffi-fn'i  >/««*'/«;n/^W  Ji-nkinn.  Bull.  V.  S.  F.  (\  1899  I'June  K.  IWd).  »«.  IIr.  'J.  Honolulu.    (Typf.  No.  IwiVKl.  I'.S.N.M.) 

51.  SphyreBna  helleri  Jenkins. 

Thi.H  (romi>aratively  small  si>ecics  is  fairly  conunon  alnnit  Honolulu,  U'ing  fn^juently  taken  in  the 
mullet  iHini^  when>  it  preys  on  that  tish.  Hut  one  H])ecimen  (1($  inchi's  long)  Wiis  taken.  Apparently 
it  is  not  often  in  the  market. 

liphunrnn  hrlhri  JvnV\U!*.  Bull.  T.  S.  FIhIi  Comin.  1S99  iJuno  K,  19llOi,  :JS7,  tijr.  1.  Honolulu.     (Typo,  No.  49C92.  T.S.N.M.) 
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Family  XXH.   POLYXEMID.*. 

B2.  Polydactyly  Bertli*  (Ciivior  A  Valeiuioiinw).     ".Voi." 

'  HliuniUiil  ul  lloluiliilii,  where  I  obtaineil  >i  i<iiecimeljs.    Dr.  WumlV  eiillet'tioii  •in 


».  Hi-I. : 


I.  I>oif»..  vii 


).  ri(i|.H«w«iL«tiIiiLBn.t.., 

Family  XXIll.    Ht>L0CE\THID.4-. 
53.  HolotracliyB  lima  (Ciivifr  .v  Vuleii<*iei)ti< 
I-  ill  life,  whi.l.-  UkIv,  Willi  hea-i  am)  liti^,  l.right  n-.!;  Iris  n-.i, 
e  s|ieciiiieiiH  of  tlii:'  l-ctiiiliful  lifh,  4.5,  4.7,  auil  ^.2  itii'lieti  re^iHi 
'.  WimmI'h  oiillectioii  niiitain^  four,  nui)cin)i  from  4.2  to  ^  inrlio,  i 
■  4.7  ini'ltu'  in  len^cth.     It  i^  eiiniiiiuii  at  II<moliilu. 
lima  Vu\-ivrJL  Viileiici«nn.'>.  Hisi.  Nal.  Pow..  VIL,  4K3,  IKil,  Mi' <li^  Fniiiv. 
(HiiMrafluiti  Uma,  COiithi-r,  I'ix-lir  drr  Sflrl^^e«.  3S.  |il.  &<.  t\g,  A.  IKZ  iMnt 
lid  Hawaiian  blaiidii):  .'•leiiiilnrhniT.  I>i-iiks.  Ak.  Wjw.  Wirn.  l.xx.  IWJO.  191  . 


S4.  Hyripriatis  multiradiatus  cii 

Five  e.\am|>liv  obtaiiuil  at  lloixilulii,  4.5  in  li  iix-lu-r'  in  length,! 
:l.75  ini'litv  in  ieniclli.  Dr.  <4untlier  liai'  ilewTilieil  thi»  K]>eei(i>  fr 
lenKth,  fnini  Vavau.  Thix  hh-uik  tii  lie  the  lirsl  ree-ml  -I  llie  KjHH-ie! 
t«  )>e  fairly  ulmnilatil  at  Honnhihi. 


me  ii-  jti  Dr.  WofHl'p  ixilleetion, 
1  fiin);le  H]>n'iiiien.  IS  inehert  in 
IV  th{!<ilr>H-ri|<tiiin.     It  ati]iean> 


65.  Hyripristia  aealei  .Ii-nkl 
.:->  ill  heail;  ^i 


"[■«■"■■■ 


Heail  '.i  in  len^h;  ilejilh  2.S;  ei 
.4.  IT,  13;  I'.  I,  15;  V.  I,  7:  ««!*.  4-:{; 
pertoral;  upper  aii<l  lnwer  prufilei>  alti)nl  e 
longer  llian  deep,  itx  wiillh  l.S  in  itii  length; 
head  nearly  straight  from  above  noi<tril  to  o 
profile  of  heail,  aUml  equal  tn  poetocular  part 


nt  5;  maxillary  i.M;  interorhital  4;  D.  j-i,  15; 
I'lougale,  <hi.>|>,  i'OUipn~4io<l.  ^rmleHt  <lf  J'tli  at  alioni  lip  of 
.-nly  i-iinvex;  head  i-iiinpmwil.  rather  elongale,  a  Utile 
miint  itliort.  hriail,  hlnnl,  conveK,  I'leep;  upjier  iiroGlp  of 
'ipiit:  eye  large,  high,  hanlly  impinging  upon  the  upper 
inoiitli  lar^e,  uhlioae,  mandible  iilightly  prujeeling,  rcwli- 
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in^  l)elow  iM)i«t<*rior  rim  of  [mpil;  distal  oxiHUideil  oxtn»inity  <»f  maxillary  1.7  in  t^vr;  ttH'th  Hharp,  minute, 
not  cnlaiv^Hl  on  itl^'H  of  jawt*;  tiH^tli  in  jawH,  on  voinor  and  on  |uilatim'H  in  liandH;  tonj^ie  olongaU*, 
roundtHl,  irvi.';  wiU)rbital  rim  namiw,  finely  wrrato;  lower  iNwU^rior  margin  of  maxillary  Hm(N>tli; 
lil^w  ratliiT  thifk,  fliwhy ;  nuHtriln  cIok*  txigother,  jK^terior  very  larj^^*,  dose  to  fnnit  rim  of  t>rl)it;  iKminn  on 
hea<l  all  finely  serrate;  oi)ert'le  with  well-<leveh)|>e<l  Hpine;  ^ili-oi>enint;  large',  filamentH  laiye;  gillraken< 
long,  tine,  longest  longer  than  longent  gill-tllanienti^;  |>Heiulohranehiju  very  large,  free  for  <liHtal  half; 
dorsal  Hpinefl  slender,  Kharp,  firHt  3.2,  He<*ond  2,  third  1.9,  ttmth  4.6,  lant  3.3  in  head;  anterior  dorsal 
AiyH  elongate,  bluntly  |>ointe4l,  MH'ond  ray  1.7,  la^t  5.5;  third  anal  Hpin«'  laiy^s  2.5  in  head;  soft  aual 
niniilar  to  soft  dorsal,  HtH-ond  ray  1.7,  last  f).4;  eamlal  elongate,  fork<Hl,  tlie  IoIh^s  iMiintinl;  )KH>toraI  sniall, 
))ointe<l,  1.5;  ventral  1.5,  spine  2.25  in  head;  M'ales  large,  finely  ctenoid;  lateral  line  slightly  (H»nvex, 
running  down  ohliijuely  to  base  of  raudal  along  up|)er  side  of  cautlal  [MMluncle;  four  slender,  Hhar]>- 
pointer!,  graduated  rays  above  and  Inflow. 

Color  in  aUvihol,  |)ale  bmwn  or  bn)wnish-white,  fins  ]iale  or  whitish;  no  black  or  bn)wn  on  edgeH 
of  gill-o))ening  or  in  axil  of  i^eotoral. 

My  epllct^tion  contains  12  examples  of  this  s|HM*ii«,  all  obtaineil  at  Honolulu  in  IKHf).  They  range 
in  length  from  2.2  to  5.25  in<'h(>s.     T>*Iks  No.  50708,  l^.  S.  N.  M. 

Named  for  Mr.  Alvin  Scale,  curator  of  Ushes  in  the  Hernice  Pauahi  Bishop  MustMim  at  Honolulu. 

56.  Mjrripristis  miurdjan  (Forsk&I). 

O>lor  in  life  (field  No.  85),  l)o<1y  and  head  jiale  reil,  first  dorsal  ])ink,  outer  margin  orange,  outer 
margins  of  second  <lorsal,  caudal,  ventral  and  anal  fins  white;  iinnie<1iately  underneath  the  white  margin 
of  ea<*h  fin  is  a  bright  red  n»gion,  tlie  n*st  of  ea<'h  of  thest*  tins  a  i>aler  reil;  i»ectoral  pale  reil.  Seven 
specimens  were  taken,  ranging  fn)m  4.25  to  6.2  inches  in  length;  three  are  in  Dr.  Wtxxl's  trollectiou, 
5.:^)  to  6.25  inches  in  length,  and  one  4  inches  long  was  taken  by  Jordan  cV  Snyder,  l^iyi'  numl)erH 
are  brought  to  the  market. 

»s«*i.Tiia  miinljnn  ForHk&l,  I)««CTipt.  .\nimnl..  4s.  1775.  Djidda.  Rwl  Sl^a. 

Myn'itnuti*  imintjun,   Ruppell.  FiHC-hi'  Rotli.  MtM-r.  sii.  pi.  23.  II^.  '2,  iM-iS;  (iiintliiT,  FJwhc  «Ut  .SiiilsHM'.  W,  pktPK  i.xi  and 

I. XII,  1K7:J   iIlHWiiiian   Islmul'^.i,  StfiiidachiuT.  I>cnks.  Ak.  Wiw.  Wk'ii,  \.xx.  A\r2.  P.NN)  illdntiliilin;  Fowl«*r,  I*nic. 

.\c.  Nat.  Sfl.  riiila.  WnfO.  rm  (Hawaiian  iNlaiidN). 

57.  Flammeo  sanunars  ( ForskiVl ;. 

Four  sjKH'imens  taken,  '^.75  Ut  S.75  inches  in  length,  and  one  8.5  inches  long  is  in  Dr.  Wood*8 

collectitni.     This  is  the  first  hh-ohI  of  the  siKvies  from  the  Hawaiian  Islands.     It  ap|M*ars  to  l»e  fairly 

common  at  Honolulu. 

Srinut  i*nnivtnrn  SclinoidiT,  Sywt.  Icluhy.,  »9.  IWl,  Red  .Sk^a. 

IIiiliH'tntruia  mminnm,  (fiinther.  Fiwho  dor  Srtdsfo.  100,  1S75  (SiK'lety  and  Paumoiu  islands'). 

58.  HolocentruB  diadems  UuvimmIc. 

Color  in  life  (Held  No.  114),  Inxly  l>right  hhI,  with  al>out  9  white*  longitudinal  strija^s,  somewhat 
diverging  from  the  hea<l  ami  converging  towanl  the  tail;  iris  n^l;  top  of  head  ami  snout  hmI;  cheek 
white  with  a  re<l  striia*  fnnn  pupil  to  pnH»i)ercular  spine;  first  <lorsal  a  <lark  scarlet  with  a  longitu<linal 
white  strifH*  broken  at  the  sixth  and  si'venth  spines;  outer  tii>si»f  the  lirst  to  eighth  spines  trans(>arent; 
second  dorsal  nnl;  caudal  re<l;  anal  re<l,  but  membrane  lH*tween  longest  spine  and  lirst  soft  ray  bright 
scarlet;  iHi^toml  iKile  nnl;  ventnil  with  a  narrow  white  line  next  and  jiandlel  to  the  spine;  i»arallel  to 
this  a  wi<ler  bright  si^rlet  line,  the  rtMuainder  of  the  lin  colorhi^s. 

I  obtaiiKHl  11  siX'C'imens  of  this  brilliant  fish,  ninging  from  4  to  6.5  inches  in  l(>iigth.  It  is  (|uite 
abundant  alNUit  the  nn^f. 

lbttin'*iitrum  iliiuU'imi  liiu'i'iHMlr,  Hist.  Nat.  ToiKs..  iv.  :Cfc\  372,  371,  pi.  :tt,  11^.3,  !>*«:  GiiniluT,  Fi^'ho  d«T  SIkIjmh-,  y7.  1m7.S 
(.Stiiiioii,  Tahiti.  Tontfa.aiui  Hawaiian  Inlands):  .^ttMndaclintT,  ]»t>nks.  Ak.  Wiw.  Wi«M».  i.xx,  \\M>.  A*fl  t  IIoiidIiiIu, 
I^VHan). 

59.  HolocentruB  microstomus  <  ri'inther. 

Two  s)MMrimens,  rt^iKM-tively  6  and  r».2  inches  in  length,  of  this  sfKH'ieH  are  in  Dr.  WrMxTs 
colle<'tion  from  Ibmolulu. 

Jlitlttrtntruin  mirnt^oma.  Giinthor,  ^i'at.,  i.  IM,  ISW,  Aml>oyna:  iiiinthoT,  Fiwhe  der  Srtdwo,  i, '.«.  pi.  r.l.  iiy^.  R.  1S7."»  (AnilMiyna, 

SanitNi.  T<»n»fH.  S<»<'ii;ty,  KinKNmill.  Hrn'ey,  I*aiinintu,  and  Hawaiian  islandN). 
HoliH.'* iitru*  inirrostifiHU,  Sfttlo,  Occasional  I*a|iiT8,  BiNhnp  MtiM'Uni.  r.  No.  3,  70.  19U1  (<.iuam). 
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60.  HolocentruB  leo  Cuvier  <&  Va1en<*ienneH. 

One  8pe<*ifnen  of  this  »iie<:ies  wa*<  taken  by  Jonlan  &  Sny«ler.  Whilt*  widely  (liHtribnted  Dirrm^hout 
PolvneHia,  thiH  Heeui^  to  lie  itn  tiivt  ni'onl  fn>m  the  Hawaiian  Islands. 

liolccmtrum  ko,  Cuvier  <Sc  Valcncienntfi*,  Hist.  Nat.  Poi»i..  ill.  'JDl.  1h*29,  Sitriety  Islamic.  WaiRioii. 

HUacmtrnm  tpini/erum,  (ifinther.  Fi?*che  <ler  SilcWo.  I,  ^,  1«74. 

IhiliMTHtTu*  tpinijrr,  Fowk*r,  Pnio.  \v.  Nat.  8<'i.  Phila.  lS9i».  WJ  (Tliomion  Islan<li. 

61.  HolocentniB  erythreBua  (uintlier. 

One  specimen  of  tliis  Hi>e«*ies,  S.r>  in('}u*r<  in  length,  in  in  hr.  WimkIV  <H)ne<*tion,  and  one,  Ki.5 
ineliefi  long,  was  taken  by  Jordan  i^  Snyder  at  Ilnimlnln. 

iliileterHtrum  trtfthnrum  <iunthi*r.  Cat.,  i.  :fc»,  S«.'a  of  San  ('hriiitnval.  l>vV.»:  (iunthor.  FiMlu-  d«T  >rKl«cf,  W.  pi.  ttJ.  Ii»r.  B,  Ifffb 
(KinKvmill.  .So<'iety.  Paiiiiiotii.  and  Hawaiian  Inlands). 

62.  HolocentniB  diploxiphua  (n'lnther. 

Fifteen  specimens,  from  4  to  '>..'>  inches  long,  were  obtaine<l;  three  are  in  Dr.  Wootl's  collection, 
each  5  inches  in  length;  one  was  obtained  by  the  AifMitruw,  5.2  in<'hes,  in  1896,  and  three  by  Jordan 
<&  Snyder,  4.5  to  5  inche»  in  length.     It  i.s  bn>ught  to  the  market  in  large  nnniliers. 

Hutoeentrum  diploxiphuM  Giinther,  I*roc.  Zool.  Sor.  Lond.  1K71.  titlO.  pi.  60.  '.*  H^.,  Samoa:  Fowler.  Pnir.  Ac.  Nat.  8ci.  Phila. 
1900.  501  (Hawaiian  Lslandx:  (i»ll.  J.  K.  TowiiMfiid;. 

Family  XXIV.  SCOMBRID^. 

63.  Auxis  thazard  (Lacepede). 

This  important  food-fish  is  caught  by  the  hook  and  is  iX>inmon  in  the  Honolulu  market.     It  has 

not  Ijefore  lieen  reporte^l  from  the  Hawaiian  Islands. 

Scombfr  thasard  Lao^pMe,  Hint.  Nat.  l't»lj«(..  ni.  9.  l^<r.^  liftwitMi  0°  and  7^  8.  Lat.,  coatit  of  tluinra. 
Auxi9  thasartt  Jordan  &.  Evermann.  FiMhit*  North  and  Mid.  Amer.,  i,  Ni7,  tig.  Stvi.  pi.  cjtxxni. 

64.  Gymnosarda  pelamis  (Linnu>us). 

This  tish  is  abundant  at  Honolulu,  where  laive  numlK'rs  are  brought  to  the  market.     One  sjiecimen, 

17  inches  in  length,  taken  by  me,  has  (>  narrow  dark  Imnds  along  the  side,  instead  (»f  4,  as  given  in 

descriptions.     This  seems  to  l»e  its  first  n*<'onl  fmm  the  Hawaiian  Island.^. 

Seitmber ptiamif  Linnft*a'*.  .<yst.  Nat.,  til.  x.  *J97.  17V«.  (({hmi  x-a.  liN-ality  iinknouii. 

T%ynMU» ptinHty*,  Cii'intlicr.  Cat.,  n.  '.VA,  Ifi'A). 

Ufmntfftirxhi  jt*lnmif,  Jonlan  A:  Evcrniann.  Fishi^i  Nortii  and  Mid.  .VmiT..  i.  ^^Vs  Is!^;. 

65.  Gymnoaarda  alletterata  <  Katinesque). 

Common  at  Honolulu,  although  this  is  its  first  riKfinl  frr^in  the  Hawaiian  Islands.     One  example 

(field  No.  389),  15  inches  in  length,  was  taken.     '/.  nlhitimtn  and  the  two  pnH*e<linif  si»e<'ies  an*  caught 

by  the  hook,  by  nutans  of  a  short  iM>le  and  line. 

StitnArr  uUfiUnUu*  Railncstini'.  Carnttfri,  Ai\,  ixlu.  i*aIfmio. 

Th^HUH*  thuHHiHa  Giinth«*r.  Cat.,  ii.  :{(V4.  InX). 

Of/mmntiirfln  nlUiUmtn.  Jonlan  A:  Kvrnnann.  Fi:«hrs  North  and  Mid.  .\ni«'r..  i.  n'iV*.  In^G. 

66.  Acanthocybium  solandri  (Cuvier  iV:  Valenciennes).     **Onii." 

I  saw  in  the  market  one  large  example,  48  inches  lung  ext-lusive  of  caudal.  I),  x.xvn-134-9;  A. 
12—8;  IxMly  covereil  with  small  scales;  origin  of  anal  just  under  soft  <lorsal;  ga|K^  extending  to  middle 
of  eye;  iHH-toral  8  in  Ixnly;  stnmg  kiH'l  on  tail.     This  is  the  first  nn-tinl  of  this  s|ie4'ii*s  for  Honolulu. 

Cj^iuM  miUiiuIri (^ivivT  A.  Valcncienm*^,  Hist.  Nat.  Poiw..  viii.  lyj,  IKJI.  o|H'n  m.-h.  Ii»onlity  nnknimn. 

Family  XXV.  lARAXGH).*. 

67.  Scomberoides  tala  i  Cuvier  <fe  Valencienm-s;.     **//<ii.*' 

Color  in  life,  upper  jjart  of  body  light  gray,  with  silvery  rette<*tione,  lower  part  silvery*  white;  a 
TOW  of  about  (i  very  indistinct  S|x>ts  alxiut  as  large  as  pupil  alK)ve  lateral  line;  a  dusky  blotch  on  first 
five  rays  i>f  domal;  tii»s  of  ventrals  milky  white;   lower  margin  of  caudal  white.     I  obtaine<l  ^\e 


442 


BUI-LKTIN    OK   THE    UNITED    STATR8   KIHH   OOMmSSIOK, 


xpm-iiiK'iusSlo  lOiiK'hi-Hiii  IciiKtIi.  Two cxaiiiiiliv,  T.fiaml  8  ini-luw  lonti,  8ivinl>r.  WcHMl'iimllM-tlnn. 
oiul  line,  (i.-'i  iiii'lK-K  \«ng,  who  iiillei-tiHl  l.y  tlw'  AII-itriMi  in  IKWIl.  Tliic  mwiUPB  iliffem  from  S.  mtiirti- 
prtri,  UK  'IvM'rilicii  \n  CiivitT  &  ValciicU'HiifM,  in  IiitvinK  k  Kiiiiiili^  U^ul  in  tlir  laleisl  line  and  [ii 
liaviiiK  a  IoiijiRT  jit^-tiiral. 

lAt.riN'Wui  bda  Ciivtri  *  Vklrn-UiiiK-".  Illx.  Nat.  INiIih..  tut.  377.  IW.  Malabar. 
ChaHntmiu mMultlkl (-nvtrr  &  VahlHli-iiliiii.  Ill»l.  Nm.  Wim..  VIM,  3ra.  Rnl  H«. 
n"WHrMH>HiMi'/>rht.Kii-lD<taFhnpr.  liiiiliJi.  .Vk.  wiw.  wli-ii.  i.xx,  iww. -iWi  |l[iHii>]iihi). 

68.  Bcomberoide*  Muicti-p«tTi  (fnvicr  A  Valwii-icniMW). 
f)iic  Him-iiiK-n,  7.r>  iii.'li.-H  loiiK,  ol'laiiKHl  )>>-  .Ionian  k  Snj-iltr  in  IXOII.     I  iliil  not  oee  it  in  1fl8». 

111.  3^1.  liei.  Malabar:  r'lmtH,  Bull.  I',  it.  Nat.  Mua., 


llAllthiT,   FlM-ll.-  'i.T  HflllliW, 


,  im.  IXTO:  sti-lndachucr  Dcnkii.  Ak.  Wlu. 


68.  Beriolft  apama  jMikiiii^  new  it)MH':i«i. 

Heail  :i.ft  ill  li'iitrtli  tn  l>at<c  of  •aiubil:  'Icptli  v<i»al  to  hMul;  «}-e  1.:t  in  nnout;  P.  vi,  32;  A.  ii,  20; 

Bcsli-fl  2l>0;  litutil  i-'iiiii'al:  IhmIv  fiififonii;  iiioulh  mhih-wIiuI  UO'iw  axin  of  UhIv;  Ui»A  <le|<lh  of  midal 

l>eiliiiU't<-l>iit  litilfienatirtlmii  iIk  ni<lili  at  h«iii<- iHxiiioii;  t-yt- witlia>li]HM(M->>>li<l  1>ef(irc  ami  behiml: 

intcnirUitul  xtnuiftly  iiitivt'\.  ulmiit  iiiiiul  In  hiioliI  aii'l  xliKlitly  Ii-mh  than  :t  in  head;  urenuuIlUry 


protrarlili';  miixillarj-  with  Kii]>)itt-iiit'iitul  lioin>;  iiiuxiilury  2.."i  in 
pupil,  itn  [•••Hti'riiir  inuncin  'iKIi'iiit',  iitmrly  iiiiuiliii);  vcrlinil  ilium 
walol,  ifiiiuiiiiliTiif  lii-ail  tiiikiil;  tii-tli  in  vitliforin  liaiiili' oii  ji 
i-ntirii;  )f>""*'"''^  Ioh^jit  tliati  liiuincl^T  id  pupil,  'i'-l  mi  lowi-r  am 
ppiiif  liiriKiiit,  (i.:l  in  IiokI.  tln't  l>i«<  tlmn  half  of  wii»iil.  (hinl  I 
(Iflli  NhortiT  than  llrHt,  m-onil  uikI  IhinI  mlK  ruyn  loii^i-st.  <-<jiml 


hniil.  rt-Hi'hiiitc  to  anlerior  margin  of 
i-liT  of  vyr-  liiifk  anil  (sirt  of  opuivli- 
iH'r>.  (lalalincH  uiiil  tonKiit>:  pmipcrclc 
I  I't  lirxtanh:  lintilorHal  low,  nei-unil 
o  llfth  n')!iilHrly  ilccriMMin);  in  li>ii^h, 
lo  Miiiut,  thoHc  iMick  of  fift4.-enth  ulxnit 
iiHliajH-lotuiftiliirxal  tiutfliortfr;  flmt 
rayH  \.1ft  in  Hiicmt;  'i  fnvaual  Hjiinti';  rnuital  iltt-i>ly  torknl,  thi-  1oIn-h  Hlemlt-r,  aliont  iiiuat,  l.H  in  heoil 
(iiieaxiirul  from  Iai4  vertt-bra);  ixi-tural  aUmt  'l.'i  iu  liiiut  rt>ui'tiiiiu  li-w  tliaii  liulf  wuy  (o  aniw; 
dirtaniv  of  nriitin  of  |N-i-tiiml  fnim  unnii  LIT  of  ori^^in  of  |i«-«'tiiru1  to  Knout;  lioily  i>iitin'ly  M'sluil, 
Hcalc«  yery  umiill,  uKmt  Sill  in  Iimiiitiiiliiial  «-ii<i':  lult-ral  line ulinhlly  anlii-it  uvor  pwtonil. 

(Iiilor  ill  al»>hol.  upiitT  iiiirtN  |m]i>  lirownigih-jiuriilo  with  i<ilvfr\-  rrllfctioiiH,  lowi-r  iKirlii  nilvfry. 
Tliiw  .ImTiptloii  irt  l««-.i  .m  ii  xiiiKh-  H|s<-iiiii'ii,  tyiic,   Ni..  .WM.-i.  I'.  K  N'.  M.  (fK-l.l  No.  IVl).  » 
int-ht-H  in  U-ntclli,  ioMiiIinI  l.y  me  at  Honolulu  in  IHHii.     ((drooro;.  ran-.) 


70.  Secapterua  canonoidei  .Icnkiiiis 
Ilcail  4  in  liMiitth;  ili'|>th  .'>..'>;  t:yv  4  in  hiwl;  nwM  :l;  inu-Mrliital 


;  1'.  V 


.-■tJ-I;  A.  ii-i,  2S-1: 
a  nil,  M-uti-^ST;  linitillh  of  iKKly  tlmn-fourthx  ita  ilt'ptli;  iHnly  [iiKifomii  hiwl  oonitsl;  niaxillarj' 
Mnnt'ly  n-ai'hiii);  anterior  iHirih-r  of  t-yc;  mouth  nliKiitly  olilitjue;  (i-ntrr  of  eye  Hli)ititly  almve  axix  of 
IxHly:  tuli|H>Hi'  (-yoliil  well  ili-vfIop(>iI;  leetli  not  evident  on  jawM,  vomer,  or  tongue;  Huiall  teetli  on 
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o  iiii<t<ll<-  of  iiiterorbitnl  f>|iitce 
cdfth  )«.rt  .lorail  only  >>l[Khtly 
■  I  if  laips't  wtitei'  tHjiialiiig  liaU 
\u\  vi.'iitriil  linii;  i<|iiiiet<  slender; 
he  laiit  two  Hpiiies  very  short, 


(■alatiniv:  ImhIv  oompletely  mwIciI;  t'lic<-k>'.   i>)ien-le  hikI  tciji  of  hea< 

Hcalnl,  n-iimiiiili'r  of  hiwl  nakoil;  iiiilfHiir  |a>rtii>ii  <•(  lutenil  liiu'  l<> 

I'un'eil,  Tviiutin<ler  i4nu)jlil.  wilh  ulxiiil  27  uniit^l  H-titi-r:  uiiUli  i>f  < 

eye;  ori)nn  »f  lionul  I'liinef  mily  i^liiflitly  in  front  of  li|.>ti  <i[  jKH-loml 

thinl  hpiue  the  lungtft,  2  in  lieail,  iti*  ti|>  nearly  reiii'liin);  liuit  spine 

Rinkini;  into  a  );riH>ve;  .■<)>aiv  Iielneen  last  •InrMil  *i»nv  ami  <iri>Hn  of  Mift  donsl  eijiiallng  eye;  origin  of 

!«i)ft  iluixal  Hliffhtly  in  ailvaiiit'  of  that  of  wift  anal;  lonp-ft  fix  ilorsal  ray  ;13  in  lieail;  Koft  anal  wmiUr 

in  fomilom-ftdotyal,  il*  liaw  1.:)  tin-  Ibih- of  s<)ft  ilorsal;  s|«.v  fn.m  mcli  tin  to  <k-taclie*l  Unlet  1.7  in 

eye;  i-amial  hr.«.lly  f..rke.l,  lol-tv  iil-mt  e<iniil:  |«-i-t.iral  I.(i  in  heaii,  ite  oriiiiii  i-iightly  in  aiivance  of 

ori^n  of  venimlf;  ventraU  2.5  in  lieaii;  vent  half  way  fr<ini  tip  of  siioul  to  angle  of  fork  of  eauilal. 

Color  in  alw.hol.  .lark  Miii.-h  iilB.ve,  with  sil\ery  n- He,- 11.1113,  silvery  Ijelow;  black  e-i-.t  on  opercle 
near  its  upjMT  anirle;  ilors«l  tin  ftmienhat  ■in,-<ky.  « illi  -mall  Mark  punL-lulatioiis:  soft  anal  lighter,  the 
other  tins  pale. 


This  .le«Ti[.ri.in  is  1bl-.-.1  on  a  ^|»■.■illu■n.  llie  ty|K'.  No.  M^6.  I".  .<  N.  M.  1  llelii  No.  2737),  » 
im'heH  h>  len^h  tn  lip  of  i-:iii<1hI,  •-<)ll.-<'te<l  l,v  I>r.  W.^hI  :it  llonoluUi.  Two  smaller  e^uniph-s  wen- 
>-olle<-Ie.l  by  Mr.  M.-4iTtv"r  at  Kilii,  Mani.  ea.'h  7  itK'hi-:'  in  l.-imih.  This  tish  is  <|nite  i-ommon  at  lim.-x 
at  Honohilii  ami  is  highly  i.ria-.i  by  the  natives  a^i  f.-.l. 


-Al-iil..- 


71.  Trachurops  crumenopbthalmuB  1 
Very  al.umlant  at  Ilonoluln,  where  it  is  hij:hly  pri/,-.l  :,^  fm-1,      I  ol.lalm-l  7  s|«H-imens.  T.-t  to  1-.; 
inehe*  in  length.     Color  in  life,  uleel-blue  aU.ve  and  f^ilvery  U-lou. 
.snmbir  rtamn%oiMh<a«>at.  Blwli.  Ichlhy.,  i,  K.'i,  |.l.  MS.  ITWT,  Guitiwi. 
i-arausr,Hm.n»i,IJIuamHr,V,\tB.atrT.VM..U.\2».\f^.  II'M..  Fl-vlie  <l<-r  Si'idn'<'.  V.  1:11,  \>-.(..  ihM..  Ib'|>   •'hHU..|iH:.'r.  Z-il.. 

I.  M.  l>M)(H<iiin1iilu>.  lilvlnilarliiiiT.  Ri-nko.  Ak.  Wi>i-.  Wivii.  i.xx.  VKu.  *»in..t\.>\ti\\i.. 
Tmfhur.,p'  maariliaHut.  Slni-ti,  Bull.  I'.  .-^  S'al.  Mu<..  No.  7.  (K  1<(;T  <  HnnHiian  IsUikI-  >. 

Pbila.  IMO,  :*\\  iHhuiiMuii  ].|,iiii1-<. 

7S.   Carangus  Mppoides  Jenkins,  m-u  -|>e<'ies. 
HmwI  .1.6  in  lenicth;  depth  2.4;  eye  4  in   hiiuh  I>.  vir[-i-20;  A.  11-1.  17;  unne<l  siutes  :t2;  profile 
of  bc«  rather  st«ep,  the  depth  of  heail  at  na|ie  l>ein|!  a  little  greater  than  len)rtli  of  heoil;  outline  from 
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Hiioiit  t4»  origin  of  HiH*oii<l  dornal  ft  tmrvo  Hoiitowtiat  iiiort*  i-onvex  over  tlio  Ih^mI;  alon^  th«*  l>asc»  of  the 
HoH  (lorsiil  tlu*  outline  is  only  slightly  convex;  ventral  outline  fmni  tip  of  loiver  jaw  to  ori|j[in  of  H4»ft 
anal  m^rly  Htnii^ht,  ohlitjuely  <U*s<'en(Iin^;  lHU(iM)f  anal  niniilar  to Koft dorsal;  ilepth  of  ciiiulal  ]>e(huu'Ie 
lesH  than  \t^  width;  1>iMly  <'onipreHHe<l,  wiilth  alxnit  2.5  in  1u*a<l;  intororhital  tM|ualin^  eye;  eye  ni(»8tly 
alM)ve  axiH  of  bo«ly,  itw  }H»Hterior  l)onler  halfway  fn»ni  nnout  to  jM»*t*^ri(>r  Iwmler  of  o]H»ri'le;  jaws 
BubtK|uaI,  maxillary  n^aehin^  to  vertical  through  ivnterof  )»upil;  tet^th  on  vomer,  i^alatineH  and  tongue 
villifonn,  thoK*  on  jawH  in  a  Hin>;le  Hi^riei«,  conical,  short,  and  ntron^^;  HpinouH  tlornal  with  1  pnK'umWnt 
fll>ine  and  8  joine<l  H))im*s,  the  tliird  longi.'Ht,  somewhat  mon*  than  lialf  of  heady  iti^  ti^)  reaching  tip  of 
M^venth  Hpine,  fourth  spine  n(*arly  tHpialing  third;  soft  dorsal  and  anal  faUrate,  similar  in  form,  the  IoIk^ 
alK)Ut  thnH*-fourths  of  hea<l,  hasi'  of  soft  donuil  the  lon>jrer,  2.5  in  iKnly  to  liase  of  cAu<lal;  |KH'toral 
slender,  strongrly  falcate,  length  alxuit  (Mjualing  that  of  soft  dorsal,  l..'>  in  InxIv;  ti)>  of  ventrals  reaching 
juflt  ]»ast  vent  and  (»ne-half  ilistant'e  from  ori^i^in  to  oripn  of  soft  dorHal;  ciuidal  deei)Iy  forketl,  1oI)OH 
c<|iial;  anterior  p<jrtion  of  lateral  line  well  an'he<l,  archisl  jNjrtion  i>f  55  scales  ri'^^hin);  alxHit  ti» 
vertical  from  st»venth  anal,  armtnl  ]N)rtion  straight;  arme<l  s<*utes  82;  hnnist  naked  exivpt  a  very  small 
))atch  of  small  wales  in  its  ivnter;  cheek,  iKMtooular  and  uj>|H»r  i)art  of  oiK*rcle  s<'aUNl,  rt*«t  of  ht»ad 
naked;  dorsal  and  anal  scarcely  sheatlunl;  gillrakers  strong,  e<|ualing  three-fourths  diameter  of  eye,  VA 
develojHHl  on  lower  arm  of  tirst  arch. 

Color  in  alcohol,  li(*a<l,  Innly  and  this  pale,  head  and  ImmU'  silvery;  up))t>r  ])art  of  caudal  [HHluncle 
dusky;  no  si)ot  on  ojH'n'le  or  on  jKH'toral.  Similar  to  ('.  hipinm^  but  differing  in  la<*king  the  oj>ercular 
sjx)t  and  the  S|M.>t  on  jKH'toral,  and  in  having  a  larger  snout  and  deeiK'r  liead. 

This  description  is  IuiwmI  ujnmi  a  sjuH'imen,  the  tyiK*,  No.  50710,  1.^.  S.  N.  M.  (field  No.  749),  V*.25 
inches  long,  taken  hy  nte  at  Honolulu  in  iSSi).  Another  (iield  No.  751),  5.5  inches  long,  is  in  the 
coUwtion  of  I>r.  \Vo<hI,  and  another  (tield  N<».  750),  7.25  inclu^  h>ng,  wa«  obtained  1»V  Jordan  it 
Snvderin  HMH)  at  Honolulu. 

w 

73.  Carangiis  marginatus  ((lill).     'Tfmi.** 

1).  viii-i-20;  A.  n-i-17;  scutes  aljout  2t». 

Color  in  life  (tield  No.  ISO),  nearly  white,  with  silvery  an<l  golden  n»fUHrtion.«;  iris  nnl;  a  small 

blai'k  s{K.»t  at  upj)er  angle  of  t>i>ercular  oiK^ning;  golden  an'ason  pn»opt»n;le  and  t>i>en*lel»ehind  the  eye; 

dorsal  slightly  dusky,  IoIk*  of  soft  dorsal  with  dusky  blotch,  remainder  of  tin  yellowish;  anal  yellow; 

mudal  yell(>w  with  j.M>sterii»r  l>or«ler  dusky;  ]K*ctonil  trans}>arent;  ventral  lins  white.     I  havecomitariMl 

my  single  si>e<"imen  with  a  siH'cimen  of  ('.  manjinntns  fnnu  Ma/atlan  and  they  seem  to  In*  the  same. 

CunihJ'  mnri/iiuitiii*  (till.  I*nH\  A<'.  Nat.  Si*i.  Phila.  lf^^  (1X6H,  IM.  I'aiiaiim:  .Ionian  «t  KviTiimtiii,  Kinln»j*  North  ami  Mi«i. 
AuuT..  I.  *f^2.  imH'i, 

74.  Carangiis  latus  ( Agassi/ ) .     '*( lun. ' ' 

Hea<l  li.'i  in  length;  depth  2.5;  I).  vin-2.{;  .\.  ii-i-H»;  s<utes  alnrnt  8H.  Color  in  life,  white,  uppi»r 
^>arts  with  stec^l-blue  retle<ttions,  yellowish  along  the  n'gion  of  the  s<'utefl;  lower  j>arts  silvery:  no  black 
cm  or  behind  oi>ercle;  iris  yellow:  tirst  dorsad  yellowish;  secon<l  dorsal,  1oIk»  slightly  <lusky  with  bluish 
tinge;  caudal  slightly  dusky  with  bluish  tinge;  membnines  of  anal  spines  milky  white:  lol>e  of  anal 
Hlightly  <lusky;  ventrals  white. 

1  obt^iineil  t<*n  siK^'iuiens  of  this  lish,  ranging  fnnn  4  to  Si  inches  in  length;  and  thrtnt,  from  .'{  to 
4.75  inches  in  length,  were  taken  by  the  AilHitrtMx  in  iSiMi.  The.st»  couipared  with  sjH'cimens  of  (\  Intns 
from  the  wt»st" <'oa.Ht  of  Mexico  and  from  (.-larion  Islauil  show  no  diffen*nc«*s.  The  native  fishermen  »!»» 
not  distinguish  this  sj^'cies  a.s  diffen*nt  from  C.  nHtrginatmty  which,  with  it,  is  highly  prizt^l  as  a  Uhh]- 
fish.     Both  an'  abumlant. 

fXininx  Intitu  XKnttslz,  Tiw.  JJniH..  iii.'».  pi.  i.\i-ft,  i,  is-JD.  Bnizil;  Jonlaii  it  Kvormaiiii.  FImIus  North  aiul  Mid.  Ainrr..  l,\f£i, 

IHW:  KowUt.  rnx-.  Ar.  Nat.  S<i.  Thihi.  1«JWI,  TtOi  (Hawaiian  iNlandsK 
Oimiix  fiippfnt.  CiilnthtT.  Fisrhr  drr  Sildsoo.  v.  LSI,  pi.  M.  1H7«;:  ibid.,  Ki-pt.  rhalleni;iT,  Z<)ol.,  xi,  .VJ,  ISSO  (llaWHiian 

NUukIh). 

75.  Carangns  rhabdotus  .lenkins,  new  siHM>ies. 

Hea<l  .*i.5  in  length;  <lepth  2.0;  eye  :;.75  in  head;  I),  i-viii-i-20;  A.  u-i-lO;  armeil  scutes  :\2. 
Form  ii{  b<Mly  ellipticid.  th«*  dorsiU  outline  an  even  <-urve  .'^)mewhat  mon*  convex  than  ventral  outline; 
greatest  depth  i»l  head  etpialing  \\n  length;  center  of  eye  slightly  alwive  axis  of  Inxly;  interorbital 
Hlightly  gn'ater  than  I'ye;   suout  somewhat  shorttu-  than  i've  ;  maxillary   with  supplementary  Inme 
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rrai-hini;  In  vtrlu-al  tliniu);li  itnlt-r  nf  pu|iil.  il»  [lOrtfrinr  loinlrr  broaii,  ihree-iourths  iif  fve;  niiiiilh 
ohljitiw.  a  iriaiiinilar  [Nitcli  of  MniU);  jmuiular  tM-th  on  vunier.  a  einglij  writs'  on  palatines.  »iiall 
)crBnular  Iw'lh  on  tongue,  an  oim-r  «:Tii?s  o(  en1«rgv<l  teclh  i>ii  ii|>iier  jaw,  a  cinglf  seriw  of  jiointeil 
t(*lli  on  IciUiT  jaw;  IhnIv  couipletdy  ?<«l*^l,  lia»y  of  eo(t  linrjal  anil  anal  l"ith  phealhed;  flieeka  anil 
ii|i[>fr  giart  of  o|>fn-1e  ^v.'ulr'l.  rvniahnler of  lit-ail  naktil;  lalcral  li[ie  ^^ningly  an'heil.  tlifan-hMl  [nirlirin 
i-ndinj;  aljoni  iiniltr  liftli  xoft  <ion«l  my:  annt^l  |>.ir1ion 'if  laltral  line  i4isi|f)it  with /<2  aniit^l  xcutt?, 
Ihe  iiiaiority  of  whirh  art-  laiv.  llic  larp^t  licinjf  O.tiii  ilianieU-r  of  fyr:  'lorswl  wilh  one  proc-uniliellt 
sj'ine:  tliiri  il(i[>al  •'\iutf  lonjin-st  ■  l.piken  in  lyiiei,  2,2  In  lit*!;  x'ftiJon^l  fk'vate<i,  lonifMt  ray;'  !.«  in 
IkwI:  tia^eof  Hift  ilnrsal  L'.-i  in  Ix-ly  to  lou^' of  i-anda);  soft  atwl  of  iitniilur  funii,  )>iit  with  I'liorttT  Inkv 
ami  wilh  i^horter  eleiTiti^il  ray-:  i-,iiii|;il  f'irki-<I.  ioU-ii  »l>ont  e-jual:  ptrtoral  faliWe.  Wnjitli  about 
niualiug  hwMi,  tip  of  ventral  reaihinp  jnsl  |ia.-it  vent  ariii  halfway  to  orijrin  M  fit  <lorsal. 

Color  in  alcohol,  liriglit  Mlvi-ry.  liarkt-r  above,  with  .i  imli^iliiiii  vertical  liark  lianib>  nearly  an  wide 
m  ere:  on  iipperlhre*~[ourthi!of  ImkU-.  a  sixth.  Ir^^iiliiitini't  chowint'on  eaiulle  iie-lunole:  no  o]ier<.-n]ar 
eiHit;  tiiiH  plain  exivpt  t-levaleil  |Hjrtion$  <if  sjit  ilor?a1  and  anal,  whieh  are  tip|Mil  wilh  lilack. 

Till-  ■lewriptioii  i^;  lajie'i  ujbui  the  tvpe.  Xn.  /i>17Il.  I'.  ;?,  N.  M.,  a  i^[i«».'imei)  5.5  ini-hes  in  K-njfih. 
i-..ll.-.te-l  by  the  .IH-Wn«.  at  llMn.ilulii  in'  INW. 


70.  Caran^ua  poUtus  Jenkine,  new  fimies.     ■'M'lt'i." 

liia-U  inl..rii.ili;  .l.pth  L'.it;  .v.- 4  in  hi*!;  intercirbitaj  :l;  maxillary  L'.S;  II.  viij-i--.'4;  A.  ii-i.  I"; 
urni«l  :^-nl<-7<  40.  Kn-a-llli  of  U.ly  al-nl  one-lialf  lenulh  ■■(  h<-a<l.  niiKleralely  i.-'>mpre»4->l:  l..ly 
I'lliliti'-Hl.  viTV  syninietri<'alty  forriit-l;  linr^al  an>U  enlnil  pn'tiler^r^iniilar;  ilet>(li  of  heait  Uwi  than  length; 

iiiH^illary  n-ai-liini;  jil.-^  U'vonil  anlerinr  Ixtriler  of  eye:  nth  ohliijiie.  lower  jaw  pnijecliu}:;  ix-nler 

..|  eye  ^lijrhtly  al">v.-  axl-  •■(  N-ly:  eye  with  well-leveloinil  a<li|MK4-  eyelid:  liandi'  of  rather  HtroiiK 
te.'ih  'iri  v.itiier  ntid  |iaUtiiie^.  line  irraniilar  ones  nn  lonfrue:  niinnle  lii-lh  in  ujiiK-r  jaw,  with  a  few 
iMnR-r  ime^  on  anterior  jiart;  tii'th  'in  lower  jaw  ahii'irf  olwilele;  Iki-Iv  I'oinpU'tely  h«1h1;  a  well- 
ilev('lo|>ed  waly  rheath  at  Imse  of  soft  dornal  ami  anal;  row;'  of  Miiall  wale-'  on  the  interrailial  Hpaee^ 
of  [-alldal  lin;  a-aUi'  on  rheeks,  upjier  |iarl;<  'if  o[iei\-li-  ami  preo|>en'le.  anil  a  patch  on  top  nf  head 
alioveand  liehind  eye,  ninainder  of  head  nak<-<l:  laler.tl  line  well  <'iirvi-l  anteriorly,  the  inrvt"!  part 
endinKiiti'lerfinhth  'lot>»l  r.ty.  th.arnie<l  |-.riion  siniiiihi.  wilh  lOanneil  »iitt*.  whieh  are  mninicly 
deveIo("iil  on  I'anilal  peilnnclp,  width  ..t  lari!Vi<t  Ihret^foiirtliH  diameter  of  eye;  oriiriu  of  ^'|1inon!<  itorva' 
aUmt  on  a  vertical  through  middle  of  v«Dtrali>:  tliinl  and  fourth  spiiiiv  al>oDt  e<|ual.  1.!'  in  heail.  fourth 


J 
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reat'liiiiK  origin  iif  m'lt  ilureal;  aiiierior  wift  iliir>!al  clevaliil,  Iiingeet  raya  1.9  in  heail;  uuft  luial  eiiiiiUr 
ill  form,  xliortLT  aQil  Inw  high;  pertiirul  t<lciiiI<T,  fakiit<-,  abiiiit  ci|iialiii|c  depth;  origin  clone  to  iiiarpn 
of  "[m^kIi-;  cauOal  obtuw.'ly  forked,  Mhv  »|Uftl;  vcnlml  2.1  in  iinul,  its  tip  reachinK  poeterior  tnArtpn 
iif  vent  mid  slightly  {uiHt  midway  ]>oiiit  from  Un  origin  to  flrnt  anal  Hpine;  distance  from  enout  to  aniu 
2.4  ill  l>i)ily  lo  base  of  <rau<lal. 

Culor  in  life,  lf8i-k  lighl-grcfiiish  with  0  \ery  iiidiHtincl  Itaniij';  wnont  and  liiw  diMtky;  margin  of 
lin<t  donul  yt'Uow,  su'ond  donwl  and  t-anilal  yellow;  lower  jiart  of  IhhIv  nilvery  white;  )>Uek  spot  on 
margin  of  ojiercle  near  npixT  angle,  tlie  lilatrk  extending  onto  IhhIv. 

ThU  d(M'ri[ition  i^  luxed  on  a  r<]H-<'iuie]i  »  liieheH  in  length  (lleUI  No.  100)  taken  by  ini;  at 
llonolnin  in  IKStt.  Only  one  other  Fii>e«'inieii  wau  obtained.  It  in  5  inches  in  leii{|rth  aitd  does  not 
differ  from  th«  type  e.xcept  in  eize,    Ty|>c,  X'>.  ."ViiOil,  I'.  S.  X.  M. 


77.  Carangue  afflais  (Kiipiiell). 


"J;» 


1).  vni-j,  lilt;  A.  [t-i-:^l;  ili'pth  :i.S  in  li-ngtii;  hea<l  Kliglilly  Hhorter  llian  de|>tli;  anterior  soft 
dor»al  and  anal  rays  not  niiicli  elc'valiil,  '2.'2n  in  hi-ail;  breast  Hi-ali«i;  lf7  wiitt's;  lateral  line  moderately 
arehed;  theeiirvi'il  jiart  e(|ua1mgtlte  straight  jiarl  lo  front  of  I'aiidal  jMHliint-Ii;;  ti.>«th  very  nniall,  fliender, 
in  apiiigie  riprjex  ineaeh  jau";  villiforin  Icetli  on  vomer,  |ialatineH  and  tongue;  jiectoral  long, somewhat 
(■urve<l,  a  little  lewi  than  '■(  in  lenglh;  hf  lip  n-aehing  to  front  of  w-mnd  anai  fin;  eandal  pedunclu 
ahiioft  Iwiie  af  wiile  rh  rlcep. 

Color  in  life,  up[H'r  |>art  of  IkhIv  gn-«^n.  with  bUiir^li  r(:tle<-tion!<.  lower  iiilvery  wliit«;  a  black  hjhiI 
.  on  ojierelu  exl4-mllng  on  choiilder,  axil  of  jieetorHl  blai'k. 

Thia  iniiHirtant  f(KMl-lish  in  very  alinndani  at  Honolulu.     Kighl  exanipleH  wen^  ubtiuneil. 


R(i|'T"-ll.  S 

iw  WirtH-ltliiirc 

ns.-ii.-. 

i#«.--.  Kit 

izlninT.  riu'hi' 

li^  K«lhi 
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r.  iHinHf,  Ak.  Wlw.  WIeii, 


78.  Carangoides  ferdau  ( l-'orMkal). 


Twii  i<pe[-i]ijen:>  of  tliiii  liNh,  1 
of  HiKitM  on  tb<>  cidi»4  ebaraclerint 


n  Dr.  \V.).»l's  .■.)lleetion.     The  group 
■\y  <li8aplieared  in  these  examplee. 
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79 .  Caranx  speciosus  ( FurskAl ) .     *  *  ( Ina  Pa m  »/ . " 

CV>lor  in  life  (field  N(j«.  IW  ami  296,  4.5  ami  5.25  inches  in  length),  hea«l,  ImhIv  ami  finp  a  l»ri)?ht 

golden  yellow,  the  VkkIv  with  II   black  crossljandH,  narrow  om^s  alternating  with  broader  rmes,  the 

iMndH  not  extending  on  the  fins.     A  large  specimen  alxuit  20  inches  in  length,  even  when  frt»8h, 

showed  no  trace  of  the  band.s  ami  la<*ke<l  the  bright  yellow  color  on  the  Inxly.     I  obtaine<l  .S  8iHM.*injeng, 

and  2  are  in  Dr.  WikkI's  collection,  7.75  and  8.5  inches  in  length,  each  of  whi<*h  shows  the  crossbands 

distinctlv.     The  fish  does  not  seem  to  l>e  ver\*  common  at  Honolulu. 

Sromttrr  itjprriitfttui  Forsk&l.  IH-sl'.  Anim..  \>.  .xii.  1775.  Re<l  Sea. 

tyirnnx  fiKCU^ui^,  GQnther.  fat.,  ii.  AXA,  IStX).  Stt'imlachiier.  Dcnks,  Ak.  \Vu*».  Wien.  i.xx.  195.  13U0  (Hawaiian  lixlaiidsi. 

timithnuijfton  jt/^/'nVxriM.  Jorrlaii  <k  Evermann.  Fi>hesi  North  and  Mid.  Amer..  i.  92S.  lx%. 

80.  Alectis  cUiaHs  (Bl<K*h).     "  I'/ua  Kihikihi.'' 

C^jlor  in  life,  lea<l  colore<l  alxne,  bright  silvery  below;  first  dorsal  filament  white,  tips  of  the  <4her 
filaments  white  and  black;  a  dusky  blotch  on  the  dorsal  fin.  One  sj^ei'imen  was  secured,  5.5  inches 
in  length.  Two  specimens  in  Dr.  NVckhI's  colle<*tion,  each  5.5  inches  in  length,  have  the  same  colora- 
tion, and  in  atldition  show  alMjut  5  indistinct  cn)6sl>amls  on  the  uppt*r  part  of  l)ody.  One  specimen 
(field  No.  13:^7)  2.5  inches  long,  was  obtaine<l  by  the  AlUttrfMot  in  1896.  This  fish  seems  to  Ix?  rare  at 
Honolulu,  as  only  txHrasional  examples  are  taken. 

'/jtu9dUari«  BUtfh.  IchthyoI|^a.  vi.  Tt,  pi.  191.  178M,  East  Indie?.. 

Vnranx  cUiarif,  Gfinther,  Cat.,  ii,  4o4,  I860:  ibid..  Fisehc  der  Sudjiet*.  v,  13.'>,  pi.  sy.  187«  (Hawaiian  iMlands). 

Alcctit  cUiarU.  Jordan  &,  Evermann.  Ftehej!  North  and  Mid.  Amer..  i.  931, 1896. 

Family  XXVI.  KUHLID.€. 
81.  Kuhlia  malo  (Cuvier  <&  Valenciennes). 

Color  in  life,  uj»iK»r  jtarts  light  gray,  lower  part  silvery.     It  is  a  goo<l  foo<l-fish.     Numemus  8ii«n- 
mens  are  in  my  collecti(m,  the  largest  l)eing  8.7  inches  in  length.    It  is  very  common  a))out  the  islands, 
asi-ending  the  fresh- water  streams. 
I}uU:$  moltt  V\\\\cT  &.  Valencienm'j*.  Hi»«t.  Nat.  I'oi«s..  vii.  I7y.  \K\\.  Tahiti. 

Family  X.WIl.  COKVPH/EXID.-E. 

82.   Coryphaena  hippurus  Linna'us.     '' yfuhihi.'' 

Hea<l  4.75  to  )»ase  ot  caudal:  depth  through  lja**f  of  j>ei'toral,  nearly  e<iualiug  head;  D.  56;  A.  26; 
maxillar>'  reaching  middle  of  eye;  dorsal  l)eginning  over  anterior  {>ortion  of  eye,  its  highest  portion 
1.3  in  hea<l;  pn>file  nearly  vertical:  ventral  in.<erte<l  slightly  l>ehind  upjjer  ray  of  pectoral,  under 
thirty-K»venth  dorsal  ray;  })ectoral  1.3  in  hea<l;  ventral  1.2  in  head.  Color  in  life,  Ixxly  bluish -gray 
alHJve,  silvery  on  l>elly,  with  golden  tinges,  covennl  with  numerous  small  blue  s]X)ts;  dorsal  bright 
blue  (in  alcohol  the  blue  l)ecomes  black).  I  have  examine<l  several  sf>e<'imens  in  the  market,  some 
44  inches  in  length.  In  ime  the  maxillary  reached  nearly  to  the  vertical  of  ]>asterior  l>order  of  eye. 
The  examj)le  descril)e<l  is  37  inches  in  total  length,  or  28.5  inches  to  base  of  cau<lal.  This  is  the  first 
record  of  this  spet'ies  in  the  eastern  portion  of  Polynesia.  This  fish  is  use<l  for  foo<l  in  Honolulu.  One 
specimen  was  obtaine<l  and  several  larger  ones  were  seen  in  the  market  from  time  to  time. 

Orryjthirun  hiiqmru*  Unna^us.  Syst.  Nat.,  v*\.  x.  2»ll.  175K.  in  the  o|K.'n  ?*fa;   (jiinther.  Cat.,  ii,  40.i:   Gunther.  Fi.sche  del 

SildsiH',  146,  1876. 
Coryph^rnn JajHPuirti  Sfhlegel,  Fauna  Jafton..  Poiss..  VJi).  pi.  61.  \X4'2. 

Family  XXVIll.  APO(iOXlD.E. 

83.  Fowleria  brachygnraxnmuB  Jenkins,  new  sjieciee. 

Head  2.i>  in  length;  depth  2.fi;  eye  3  in  heail;  snout  1.5  in  eye=inten)rbital;  D.  vii-i,  9;  A.  ii, 
7;  C.  22;  P.  11;  V.  i,  5;  st»les  U-22— 4;  dorsal  and  ventral  outlines  symmetrical;  fn>nt  of  mouth  on 
axis  of  lK)dy;  cleft  of  mouth  obli^jue;  sulx>rl)ital  very  narrow,  2.5  in  snout;  teeth  minute,  villiform,  on 
jaws,  vomer,  and  palatines;  j)reo[)ercular  margin  entire,  a  small  flat  spine  at  angle  of  opercle;  angle  of 
preopercle  rounde<l;  gillrakers  of  moderate  length,  ©nly  7  well  develope<l  on  lower  half  of  first  arch,  3 
anterior  ones  rudimentary;  first  dorsal  spine  very  short,  second  a  little  longer  than  half  of  the  third. 


miLLRTi:^    I'V   THK    UXITKU   FIXATES    KISH    (HlMMISSIOS. 

Irinp-Fit,  ii|iuil  1(1  thini  Hjijiu':  liral  mini  iiiimt  very  ebort, 

mft  Hliul   rayii  loiip.*!,  iijiial  tn  Inntp-Kt  wtfl  iliitsal  nyn; 

li-act  lii'irtii of  iitiiilal  pt^lumle  2  in  head;  peL-b>nil 

rlii^tiuu'e  friitii  ti[i  of  Hioiil  t'l  jxfMtfTior  rim  <>f  nrbit;  vt^ntnU  noC 

turW',  liMim-ly  iiiNTttHi,  rtHioiil;  aiitvrinr  iNirtiim  ul  lateral  line 

iw  frciiit  •>!  Fti'iiiiil  ilorrail  tin;  the  |>iD<tt'ri>ir  iKirlioa  <»ntinuKd  ti> 

iir<s<  nil  111!'  niw  'it  Hiiilcp  Iwii  walcM  lieiiiw. 

lifi'  tilaiti:  iHi'tnml  liiclil  Ttwy;  <1iir)4il,  i-aiii)al,  hilcI  a:m1  yellow;  ventral  iliukj-. 

I'hfM  in  leiiutli,  tiikt-n  liy  me  in  •■oral  rockx  Hi  Ilcinoliilii.    Thin  in  probably 

rni'ti-iis  .{/.nff.,,,  .,i.nli>^'.     Ty|«'.  No.  Mumi,  V.  S.  X.  M.,  IIoiiolulii. 
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B4    ApogoD  maculiferus 
<■».     It  u 


I   t.>«  iiii'liii'  in  lent^li,  Hire  rukeii  liy  .Ionian  &  Hnyiler 
Hliii'non^ily  tiiarkiil  u'illi  «  or  7  lonKitu<liiial  nin'.i  <i(  <Urk 


ilT.  Klwlll- cllT  KlilJuci 


8S.   Apo^on  eayd«ri -Innlnn  >>c  KvcniiHim. 

Color  in  lifi'  (liel'l  N.i.  HiSi,  jn-nenil  .vil.ir  jiali^  rcil,  :;  loii^'itn.limil  i«Mirlv  lines  on  llie  lioclv;  iriH 
yell..w:  Mrst  .lofsul  with  .!iL-ky  oliv.n-ti.us  aiil.Tior  l-nler;  whilr  lin.-x  uI..iik  fonrlli,  fitrli,  .nxtii.  and 

will.  :i.liLHky  lini'iiloiit;  Ikim-.  n-.l  •lisliitly;  <'Hti.hil  uilli  l»L-<e  <iil>^ky,  r.-st  tm1<'r>'il;  nliile  X|H>t  on  tip  of 


I  o).tHin<-<l  Ax  exiin.pli-:'  of  tlii=<  ^i^^i-u-^  r., 
.■lie!"  «erf  lakeii  l.y  Jonkn  A  S]iy.l.-r  in  1;pC 
,,./..«  invf' rfJnr'lnii  A  Kv.-nniimi,  lliill.  I'.s.  Ki'-h  <'i 
M.,<'<>11.  .roMiiii.l  Kv.Tinuiiii. 


Ufroiii  1.)  I< 


l.-n^fl,,  UM.I  t 


n:!,7  tiift.6 


II.-a.l  L'.7.-.  ill   leiiv-lli:    li.'jil 


S  ill  litwi;  Mioiil  t;  II.  viE-i.  II;  .\.  ii,  K;  C.  :.'l;  I'.  IS; 
V.  I,  :<;  H-:ili's  ;m;7  Ii;  iiuixill:iry  n.it  n-ni-liini;  .(iiite  t.i  i«»<t<-rior  niiiruin  nf  orliit;  Hiilxirliital  :( in  iiit«r- 
orliitiii,  »liiHi  in  al»iii1  <4|iiii1  lo  i^iioiit;  iini:l<'  of  |iD'o|n'ivle  ■'outi<1i'<1,  wiinenlml.  jiro'hK'e'l  Inekwanl, 

iHiih  [iiaTviiiK  HTratol;  t'vlli  in  jiinn  in  villiforni  I>liii<I>^;  lertl \<iiiii'r,  iiom iHilalinen;  ^illrakers 

Hlunilur,  10  wi  lower  ami  of  lirsft  arch;  branitliiwitepils  (i;  (ir«t  ilnrHul  npiiie  very  Hliiirt,  lliird  lonpeHl,  2 
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in  heuil,  Hevxiiid  \i  la  tbinl.  Hrvf^ulh  '2  la  Beaxinii,  eighth  epine  3.75  in  liead,  eijiial  tu  fifthi  Hrel  soft  ray 
lunge«t.  1.6  in  heail:  laet  ray  e.[iiai  t«  flfhth  spine;  length  oi  laudal  peduncle  i  from  end  of  dorsal  to 
Ijaae  of  <auriiil  raysj  3..i.  slightly  tapering  porteriorly;  eaudal  notched;  first  anal  spine  very  short, 
!iecond  :(  iu  head,  antf  rinr  soft  ray^  lon^«^l,  1.8  In  head;  lateral  line  i-oiuplete,  lollowing  curvature  of 
liack;  scaler^  finely  ciliated;  o^iercle  and  preuperck-  H-aled;  ns^  >if  heail  naked. 

I'oliir  in  life  •  lield  No.  :jl«  i.  jn^ncrul  i-olnr  pale  reil,  finely  jiunciate  with  blai-k,  hruivn,  and  <lM-|>er 
reil:  l>la''k  l<<ngitiidiiuil  line  from  gU'iKiX  throiiKh  eye  just  U'lxw  eil^'e  »f  pupil:  firi-t  dorsal  with  a  lilack 
liar  iin  aiiierior  lurdiT,  seinnil  iliprsal  and  anal  iiuh  wiih  a  lilack  lonftitudinal  liand  near  the  hase, 
thehandof  theil'-real  with  a  white  land  l^^lniv  ii,  iliat  of  the  anal  with  a  white  liand  aliove  and  one 
lielow;  Iwaal  pan  <if  raudal  hrnwn;  a  suhrnaryinal  hlack  liand  un  dorial  and  one  on  ventral  l»irder  of 
i-audal  fin.  lhe«,-  n,niiec-n-.l  near  luw  ..f  tin  hy  a  iransver^-,  cre>.vnl-:^halw.i.  l.lack  lj«nd;  ventral  with 
anterior  margins  hlai-k  distallv,  olive  Ijasally;  jiectoral  pale  riii.  In  alcohol  there  appear?  lo  be  a 
narrow  pale  liand  ulunir  the  lateral  line. 

This  desi-ription  i- ha«^i  on  the  tyi*.  X...  .^i7tJii.  r.  S.  .V.  M.  lield  X...  ii7.-.i..-i  inches  in  lenjflh, 
and  eleven  i*i'ty|«f  rantnng  from  .i  t'l  '>  inchw  in  k-njtth  colhi-tci  hy  me  in  Issu.  and  five  from  5  to  tt 
im-hei'  c.ilk-.-te.'l  by  Joniaii" «  .fnyier  in  l!«n',  all  at  llor.oUil.i. 

This  spei-icM  i^  ■juite  ahundaril  at  llonolulil,  where  it  i^  »dd  in  the  luark^I. 


~Al>^,l''«  mtlimml^  JiUtiU!,  IliM-  nulLt*.     Tl-pl'. 

Family  XXIX.   SERKAXiri.t. 


87.  Piked  aurora  Jor 


,rsi*vhnennn  l»r.  \V.«,r.-<-..lle.-licm  < 
n  len^h.  agree  clow-ly  with  Steindaclin 


eld  N.B-.  -Me.  Gs-2.  I 
■r's  excellent  figure 
3,  1HT4,  inrt  IVnli-',  .\t 


liOT  t,  ranging  from  4.5  ti>  7 
n  plaits  cited  l>elow. 

Icn,  iivii.  19«.  [.!.  vr.  I\x.  2:  nol 


88.   Epinepheltts  quemus  -■^'sle. 

Hea>l  2.«  in  length:  .leplh  ■.■..^:  D.  :ii.  li;  A.  iii,  «;  si-alen  120;  eye  4  in  head;  snout  3,35;  lower 
jaw  not  projiTling.  cn'>nt  acute:  ptufde  of  head  rising  at  angle  nf  45°  from  tip  of  snout  to  front  of 
doiyal  tin;  np|ier  lind'of  pniipiTcle  ntarly  vertital,  inctincl  a  Ultle  inrwani,  finely  serrated,  the  te«th 
enlarged  at  the  angle;  lower  limb  of  preopertle  entire;  opercle  with  3  small  spines,  the  middle  one 
nearer  the  lower,  the  latter  a  little  farther  hack  than  the  up[.er;  sulKirbital  narrow,  3  in  mout: 
F.  C.  B.  Wte-.-s 
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interorbital  2  in  niiout;  eyi?  elliptical,  longer  <lianieter  horizontal;  iMwtorior  noetril  i»val;  maxillary 
nake<l;  mouth  only  a  littU*  oblitpie;  maxillary  with  a  narntw  elongate  Hupplemental  bone;  Hiiimll 
canineH  in  fnmt  of  np]K'r  jaw;  smaller  <1e))re.«)sible  t<H*th  in  a  band  of  r^everal  rowH  in  upper  jaw,  widest 
in  front,  some  of  the  anterior  onen  enlar^'e*!;  an  (mter  row  of  larjrer  tixe«l  teeth;  teeth  on  vomer  and 
palatines;  dorsal  tin  continutMis;  thinl  and  fourth  dorsal  sjiint^  lon^'st,  2.2  in  hc*ad;  Hr^t  fiipine  uhort, 
2.5  in  the  third;  s<)ft  dorsal  higher  than  s]»inous  dorsal,  lon^'st  rays  2  in  heail;  wift  anal  niniilar  to 
soft  don<d;  second  and  third  anal  s)>ine.s  of  npial  length,  the  Mvond  thickest;  lateral  line  continuous. 

Ctilor  in  aI(*ohol,  head  and  ImnIv  li^dit  brown,  doudeil  with  blackish-brown  in  irregular  patt^tni; 
li]»s,  gill-membranes,  and  tins  black. 

Two  siHH'imens  <»f  this  sjHVies,  'A.H  and    12   inches  in   length   n»sjHH'tively,  are  in  Dr.  Wo<j«i*H 

colle<'tion.     It  was  not  st*en  by  nie. 

E/iiN* jihf lu^i jUititHniUnluj',  Kowlrr.  PriM-.  Ar.  Nut.  Si-i.  Phila.  IWKi.  .'MKi  <  Ilfiiioliihic  not  of  Koi>k«il. 

Epintphtlui'  tjnnNiti;  s<-ah'.  <HTa»<i<iiitil  ru|KT«.  Bi>hoi>  Mummiui.  i.  No,  I,  :\.  Wk.  1.  IWH.  Honolulu.     «Tyi>o  Xo. iHl.B.  P.  B.  M.  i 

89.  Anthias  fuacipinnis  Jenkins. 

Three  >|HH'iiiiens,  T.."*,  .s.  and  W.r>  in<'hes  in  length,  n'SjKM'tively,  are  in  Dr.  WixkI's  collei'tion. 

AnthiiiH/mcrij.hinix.  .Imkiiis.  Bull.  V.  S.  Fi^h  riunni.  for  l^W  i.Iunrh.  1W)1  i.:Js'.».  lijf.  ».  Honolulu.     <TyiK'.  No.  IWJft.  U.S.  N.  M.: 
loll.  o.  V.  .U:nkin^. 

Family  XXX.  PK1.\C.\XTHI1).4:. 

*  90.  Priacanthus  cruentatuB  i  I^n'-{k'd(M.     'M^/vof/ro.*' 

Color  in  life,  that  of  head  and  InNly  made  up  of  nii>ttlingsof  bright  nnl  ami  white;  iris  white,  with 
bright-n»<l  blotcho-;  dorsal  mnttle«l  with  ix'd  and  white  and  cownnl  on  ]M)Sterior  ]M>rtion  with  more  or 
le.'<s  distinct  nil;  anal  similar  in  color  to  dorsal;  caudal  ml  with  ntws  of  distinct  darker  ri'il  si»otH  cm 
membranes;  iK»ctoral  pale  red;  ventral  white  with  i"e<l  inottlings;  inside  of  mouth  white  with  brijiYit- 
tcmI  blotches. 

Six  sptM'imens,  ranginj;  from  V».2.")  t<>  II  inches  in  length,  were  obtaintnl;  one  is  in  I)r.  \Vo«KrH 
collection  and  one  in  that  nunle  by  Jordan  tV:  Snyder.  Thes4»  I  have  comjjanNl  with  examples  of  the 
West  ImliansiKM'ies  /'.  rrntuhit us iiml  with  s|K'cimens  colUn-ttMl  by  SniKignu^i)  <&  Heller  at  the  (vala^ka^N^, 
and  fintl  they  can  not  Im»  ilistinguishnl  by  either  color  or  structunil  differi*nces.  The  young  of  thin 
tish  is  known  as  the  "red-lish."  At  various  linn's  it  has  iH-curnHl  in  imnienst>  nuniln'rs  at  Honolulu. 
It  is  an  old  In^lief  of  the  natives  that  this  phenomenon  is  a  pn'curs<»r  of  the  death  of  tin^uw  memlH^r  of 
the  royal  family.  This  sjM'cies  is  abumlant  at  Ibtnohilu'and  is  an  imiN)rtant  f(KHl-tish. 
l^iJtriis  mi' itliitiiii  I^u«''|H'ih'.  Hi-t.  Nut.  l*oi»..  m.  .'r_M.  ls>i.  Miir(inii|Ut'. 

1'rinriinthiiit  runtfiHui^.  (;imtli«T.  Fis4-li»' «U'r  siiiNi-i-.  17.  \'\.  xvin.  l^TX  -nialiciti  nnil  Ktiirtti'in;  .Ionian  tV:  EviTuiHun,  Fi>lii>« 
North  an«l  Mill.  Annr..  in.  A«l<Kinln.  Jk'^x,  ls'.»h  iilurion  MmihIi:  .lonlmi  A  Mi-*;r»'K<>r.  KoiKirt  I*.  S.  tish  Cumin 
for  IK*-^    l.'^Wi,  ITS  -SiM-orro  nnd  cliirioii  islniuN.. 
priiu'nuthuf  rnn iittihtti.  .lonlun  iV:  Kvrniiiimi.  h'i-hf*' Norrh  ami  Mi»l.  Anu-r..  i.  i'j;>.  ivjii. 

91.  Priacanthus  meeki  Jenkins,  new  sjH-i'ies. 

Heat!  ;;.l  in  length;  clepth  2.*i;  eye  2.2  in  head;  snout  XVk  D.  \,  14;  A.  in,  ir»;  .•nale.**  12<»;  IhhIv 
compressi^l,  M)meN\liat  elliptical  in  outline;  m<iuth  very  obli<pie,  lower  jaw  proji^'ting,  ending  in  a 
hook;  maxilljiry  reaching  well  beyond  anterior  border  of  eye;  interorbital  somewhat  nion*  than  half 
eye;  bolh  limbs  oi  preo|H'rcle  finely  KTrate<l,  its  angle  terminating  in  a  small  free  spine;  margin  (»f 
o|K«nIe  entire,  the  flap  with  2  keels  ending  at  margin  as  short,  blunt  spines;  anteric^r  nostril  small, 
with  a  niised  margin;  i»o>terior  n<»stril  a  long,  narrow  slit,  one-third  <liameter  of  eye;  ttvth  in  ItaiidH 
on  vomer,  i»alatines.  and  jaw>,  somewhat  strong,  h<M»k»Hl;  dorsid  and  anal  tins  high,  longt»8t  8oft  d(»rMal 
■-ay  !.:>  in  head,  longi'.^^t  .*<ol't  anal  somewhat  shorter;  <*aii«ial  deeply  luimte,  upiH*r  loln»  the  longer; 
,M-<toiid  l.rt  in  head;  ventral  nearly  as  long  as  heail,  its  tip  reaching  slightly  U^yond  origin  of  anal; 
head  ami  ImmIv  completely  covere<l  with  small  n)Ugh  scales,  the  roughentMl  |H>rtion  of  each  Hi*ale 
forming  a  triangular  or  cn'.Hent-shaiHMl  j»at«h  on  posterior  portion  of  thi'  scale;  lateral  line  as(vnding 
abruptly  from  gilI-o|H.nin;:.  then  cursiuK  gently  to cau«lal  |K*duncle,  uiM»n  which  it  is  straight:  gillrakere 
2o  on  lower  arm  of  fir>t  arch,  stnaig,  longest  <»ne  '.\  in  «'ye. 

Color  in  lile,  uniformly  re<l;  iris  bright  red;  inside  of  mouth  luid  gillrakers  bright  nnl;  ti|Mi  cif 
ventrals,  .soft  dorsal  and  anal  and  posterior  margin  of  caudal  ilusky ;  no  sjiots  on  the  tins. 
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Priiu-aiUhim  rneeH  rtt^mhlu^  /■.  Aainr'ir  wiiiewliitl,  but  (litEer)>  from  it  in  tli«  nioch  aliorter  head, 
deeper  boiiy,  laiyer  eye,  hijfher  t*)ft  .lorwal  and  anal,  and  in  th*-  •-iiloration  of  the  doraal  and  anal  6n8. 

The  denription  is  tiaeeil  nn  tlie  tyin',  X<>.  50847,  l\  S.  X.  M.,  1:.'  imhw  in  length,  and  two  cotypes, 
4  and  4.5  inches  loni;,  in  I>r.  Wix-l!.  (fdleilion.  all  from  Houi.Iutn.  The  I'lnaller  examples  agree  with 
the  deecriplion  of  the  larger  one,  eicept  that  tlit  ^pint;  at  the  anjile  of  jireopercle  i»  more  disnini-t. 

This  ppecies  is  named  fur  lir,  Setli  Kii^ene  Meek,  m^ietant  curator  of  zoology,  Field  ('oiumbiAii 
Museum. 


Famil>  \\Xi.   UTHXin.t 

92.  Aph&reus  flaviTultus  -Irnkin^. 

Color  noles  ..f  the  \\[«.-  lakeii  when  fr.-^h  i  iss-n,  ,.v.Ti.H.k<.-.i  when  the  r^i^.ties  wa«  originally 
dew-rilieil,  art  bk  follow,':  (Jeiu^rjl  i-..li>r  liglii-l'lui^li:  i-nd  ■•(  l^wer  jaw.  Hioiit,  fail-,  and  top  o(  head 
c-ovennl  by  a  broad  1>atid  «f  l.ritrlil  yrllow.  the  v.-IIoh  Und  exteiKling  It-wi  broad  and  U-*  di-ninct  to 
origin  of  dorwal:  dnrsjl  lin  with  h'wiT  [■irtinn  mey,  riiitcr  yi-llnwi^li;  uiial  yellow;  (■audal  yellow  with 
nwy  posterior  niarKin:  ventrali"  yeltowinh  with  white  anterior  [iian.'i]i:  i-^'toral  nn-y. 

One  ^'[n■(■ime^,  12.5  ini-hes  lonij,  taken  off  the  eoaft  of  Kona,  Hawaii.  Tlie  iw"  yomig  (Xoe.  1 
and  21  in  the  table  t'iv<-n  willi  llie  des-ri|iIion,  ideulilie<l  with  thin  sjsries.  arv  evi-ienlly  of  another 
i"pedt*,  A./'trcalw  \i^i-K\Kilt:l. 

J;iAiir™ij<arirw««,T...ikm",  Bull,  T,  s.  FWH'umm.  IKfJ  iJiiin-».  IIWI  .  liUiMiK,  I,  H-ni..liilu,     rTv|«'.  N,..  J^WWI.  I". .-:.  N.  SI.. 
<t.ll.  (1.  1'.  I.-tikiii-.i 

B3.  Aphareus  furcatus  i  ljvv|>^lel. 

!•  apiiareiilly  referable  tothis 
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94.  ApsiluB  microdon  iSteinrlaeliner). 

Two  xiieeinien^  of  thie  fi|>M-iei^,  iV.ii  and  II)  ini-hew  in  Ifnirth,  are  in  Dr.  Wool's  oo1l«i-tion.     It  is  a 
(i^inmon  food-fieh  in  the  market  in  Ilonnhdii. 
Aprian  mitToctuii  SlelDdactiaer.  Siu.-Ber,  Ak.  Wi».  Wieii,  miv.  Abi.  i,  1X76.  IS*  (Sniidwicti  Islinrts). 
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96.  Apsilusbrig'huni  (Si'Htei. 

lleiul  :t  ill  IftiKth;  <li-[>tU  I'.K;  i-ye  :'..ii  in  h<w1;  Pitoiit  i:.«:  ^'iilH.iliititl  :£.:!;  iiiti^rurbital  4;  D.  \,U; 
A.  III.  H;  w-alt-H  T-fMl-l.i;  Himit  wiilc;  lijw  tliit'k;  liiwer  jmv  iii>l  jirojwtiiit!:  i>n.llle  liMiip  friiiii  tip  of 
i'Doiit  III  iN'('i|«il  at  angli'  of  alxnit  -fS",  HiiKiilatcil  nt  iitri|iiit,  iirnlili^  rinti);  (rum  iii'ri>  k1  u  geiLtltT  kIuin- 
til  fniiit  iif  liri't  ■iiiiva);  Ifiij.-th  <if  raiiiial  |iiiiimcli-  ■,'  in  lii>ail,  tii'|itli  i)f  iiiKitiiii-k'  li;  iiilcrurhitol  flat, 
iici'i|Htal  ri'iiJi'H  |ir<>Miincnt  U|i"n  it:  H  ti<w^  "f  H-alii"  nii  clii-ck;  H  nt»M  <in  "[wrcli-;  jiniiinTi'li-  iiakiHl, 
itH  jKiHtiTiiir  liiiili  alimii't  vi-rtii-al,  j-c'iirivly  imldii"!  Ik'I'iw,  ln>tli  liiulii"  (iricly  w'rnitt'"!;  jipi-ldral  a  littl*i 
fliiirliT  lliaii  lii-ail;  loii^ii't  nivM  l.L'  in  lii'U'i;  il<irKul  Tin  iiinrinmnk',  fmirtlj  Hi'im-  liminvt.  '■^.'1  in  liuul; 
larit  iloDwl  ulkI  ajial  ray  t>liiiif»tiil,  iiiiiui  to  leii^'tli  nf  i-aiiilal  jieiliiiK'lt',  :i  in  ln^il:  lliinl  anal  eiiiiio 
linittwit,  f>|iial  tn  Iciii^'Kt  ciorsal  ciiiiic:  lim-  Iwtli  in  Imniii'  in  i-uch  jaw,  Iwnilij  wiilwl  in  fninl,  lai'king 
IHisrlcriurly  un  firlcH  nS  Inwur  jaw;  ini  nnlcr  rvTuv  <it  t-nlarged  Ut'tti  aliing  tntlve  ainl  fmnt  nf  ctu'li  jaw; 
ill  fnint  <if  vat'li  jiiw  a  M>rii-s  of  Ii-:ih  ciilurvol  iiiiiiTiiinst  tcvlli;  tct-tli  on  vomer  ami  jialatintv. 

Color  in  atiroliiil,  ]iaiu  silvi-ry  yi'llnwinli;  a  inhit  iiiiiic-atiim  <if  -1  u-iik-  iihli<|ui>  i-rotwhaniU  on  Ihu-Ic 
anil  npiHT  jiart  of  ni<U-^-tlii!  Ilrs-l  on  tiic  iiTiimt,  thi-  w-o.ikI  thniiKh  Injnt  of  <lon«t  lin,  t!iir<I  through 
iniililli-  <if  >>]>iiioii»  (iiirKal.  fimrth  tliroiicli  foft  ilonul,  a  tiflli  on  i<n<l  »f  <'aiiihil  ixshindt:. 

(Un:  fixniplti  of  ttiiH  HiHi-ifH  if  in  Dr.  WihhI's  cHillt-i-lion. 
NrnlHiMbr/frhiwiNiiili',  I)ivii>.i<«iii1  l>H)>>'r^.  lli>lu>)>  Miui'iiiii.  v.>L.  1.  S.>.  4.  7.  ]'.«i,  IliHiulliliulflx'.  Ni'. 'i^Ti  H.  I'.  H.  M.l. 


Il'l    hitul   ]<lllt'   iillK',   llKllIiT  oil   l.i'il 
avM  of  vi'ntrulr'  while;  menilinnni'  ihi.-kv. 
'.  K.-i  anri  il.N  indies  in  leiiKlli.  weiv  ol.taii 


Aiiri-'H  I  .Ijirfiini  rinirtni' 


97.  Eteliscus  inarahi.Ieiikiii 


Hcail  ;(..'!  in  lenjtlh;  .!e[.lh  4:  eye:l..'iin  tieail;  nnmil  :i..i;  KiilHirliital  L' In  Mioiil;  intiTorliital  (i|iuiliin{ 
■■ye:  I).  X,  IE;  A.  Ill,  S;  H^'ali'Mri-Til-ll;  4i-unincM  inlhi'fnml  offwh  jaw,  thelateral  oni-slaiV"?''!;  a>iuut«r 
n.w  of  cnlarp-'i  li^fh  in  r-idpM  of  jaw,  within  lliiw  a  lian.i  of  Miiall,  fixed  teeth,  the  liaml  wiilowt  in  front 
iif  jawv;  livUi  im  voniir  an<l  lulatinii-;  lower  JHW  slijrhtly  iirojcitiiiK;  eye  lartw,  elliirtit-al;  inlenjrliitiil 
Hat;  7  vi-rtii-al  r-iuM  o(  m-alej"  on  i.n.iiiH'n-]f  ami  mine  ninnlur  on  'ijunle:  4  iihlii|ne  niwH  on  wile  of 
iKri|Jnt;  n■^'t  ofhi'uil  nakiil:  niarniin  I'f  niijH-r  linili  iif  |ireii|H<n'le  imlim-il  a  little  forwanl,  vert- f  lightly 
'li'iitieiilatc'l.  liiwer  liiuh  eiitin',  the  angle  with  loiiti-r,  Mleiider  iHiliiti';  hh-oiuI  ami  thini  liorsal  epinra 
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lonpept,  2.(\  in  hea<l;  firpt  short,  2Jy  in  >»c»<'on«l,  etjnal  to  laf»t;  first  H>ft  <l<»rsal  rays  abniptly  longer  than 
tho  la.«t  spines,  l.,'>  in  8ei'on<l  spine;  anal  spines  slender,  thini  lonjrest,  i^iualing eighth  spine;  last  soft  ray 
eaeh  of  dorsal  and  anal  elongat<.Hl,ei4ualing  first  s<^»ft  ray;  caudal  deeply  forke«l;  lateral  line  continuous. 

Color  in  alcohol,  plain  pale  yellowish,  a  little  darker  al)ove  ( prol>al)ly  roey  or  re<l  in  lifei;  very 
faint  indications  of  light  longitudinal  bands  fornieil  by  a  light  spot  on  the  ltfL»*e  of  ea<-h  scale. 

This  de^'ription  is  l>ase<l  on  a  syiecinien  15  inrh«^  long,  in  I>r.  WjmmI's  collection  from  Honolulu. 
Type,  Xo.  50714,  T.  S.  N.  M. 

This  sjJtvit^  is  nain«l  for  Mr.  Millard  ('.  Marsh,  «»f  the  ('.  S.  Fi>h  Coniniissitm. 

Family  X.XXII.  SPAKII).^-. 
98.  Monotazis  ^andoculis    Forskal..     ''.V*/." 

The  color  markings  vary  in  distinctness  and  character  with  the  age  oi  the  fish.  Color  in  life  of 
Xo.  26(),  ♦>.75  inches  in  length,  Ijody  light,  almost  white,  with  three  bnja<l  <lusky  Itands  acrass  liack  to 
mi<ldle  of  Ixxly;  width  of  first  l>and  from  hea«l  to  first  dorsal  spine;  second  l>and,  from  fourth  dorsal 
spine  to  ]iast  ninth;  thinl  band  from  in  front  of  eleventh  spine  to  last  ray;  dusky  areaij  on  dorsal,  a 
distinct  blai'k  area  from  last  spine  to  fourth  soft  ray;  posterior  margin  of  caudal  olivat^eous;  outer  mar- 
gin of  anal  oliva<*eous;  anterior  margin  of  i)e<*t<>ral  yellow,  rest  of  tin  pale  pinkish;  ventrals  white  with- 
rosy  shatiiugs;  liiw*  yellow;  iris  white,  yellowL*h  area  al»out  the  eye.  In  another  specimen,  Xo.  323, 
14  inches  in  length,  outer  margin  of  dorsal  bright  rt»<l;  pectorals  and  ventrals  red;  upper  liiw  yellow. 

Four  specimens,  6.75,  7.5,  9,  and  14  inches  in  length,  resjKxrtively,  were  obtained  at  Honolulu  in 
1889.  This  series  shows  well  the  variations  in  form  and  coloration  remarket!  by  Bleeker,  which  has 
le<l  him  to  regard  the  spe<'ie8  of  authors  as  one.  This  si>ecies,  while  frequently  seen,  is  not  abundant 
at  Honolulu.  -\t  the  time  of  my  visit  it  was  not  ea^^y  to  obtain  sjtecimens,  as  from  some  su])er8tition 
conm»cte<l  with  it,  it  was  in  high  estimation  by  the  native  tishennen,  on  which  a^-count  when  taken  it 
was  either  retaiue<l  to  l>e  eaten  ''with  a  friend,''  or  an  exorbitant  price  wai<  askt»<l  for  it. 

Sci:rnn  i/mmVtculijf  Fomkkl.  Dew.  Anini..  .Vi.  1775. 

Monntaxiit  indicii  Bennett.  Life  of  Kaffles,  Cat.  Fb-h..  Sumatra.  ftx\,  isiO. 

Sphent^lon  yrawU>culU  Hiippell,  Neue  WirlK*.  *\rs  Rnihen  Meeres,  ll:i,  tab.  2S.  fip.  2.  ls3r»  .  March.  183?*).  Giiniher.  Cat.,  i,  466; 

ibid,  Fisohe  der  Su<L««ef,  t>7.  \<7.\   Sainlwiih.  .<<H-ifty.  Friendly.  Samoa.  King^niill.  Hervey,  and  IVlew  i.«landf(). 
Spherotlon  hticnuhni  (Juntbcr.  fat.,  i.  4«w=.;  Bht* ki-r.  Atla-,  viii.  Taf.  2V»y.  1*»T»1.  I»:iy.  Fi»ih«-^  of  India,  i,  l:>.  1^7^>  (fVylon  and 

Malay  -\n"h.  •. 
MonotnxU  ftmiulornlii'.  Bleekrr.  Atla.-*.  viii.  ia">.  pi.  Jw.  tii:.  «.  l'*7»;. 

Family  .\X.\I11.   KVFH0SID.4:. 

99.  Kyphosus  eleg'ans  ■  Peters  i. 

Color  in  life  ■  tield  Xo.  Itil  i,  a  golden  band  on  lower  part  of  premaxillary  ami  maxillary  extend- 

ng  from  angle  of  mouth  horizontally  back  on  preo|>ercle  to  l>ehind  eye;  a  golden  sjnit  on  nostril, 

ami   one  Indiind  eye;    mend)ranes  of  o|>ercles  golden;    axil   jrolden;    lomritudinal   golden   .»itrii)es  on 

side  l)etween  rows  of  scali*s.     I  have  <*ompare<l  the  4  .^piH-imens  taken  at  lIon<»luln  with  examples  of 

K.  t'iffjitux  from  Mazatlan  and  can  dete<'t  no  structunil  differenees. 

PitnelcpUru*  rUijan*  Peters.  Berliner  Monat.«beri<'hte  K.  I*renss..  Ak.  Wiss..  707.  l'i»".*».  Mazatlan. 
K*/phfn'»ii  f^Ui/anM,  Evermann  &  Jrnkin**.  Pn»i'.  V.  S.  N.  M.  l**.*!.  l.V>  •  (>nayina^i 

Family  .\.X.\IV.   MILLID.^:. 
100.  Mulloides  saxnoensis  <iunther.     "  W'tki'." 

Color  in  life  ( lield  Xo.  liU),  general  color  white,  with  light-grtvn  shadings  on  the  lisu-k:  \ie\W 
white  with  yellowish  tinges;  a  bright  yellow  line  from  eye  to  l>a.<e  of  <-audal.  wider  than  pupil;  yellow 
stripes  under  eye;  2  faint  yellow  liiu's  along  8i<le  iH'neath  the  large  one;  lii^t  and  stn-ond  dorsals  ami 
camlal  yellow,  the  i^>ther  fins  white;  irregular  n»sy  blotches  on  anterior  |H)rtion  of  Ixaly;  liarliels  white. 

Six  spetMmens,  7.5  to  13  inchi»s  in  length,  wert^  colU*cte<l  by  me,  and  2  examj»les,  each  11  inches  in 
length,  were  taken  by  the  AUMitrtn^A  in  iSlHi.  \i  times  this  fish  is  very  abundant  in  the  market,  and  is 
rejranle<l  by  the  natives  as  being  "as  goo<l  as  the  mullet." 

MnXUridet  tamoen^fi*  Gunther.  Fische  der  .^fidwe.  .*>7.  taf.  xi.ni.  tig.  B,  1873,  Apia.  Samoa. 
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101.  Hulloidea  auriflamma  (funikikl).     ''lliilv." 

(Vilnr  ill  life  UWl.l  Su.  -Ml),  it.1  will,  y.llciwish  l->i'.l..r  t..  .ii.-li  «--al.-:  ii  l>ritrlit  yvll.m-  )<ui.l  .-xU-ml- 
iiigfniiii  «u^li  fjv;  nianiiii.-iid'l*'""'''"'"'  Iti-" •!>«■"  If  yi'llnw;  iri:' white,  with  nil  iimiT  lionlpr;  iloraal 
fiiiri  re.1  tnHuril  licHiv,  yflliiw  iiutwanlly:  canilal  iirighl  vfllnH-;  vf ntmlH ami  mial  nililish  lowant  (wily, 
bri):lit  yellow  mituanlly;  |>eciliiral  red;  IwrtK'li'  whilt-. 

I  iilrtaiiiisl  10  cxaitiiiltv  ■>(  tliiw  sjKi'iii',  from  7.24  to  f.tlS  incht*  in  Iciidlh;  it  IIMni-h  exuiiiple  ie  in 
)ir.  \Vn<><rM(-<>l]i'i'ti<iii;  am)  :■  cxumi'Iii',  <-ai-h  TiiiHiiii  Ihiikmitv  in  lli<>  >ii1)i«li»i)  iiiaili- bv  the  .4fhnrnM». 
ThiM  in  a  •-<>iiiiii»ii  and  iiiuih  vnliu-.)  [.»-l-lixli  at  )I<>ii.>1uli>. 
MHttatniirlfhimmH  F^ir^kal.  l>v«<'rl|>L.  .\riim.. :»,  177.S,  l)ji<lilu.  Ambhi. 
XuttHtfanJiHiatB*  Imi-ifi-Ar.  lli.l.  Sbi.  E'..!™..  rn.  -in:,  IWI. 
1-fKHmtflnr.Jittmtut.  Ciirf.-r  A  Vnl.'ticlL-Jin.-..  Hi-(.  -S-m.  l-i.tw.,  iii.  iiti.  It-!.. 
Jf■^^J(rlM/.r^xp*f*1l;lI«,  Bl.vki-r,  Sat. Tyjilwh,  Nisi,  li»l..  111.  liC^(;.Wi7[WiiluiIj:i;riiiihi-r.CBL.  1.4111,1)^ 

KfldiHV,  I.  ■'■!.  IST:-.;  RIii'Ikt,  Ki^vlvhni  Iii«il.  Miilli.ldis.  Kl  txTt:  KlM'k.r.  Allnt.  ]>1.  Wl  iMult..  |il.  4),  Rr.  3.  ISTT: 

mnvKmitl.  I.  W.Nat.  Mils..  X'i.T.Kl.m77iFliniiliiKl"liiiiil>'>, 

102.  Pseudupeueus  chiyseiydroa  i  Tjiii-|hMiO. 

Color  in  lifi'  tlicld  Xti.  L'4:l|,  dark  It-ail  ri>li>r  with  vi"lvt  im-i  (.iildi-n  dUadiiigH;  Miie  linM  allttr- 
nating  with  )(iildeii,  railiathit;  from  thr  ^yc;  louKitmliiiul  tcoidcii  limw  nn  the  rhtvk;  anlt'rior  iH>rtlun 
lit  finit  (Iiirval  K<ildim,  ivsl  <<[  tin  viitli'l  with  diinky  i>lia<li->i;  Mvimd  clontikl  uitli  nhliijiic  1ihii>  lineH alt^r- 
iiadnK  **'■()!  ^>lili.'n:  lar^i'  hrijclit  nniiif.'c  area  on  ii)i|ii'r  iii>rli>>ii  nf  i-atiiliil  [•■.■iluiii'U':  aiiui  nmrki^  an 
Ki:oiiil  dfirsal  lint  1i-sti  clark;  raiidal  ihfky  \'ioli-t:  ventral  rai':'  liliu',  iiii'iiilirHtU'ri  Kolih-n;  liArbelx 
tip[>cd  with  yellow.  Anotlu-ryxaiiiiili' (lifl'l  N'n.  121)  wHHmm-li  linhlcrin  i-olur,  with  nwy  tint.i-x;  limt 
dorml  nwy  willi  dusky  nhiuW:  ihc  lln-t  mid  «s-..iiil  niiineH  .iliva.-i-.iiiK  and  wilh  olivaciinui  iiuirkln^ 
alonii;  uiiti-r  njar>,'in:  tNiiiiiil  dorNil  whh  o)i1i.|iu>  whitifh  anil  yi-llow  itlri]ii'i.;  .-iiitrlal  ihiKkr  wilh  aiviui 
of  olive:  anal  Hn  jnil.-  with  yellow  ftriiHV:  ventral  niyi<  white,  ineiiihntiie  yelNiw;  a  lar)R>  liriifht,  liglit 
oraiiue  an-a  on  iiiijkt  jsivt  "i  i-iiiidal  i«-.liini'h-  exI.-Tnlinj;  half  way  .loun  IIh  hI.Ii*;  i\\»iii  ImrU'iM.iraiiKC 

Koiir  H|iei-imens  of  thir<  s]«i-i.-H,  S.7  lo  il.-'i  inehei-  in  lenjilh.  wen-  tiikeii;  thnv,  K.Tt  t..  11  inehtM  in 
leiiKth,  are  in  l»r.  W,N>.fi.  e.illwli.tn.  and  ..ne  it  Mi.-hcK  I.hik  wus  .-..ll.-i-l.Hl  l.y  .hirtliin  A  Hny.lpr. 
This  lieli  ix  hroiiirht  in  ji"'"'  mimUrc  t..  the  market. 

f.1l((Hii«.-srf«(wiMi«ljllVl»-'lv.HW.X»l.l\.lw..  III.  Wl.  [.1.11.%.  :i.l»ll.  l-li<  .!.■  Krwii-.-. 
F'/n-nrnipArfWrylr.u  IjiW-ih-iI.-.  ili'l.  Nnt.  IMlv..  III.  *V,,  1ml:  (-uvl.-r  Jt  \'nli>ii<>l.-ii 

Vnnn:  t<«iulwli'li  Maii<l!i,  Isle  .•!  IhiiirbiRi,  <'un>iiiaii.l.-l.>. 
Vimr«'  •iripriAaluf  BI<-<>kiT.  .V.-I.  S.«-.  Nivrl..  i.  !.'>.  VW.  Miiniiiki  <-ii  Mii.-awir:  li 
l\iraiiruf«t  rAriwr^Jno  KU<<'k(>r.  K<-rlid«ll  IIMII.  Mlll].i1>lt>-.  :t'.,  IKTJ:  Hli-.'kir,  Alli 
liK«.«.rtr,(wrtffArH»<l(liilhir.  Fiwli.- ik-r Sft.li«.v.-.  I.  rtl.  jil.  4.i.  Hh,  .V.  1«7.\  l^llv».- 
far«i>rii'«'  .■p.-f-wftmn..  SieiiBlai-liiuT,  Ih-i.k-.  -Ik.  Wl*,  WU-n,  t.ij..  I'JWi.  4-.; ,  ll.i: 

103.  PssudupaneuB  chrysottemuB  Joiilan 


-.  II»I.  Nut 


iMKB>(Ii1i 


•hiaiiin)  by  .ronlaii  A  K\-eriiiami. 


104.   PseudupeneuB  porphyreus -lerikitii'.  ii 


lleiid  :'.. 
Hx-al.'H  L'}-:Mt 


;  -lel-tl 


■af\\   : 


ntrul  tin 


L';   I).  vii[-i,  S;  A,  If,  (1;  V.  Ill;  P.  15;  V.  1,5; 

ral   1.2.-.;  eaiKlal   1.2:  l..ntre7i|  .l..r«il  xi.iiie  l..i:  l..iitn^m>ft 

ifS-Hl  t«.fl  .h.ft.nl  my;  leii;tlh  of  .-aiidul  |i(Kliin.-lo  txjiia]  to 

loi;.4  irihiwl:  (tn^it.-^t  width  .if  l«i.iyat  liiuu-H  of  ]H-ebiniIi^ 

ill  M'.hiiu-le  (-.|iial  to  :!..*>  in  hi-ii.t;  |>reorlrit«l 

reH.-iiin«  alnio-.!  I,>  veili.-iil  fn.in   |«B-lerior  noxtril;  diirtaiK^ 

■lir  of  ..ye;  inter...l.iliil  :!.-■.  in  head:  (e.'lh  in  MiiKle Hmea, 

I,  r.ilher  wi.l.-ly  «'|inniti-.i  and  of  iin(.<|nal  «!/.■).;  trillrakerx 

'.  <l I'lHTm.-l  aiLl   I..w<-nni«l  ..n.-s  v.-ry  xh.irt.  ii|.|«-rmost  ..i.e.- ..f  L.wi-r  arm  ..f  an-ii  hnigijrt. 

i-ye.  KDi.bially  iiii-iv;u"iri;.'  it)  leii;nh  downwaiit;  lowerituwt  oia-n  of  n|.|H'r  arm  aUmt  (l.il  h>ii{;th  «.if 
rmiv^.  of  h.wt-ranii:  hii.miI  hhiiit,  ahiioHt  Inineutc:  <loi>al  ]>r.>lile»f  li..:ir)  Mraitflit,  ryAttit  al  angle 
,f  alx.nl  4.-.'  I.>  n:i|--.  ].i-..lile  of  Iwi-k h..ri!n.iilal  fr..m  her.- 1..  fn>nt  ..f  «-.-.itid  .lor^il,  tli.'ii  di-rM-emliiiK  in 
uTiille  .-nrv.-  Ii.  .-imdiil  liii:  veiilral  ].njlile.>f  li>-a.l  anri  l«-ly  iilriio:'t  Htrai(;ht  from  !.n..iit  t.i  mi.idle 


.Uh-I. 


"i'f 


't  aunt  niv  i-iinul  1i 
.  l.i->;  1,11^1  d.-i.llie 

halfof  lu-ad:  »idlhof  nii.l.lh- < 
iixillary  2--.  ill  h. 

Illtle  t.-K-y  tliaii  . 
-X.  sh.irl,  biniil,  n 
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ol  Iwlly.  thfii  fiiniiiiitt  a  jn-ntli-  i-..nr!ivc  i-iirvi'  ^'ynllllclril■al  willi  r.irrw"[>iiiniinK  jiart  of  diirxal  iimlilc; 
moulli  iinly  vi-ry  ^IlKlitly  iil.liniii>;  |><ii>tiTiiir  liiiili  ..f  iJlTe)|x-rdi'  aliii'S'l  viTli<'al,  I'lWiT  liiiil>  Imriiwilital, 
anttlc  n>uii'li-<l:'<-yo  ultuost  dnnhtr,  unU'rior  rim  ^lL):litly  lx-f«n-  iiii<l.tle  ul  linxt;  .-<-nt>'r  i.f  i.ii|.i1  on 
level  with  m^fmiUr  fpiric:  intcrnrliiwl  i-onvex;  w'sles  cm  ciiciiil  i-xt<-iiiliii)c  a  linle  Wl.iw  noslriL>, 
M^veral  laiye  nvalc  uiitv  al">ii[  nii'trils:  [•i¥iirliilal.  Ii>wit  {larl  nt  •'[loiit.  jaw.  uml  iiiaiillaritv  luikpd; 
lir^t  dnnul  ^[line  very  slmrt;  tliir<t  ami  foiinh  loiipvl:  tliiril  K<'^illlf  at  ti|>.  ii'>t  |iii:iKft)t.  1>  in  lit-ad; 
s-innes  l<a.-k  iif  f.nmli'r.-pilarlv  .Wn-a^ in;:  in  len«ih  t..  IjL-t  Hlii.'li  i-ti.:!  ..t  nw.m.l:  .ii.-taiiiT  l*tuwii  Ijt^n 
.l..n«l  si.im-aii.l  liryl  ray  ..(  ^-.'.iml  .i..t«al  ±r,  m  hea.l;  s,.im'.,f  -.■.■oii.l  .Inrsil  .■.,,ial  t*>  ,-islli  sj.ine, 
I'.K  in  hnul:  Doit  lirnn.'iit-l  ray  l.>ni:iM,  a  litlli-  h-^  than  half  <.S  lii-ait,  rays  ;ini.liially  rWn^iii);  in 
lenirth  t.i  lazil,  whi.-li  i^  :(..i  in  hca-l;  .■aii.lal  .l.t-i.ly  f..rkni.  l..l.-^  aU.iil  (-.[iml,  ni.i*r  .if  HI  rayn,  1..w.t..( 
H;  lin<l  anal  fpint'  vrry  short,  i-<>ni-calnl  uilhin  nifiiilinitii's  aUml  liaM-  nf  niinnl.  »v<->i[i<l  itjnal  tn  Hntl 
hnuiohwl  ray  nf  dnr^l;  uthcry  jtrjilually  .Itvreasiny  in  li-iij;tli  tn  last.  Hliii'li  iijiiiils  la.-i  li.irs^l  ray; 
[lecttiral  piiinitil.  uiijut  rayc  Inturest;  ventral  ]Kiinli'l,wninil  lirain:li.il  r-.iy  Innm-i^;  lateral  line  |>anillel 
with  ilorral  pmtile,  Iw^nnini.'  aliovc  iipixT  mil  I'f  t.'ill'-'lil^  si'alt':'  lHr).f,  i'teni>i<l,  thon'  nf  ventral  jmrte 


tins: 

iiakfl:  • 

l«r>al  .h-pnwihk' in  n 

i  nxl 

iiiritiiil" 

hmcIl-s  .>n  i-a.-h  w'ulc: 

idut: 

UlH'  nf 

ini'tiinih  wiilc  almvi' 

liirlx'] 

1-  sl,.n.l.' 

■r,  >ilinrt.  nnl  mi.-liintt 

rathpr  larger  than  thnw  n(  Iwi-k;  liasal  half  nf  iiniilal  wsiU' 
trnxn-i-:  UiU-x  nf  latrral  line  h  iih  iiimien>itH  ( ]:i  in  lann-^t  < 
srali' Iii'fnre  ii[>|ifrfnil  nf  lia«'  nf  jHi-tnpjI  ivilli  larue  Inl* 
liaso  of  Vfiitral  with  iininiim-nt  t:i]«Tinjr  Imc^kwar-l  ]>n.lnni 
porterior  Hittf  nf  ]ire<>i«.'ri'U',  I.T.t  in  head, 

OoUir  in  Uft.|lieldX.).212).liea.iaii.ll..«lyiinifi.nnlyn'.l.linsl,ri-lil.'r;(iM<!nmilti].p,-.l  Willi  while; 
lielly  lijfhier;  iri»i  liicht  yellow;  Mift  dorsal  and  niiat  with  ini'nn>|>ii'noiis  gnl<1en  liii^e  on  iiienihranoH. 

Color  in  alii'hni,  M>inewhat  variable,  most  nf  the  s)H-<'imens  with  ]>a1i~yellowish  urotiiid-iiilor;  all 
have  3  we1l-niurke<l  lirifilit  yellow  r.r  white  <[iiadrate  an-a  soildtiil  iteros^niilerinr  half  of  itor^ul  '^iirfai-e 
of  caudal  iHilunde,  iva<-hin|f  ahout  half  way  down  to  lateral  line  nti  sirle.  On  Hin-i-inions  with  most 
eolor|>res<-n(,  dorsal  titw  ami  dnrxit  half  nf  head  ami  U-ly  nnK'li  elon.le.!  with  dusky:  a  Wml  on  h>'a<l 
fnmi  U'tow  anterior  no^nril  tn  middle  of  fn.nt  rim  of  I've  and  ay\«-iiTitis  arain  luek  of  eye  on  ^de  of 
heail:  adiisky  blotdi  on  n|>en'te  l-efnre  angle:  on  frei-  |>art  .-f  i>idi'  of  N-Iy  indi>>Iiiiet  .letinite  yelloHisli 
liiio^  Iwlow  lateral  line  and  2  ahove  it  fnlLiwin^  niiil.Ue  rn«  of  m'sW. 

ReivmliU-^  /-.  j^t„th.«-p;i;,-<;  (Illeeken  in  {.M^^ew^inn  nf  y.-llnw  Moieh  on  fmiX  lialf  of  lioek  n( 
iwuUl  )i-ln[>ele.  dllferiiii;  from  /'.  .■Uiii-T-^lr.^'  in  <-onlinenient  of  hl..i,'li  h.  f.,re  half  of  in^lnnHe  and  in 
mui-li  shorter  )Hirl>els.     Itiffem  from  /',  yu.lh.^,,iUT-.  in  iiim-h  sl>on.-r  larU'ls  ami  in  shorliT  m>m. 
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Varifttlimfi:  In  iiiiwt  iif  tlic  K|ie<'i[ii<>iit>  tlie  wHxnul  Bjiiin-  -it  tlu'  ■Inrtwl  is  stiff  ami  ixiiiKenl.  The 
I>ar1>eli*,  altlimigli  ^ncrally  nut  reiurliinii  tlie  ]HiM(>rii>r  margin  of  {in-oiH-ri'le,  <l<i  Mi  in  wiiiic  i-juvv.  In 
moHt  tttiWH  tlu>  Bcales  uf  llit>  lieaii  ilii  not  cxlfiid  l)«li>w  iiohIHIh  fniin  t<*i>  uf  iitwl. 

TliindeHcrJiiiion  is  iHwtl  ou  the  t>-pt>  (tlplil  So,  212)  lO.ti  Jnclitf  in  ViiKtli,  anA  17  rotypea,  5  with 
the  ty|it-  coIlectLHl  by  ine  in  1K8S,  4  by  I>r.  IVixxl,  '^  by  Jurilan  &  Snytler.  anil  4  liy  the  Alhatroim. 
Tliuee  examplem  nnin>  fn>in  5  t4>  12  inches  in  k-ngtli.  (TyiH-,  Nii.  507(1.^,  V.  S.  X.  M.,  Honolula; 
mil.  <).  P.  Joiikins.) 

lOfi.  PoeudupeneuB  bifsBCiatuB  (l.An-[Milc|. 


One  P{>ocitnen,  H.5  iiirhes  in  len^tii, 
by  the  All-itriMi  in  18IW.  This  Hpe<fieH 
well  known,  (iiintlier  Itad  i>i>e('imene 
detK-ribed  from  the  iHlan<l  nf  ]k>urbou,  a 


I  takon  by  me,  and  one,  li  in(-)iei<  in  loHKlh  (Held  Ko.  133»), 
1  niui'h  <Mnfiii<ed  with  J',  tiinlti/iirriiiiim  ttiat  its  ranfie  is  not 
III  KarotongH,  Sa\'aii,  anil  Soluniun  Ulandn.  It  was  fimt 
is  now  certainly  kuiiwn  to  occur  et  the  Hawaiian  Idlande. 


JVhUhi  bifatrialaii  Ijin^pMr.  HM.  N'ol.  fiiln,.  ni.  401,  fl.  14,  Hk.  :!,  IMII. 

riieiinnlH)V«riu(ii«,CiirlpriV»leiirlPDin.-H.  Midi.  Nut.  IMlw.,  in.  *i»".  isaii  (I»li>  i.f  lt..iir1-.iiM 'liliiilior,  Flwhp  ilcrOndMV, 

].  M.  pi.  44.  ng.  A.,  I!«T»  (RarniniiKa.  Savail,  Siiliiiaiin  l»lHndiil, 
()M<M  trtfatetnlHf  (In  |«r().  OUnlhrr,  Cm.,  i.  407.  IIW. 
ifuHN»fr<ft«irfii(n«  I*H'|i.Vl,.,  Hi»l.  Xal.  Pulm.,  111.  4IH,  |.l.  IS.  Hk.  1.  IWl. 

106.  FseudupeneuB  multifasciatus  (Quoy  tt  (JaitiianI).     "Monno." 

C-oXoT  of  fresh  siiecinien  (field  Ko.  82),  H.5  inclii-s  liing,  wh'ile  luxly  snfliiseil  with  red;  rv^on  over 
nape,  eye,  (i|>en'le,  anil  to  a  ihiiii  iliKtamv  tiehind  jiecliiml  lin  dusky;  <liuiky  liand  abont  7  Rcalefl  wide 
from  iMiHterior  marjiin  nf  lirst  dnrwil  to  middle  of  second  dorxa I  (thiii  liand  split  by  narrow  hand  of 
Ifround-coliir  at  front  of  HOiimd  dorsal);  dnsky  liand  around  caudal  jieilunde,  liack  iif  middle;  firat 
dorsal  red  with  diiyky  sjiiit  at  tiii;  margin  of  s(>cond  dorsal  blai-k;  jiei'tiiru]  yellow;  anal  black  with 
tihiisli  blolchiv;  ventrais  dusky,  suffnit-d  with  ml  »nd  with  alKiut  li  rather  distinct  tilth t-bhiiiili  orcm- 
Iwnilsi  liartiels  rcil,  with  whi1«  ti[w:  iris  n-A. 

Seventeen  esaniplw,  4.2.')  to  H.lS  inches  in  IciikIIi,  wen-  taken  by  rrie,  4  by  Dr.  Wood,  4  by  Jordan 
A  Snyder,  and  2  by  the  AU«itr-»»  in  \ms. 

This  finh  is  very  alnmdant  at  Honolulu  and  is  a  very  imjiortant  fiKnl-llsh, 

jriiflNKNm/fffiMrfalHilliiiiy&OHliniiH,  Voy.  lirenU-,  l^iil-ii..  SOU.  Atlnx.  |>l,  lil),  Hk,  1. 1>CM.  llahii. 

('>-iiriMrr(A]irfiirm.  CiiTlcr  ii  Valendenniii.  lIUi.  Nil.  IHitso.,  rti,  4ilN,  IRW  I  Sunilwlcli  InlaniU  t'anilliip  liilanilii):  eirecta. 

Ball.  V.  S,  S.  M.,  X".  7,  T1. 1»77  (Honuliilui:  ntliUlK-r.  Vojiw  I'lialUtiffer,  Hlinrr'  FIkIh-...  M  (Hniiiiliiliil;  rowler. 

ETor.  xr.  Nat.  Scl.  I'lilla.  ItlOO,  IKW  (Tahiti). 
PiiTHpfKnu  ifiultifiUKialfit  (In  i«rt)  BIn'kpr,  Itcvixlnn  Ill-nil.  MulloblPK.  20.  1h;1. 
IMraprnni/  iiialtlJ.iN-i<ilat.  HlvvkiT.  .Itliu.  ix.  |>1.  aM  (Mull..  |.1.  iv|.  n*:.  4,  IXTT. 
|-prpi^i.-ir(if'rt"nilth  JjJiWBln.  I-nx',  r.  S.  N.  M.  I»e,  i:n  JMiiiMinil-liin.l.    (T>1«'.  No.  MO:;.  I'.  S.  N,  M,) 

107.  Paeudup«neus  pl«uroetigins  (lieimi'ii), 

("olor  ill  life,  iip]«T  |«irl  of  Isidy  nil,  lower  while;  first  dorMHl,  |>ti'tor:il,  caudal,  and  ventml  n*d; 
second  dorsal  with  a  dusky  ctiot  on  front  ))or(ion,  and  with  al»)Ut  ti  bri):hl  yellow  lineii  ruunini;  acroM 
lin  iiarallel  to  axis  of  lioily  when  the  lin  is  extendol;  a  dusky  sjiot,  !W  lartp'as  eye,  on  Isiily  one  smle 
tielow  the  dorsal  line  and  just  lichind  the  vertical  fmni  ixvlerior  uiarj.'in  of  first  dorsal. 

Thret!  s|H-i-imi.'ns  of  IIiIh  H)Hvies,  li,  7.2,  and  7,K  inrlies  in  length,  were  lukeii  by  me  in  IKHS;  four, 
5  to  )>  ini'hw,  by  Dr.  Wmsl;  and  two,  Ti.7\  and  6.25  inclies,  by  Jonlan  &  Snyder. 

rlicT,  Fl«-lii>  .l.T  ,'iiii|.,T,  1.  ,v.  IsW  ((it«heill,  Apa- 


108.  ITpe&euB  axg»  .1 
>wn  hintiiliidinal  r 


.11   .<!  I-IVI 


tlie  dusky  bl< 
liars  (blai'k  a 


on  iHsly  alKive  lateral 

milar  fnmi  Iru>i>  (if  ]ii>ctoral  to  liai 
dorsal  traiisjian'nt  with  dusky  hlotclu's  alonj;  onti 
foniiint;  '^  obliijne  bars  on  the  fin:  laudul  lin  with  n 
>wn);  liarl«ls bright  yellow. 


line;  riue  oninee-ycllow  stripe 
I' of  cinidal.  reddish  line  f mm 
r  luanrin:  sei-ond  dorsal  same, 
liti-  liars  allenialiu^with  dark 


//  i 
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Foar  eiamplni  of  this  iipM-icf.  R.  R.  R.  anil 
Ilnniilulii  and  ii>  highly  valued  ap  a  fi-od-tiph. 


iihtaineil.     It  in  nhnmlant  a 


Family  XXXV.   POMACENTRID.*. 

108.  DascrUuBKlbiMllatiill. 

Eighteen  exain[)l«<  of  thii!  !q>e<'ie:'  nerp  taken  by  me,  the  majority  beln^  I'sn^ht  by  means  of  a 
dip-net,  on  the  reef  in  front  of  Hnnotiilu.  Tliey  range  from  1.!!  to  4  7  inchex  in  length.  In  the 
smallest  the  white  fpot  on  the  I'i'ie  of  the  hoiiy  in  O.T  a.-  hroail  an  the  liewi  anil  extendi  from  near 
the  domal  down  the  riiie  more  than  0.7  o(  itf  wiilth,  the  remainder  i)f  the  Iwxiy  bein^r  hlark.  These 
ppecimemi  fiimi  a,  complete  eeriec.  whirh  shou  in  the  trmalle^t  the  white  )<pot  relatively  large  and  ilii*- 
tincl,  being  ven'  cimiipiruous;  in  the  lar^i^t  it  grarlually  l)e(yime»i  lei«  distinrt  and  relatively  enuilter 
Id  the  largest  the  general  I'olor  if  gray,  bei'oniing  almost  white  in  ponie.  A  nuchal  spot  can  not  Im*. 
distinguished  in  any  of  theee  specimens.  The  serifv  abio  shows  a  gradation  In  length  of  second  and 
\aet  dorsal  spines.  One  fresh  s^iecimen  ( Aeld  Xo.  2->»  i  showed  each  scale  on  the  body  pale  blue  with 
posterior  margin  black;  head  and  Ana  all  black;  irii'  peleblue;  white  spot  on  f^ide.  o  srslee  wide  and  6 
sealee  deep,  is  under  basen  of  sixth  to  tenth  spines. 


DatcvOi'i  aOnrOa  Gill.  Proc.  Ac.  Nil.  $ci.  Phlla. 

r±n  VI.  ei.  kits  (18»i.  (Hooolutm 
DatetH"  Irimaratatat,  GuDlber,  Fijvhr  di 

Wl«n.  tjn.Sta.  l«)0<noD<ilulu). 
TUnvlrarhmmm  trimanUaum.  Blwkt 


inlber.  ClwIlmgEr  Report 


Head3.4  in  length;  depth  2.25:  eye  :1  in  heail;  snout  :t.T5;  maxillary  3.75;  interoriiital  2.5;  I>.  xn, 
15;  A.  II,  11 ;  F.  IS;  «.ale*  2-2H-S.  Ih.rsal  outline  of  Ix-iy  more  convex  than  ventral  outline;  mout 
shorter  than  diameter  of  eye;  I'auilal  |«<luncte  alxmt  2  in  head;  eye  greater  than  intemrbilal  space; 
JDterorbital  alightly  convex:  scales  reaching  a  little  Iwlow  level  of  the  single  noxtril:  suliorbital,  pre- 
opercle,  and  opercle  entire,  the  preoperrle  somewhat  erenulate;  theopercleeDdingin2sinall  fiat  spines. 
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LVtli  rmiiciil,  ill  aHiiii! 


t)i(!iipti€-rwiiiicn'lint  <i)isirnn';  Itvlli  rmiinil,  in  8Hm[rU'i*i'TirHiiiiwliiBw;  thinlilonwl  Hiiiiic  tin-  lonB«>t, 
I. ft  ill  liwul;  I'li.p'Ht  iii>n<iil  myc  fiiiiiii-wliul  I(hib<t  tliivii  tli'iril  iliimHl  j-iiim';  »ilt  ilorxul  niiiiuUil  wiiiir- 
what  liitihcr  tliuti  ii|>ln<iiiK  )H>rtiiiii:  emft  niial  ii>iiiiile<l  1.4  i[i  lieud;  iwiiliil  (iM'ply  HiiaT^iiuitp.  tlie  u|i{>er 
lotx'  slightly  tlic  loiificr.  tliir  li>nKc<<l  tuyn  n'anvly  (i|iMliiiK  tin'  heuil;  pMtoral  lirMOil,  1..1  in  head;  veii- 
tralH  nearly  nwhinif  vi>tit;  all  [lartR  nf  the  Ih-hIv  iiml  IipbiI,  i-xc<'|>t  [xirtion  of  t<ii<iiit  Hiit«riiir  lu  nostril 
and  tipiif  hiWL-r  jaw,  <-<)ven-<l  willi  hcuUv:  l:iteruriiTi(^dcvcln|itsl;  tutmi  nn  'X  R<-ale<>,  reachinic  t'l  within 
limMltfof  haw  of  last  dorsal  roy.  wht-n- it  it-awst;  IwMfHof  all  tinx  xcaltil. 

('i)Uir  ill  ali-iiliol,  IxKly  unci  hcai!  u  jialf  l>n>wn,  liKliti-r  liiwsnl  tliv  ventral  reKinn;  im  the  lower 
tliiril  <i[  Ixxly  faint  tniivr>(if  li>ni;itiiiliiial  niwx  nf  jn'srly  ilolii  (iirn'HiHimliiit;  to  ttie  Miiltv;  line  jialf  and 
withcint  niarkinpi.  no  i<]><it  uii  aiilcrinr  siiinunn  dcirwil  an<l  nontt  at  Iwm-  nf  jioctorxl. 

TliiH  di^iH-ri|ilioti  i^  IhwiI  oil  tlu-  tr]H>,  Nn.  iiOTOit,  t'.  S.  N.  M.,  •>.»  iiii-luw  lon^i:,  and  N  amaller 
iiityi-eH  takvM  liy  ini;  in  IKiflt.    Tlicy  were  uititrlit  in  tlu'  .-■■ral  rrM-kBi  in  tin-  r«'t  in  front  of  tlonoluhi. 

111.  Chromia  ovalia  (Sliiniiacliiier). 

Thrue  vxHiii|ikv,  t-ai'li  fl  incIirH  in  U-n)rtlii  wcri'  taken  liy  nu-,  atui  oucof  iviinc  K'n^rtli  1>y  Dr.  W^mmI. 
Thia  M|i«rin<a|>|N«rHl()  lie  the tmi' ilcwrilitil  l>y  Slt'inilui-hnt>r,  althoiiich  in  liipdcwriptitiiL  the  nitwure- 
nient  of  the  hiHly-bi'itcht  aH  :i.:i  in  the  iKKly-li'ntiith  mui't  U>  an  t'mir.  My  il(i<i'ni>ti[.m  of  tliiK  njieciof 
wax  in  the  ]iandi>of  the  [irintcrat  the  time  Sttimlai-hner'n  |iH|M.>raiipt>an><l,  mid  hi"  iuiimt  iliil  nut  iviM;h 
nie  until  after  my  {lapiT  H'af  |iii1ilislie'l. 

Hrihut't  'nnltiNcliHlai-hiK-r,  Ih-nki..  Ak.  Wl-it  Wk-ii,  I.Jix,  IVMI.  Mi.  Hiniiiliilii. 

'Ani^f'nJarJiniliitiH.  Bull.  I'.  K.  Ffih  r«iam.  fW  tJiin>"<.  1'JUli. :««.  Hit.  «,  lliiiinliilu.    <TyiK'.  N».  IMSM'.  S.  S'.  M.:  n>ll. 


112.  PomaceiitrUB  jenkinai  .Ionian  >^  Kvi-ntiann. 

NnnicnaiH  i'|«-.itii.'nH  tukvn  liy  me  in  1S.S1I.     Thiw  Minall  hiki'iih  is  vi-ry  common  alMint  the  r«'(, 

K«j-,«„ir.«(r«,  m„r,,iH.>i»>  Ji'iiktri-.  Imn.  l".  S,  FMi  Cimiii.  t..r  ]»•:>  i.riiii.'  «.  IWil  -.  !W1.  il*. :..  II..1...I11I11.    iTy|».,  N>^  WTwi. 

r.  a.  N.  M.:  cin.  O.  I-.  Ji'uklnsl.  iiuiiii'  i>n'W->'li|'<<''l' 
ft>imi<vnrr«>>'nti»i'<Ji<rrIuii.k  KviTiiiiiiiii.  Hull.  I'.  K.  Fklii'omin.  f<ir  lWUiA|>nl  II.  IMI).  IHV.  II.nHilaln. 

113.  Olypbiaodon  abdominalia  <'nvier  A  Vnli'iieienniv. 

Color  in  life,  iKindi  diHtiiict  («  luwer  Iwi)-lliinlH  of  Uxly,  yellow  lietwivn  llio  ImiicIh;  white  below. 
Thia  tifh  In  fairly  aliiinduni  at  Uoiiulnln.     Ten  exaniiilen,  4.4  tii  K.'J5  inelieH  in  length,  w(>re 
olitainin] ;  anil  two.  ^.'£i  aiitl  T.ll  iiM-hea,  an-  in  the  iiilU'ction  of  Jnnlan  &  Snyder. 
liuirkiiTKi^  »M.  Siil.  I^)ii«..  v,  IA7.  Itao.  HmrAllnii  IhIhiiiIk. 


114.  GlyphiBodonaordiduaiForskall. 

life  1  liel.1  N. 
■riMrt  of  Uw 
mrl  of  c[iiiiuiii' . 
lilts.  .^.,'<  and  : 
Jlr.  .\l.-lin-Kor 
1  in  the  nwrkit 

if  |i>i-lond;  hhuk  s|ki1  on  laudiil  |>eilimele  next  li>  iHwlerior  |iurt  of  dfirstl 
on-al  yellow. 

»  inil'uT'  loiii:,  and  hk  from  ILK  lo  !.:( inrlns  in  leiiirtli.  were  olitainn)  at 
olitaJiieil  one  l.ll  itiilieo  lone :<l  l-idminu.  Maui.     This  s[>iH'ieM  is  not  m  fre- 
as  the  iirei-iHlinj;. 

»lrf>  K.iB.kai.  n™ 
FiM"..  IliililUiT. 
11.  iwl  iliiNln..!!, 

A11i111.1l..  W.  177.-..  IijHrhi.  K.-1  sni, 

■hi,.  IV,  Al.  l^a  (i-lilTiKi;  m.vk,.f,  Adiiv.  W.  no.  ilc  :..  l!C;:  .:iliuli.-r.  Fi«-lu.  >I..T9nil>E^. 

11.0  i'.<ii~i  A[rl.'»:  I'ji'l  liulUii  An-lii|H'lii|.'.>:  I'liliiti.  Hii1iiI.'ii,.ihi<>i«^  himI  Kniilimi,  iKlaiirt  1. 

hitiiil}  .\X\V[.  L.AItKM).^;. 

lis.  I.«pidoplaia  bilunulatua  I  l^iii'jii'di-).     '■.I'mni." 

■Id  .No.  iLI'i,  i.'eneml  iiilor  wliite  with  pinkish  r^liiulcs.  many  horixontul  brown 

of  heail  iiiid  lairk:  a  hmwii  sti'i|H-  fniiii  aii^de  of Ih  to  aii^^le  <tf 

overlaid  willi  n'd  s|Hits:  rolors  of  Iniily  iNiateriurly  t^fnidiially  giving 
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way  to  yellow,  which  bei'omes  on  the  caudal  fm  a  bright  yellow;  a  black  an^  on  bo<ly  at  \ya8c  of 
poeterior  (lart  of  soft  dorsal,  extendinj^  on  caudal  ])e<luucle;  iris  black  with  red  inner  margin;  ])ectoral 
roey;  ventrals  white,  with  rosy  and  yellow  shadings;  a  black  spot  nearly  as  large  on  first  dorsal 
between  first  and  third,  spine;  tips  of  dorsal  spines  yellow;  soft  dorsal  and  anal  bright  yellow. 
Another  specimen  showed  the  brown  lines  of  alx>ve  red,  and  the  caudal  was  orange. 

Five  specimens  of  this  l)eautiful  fish,  H.t),  7.2,  7.7,  7.8,  9.4  implies  in  length,  respectively,  were 
taken.     It  is  common  in  the  market,  where  it  is  conspicuous  for  its  brilliant  coloration. 

Labrusbilunulatus  Lac6pMe,  Hist.  Nat.  Poiss.,  in,  464,  52C.  pi.  31. 1801. 

Cbwyphits  btimiulatus,  Cuvler  &  Valencieniu>s,  Hist.  Nnt.  PoLss.,  xiii,  121,  1839  (Isle  do  France):  Gilnther,  Pische  der 

Siid.see,  vii,  240,  pi.  cxx.x,  1881  (Mauritius,  Zanzibar.  Amboyna,  Misol,  Sandwioh  Islands). 
Harpe biluntUcUa,  Steindachner,  Denks.  Ak.  Wiss.  Wien,  lxx,  1900.  WS  (Honolulu). 

116.  Anaxnpses  cuvier  Quoy  &  (Taimanl. 

Color  in  life  (field  No.  71,  6  inches  in  length),  general  color  dark  brown,  Ijecoming  a  bright  red 
on  the  belly;  a  bright  pearly  spot  on  each  scale  half  as  large  as  pupil,  making  alxnit  17  longitudinal 
rows;  upper  part  of  head  dark  with  many  small  pearly  spots,  lower  part  blue  with  bright  red  spots; 
throat  and  breast  blue  with  many  bright  spots;  iris  yellow;  dorsal  fin  dark  red  with  blue  lx>rder  and 
with  4  or  5  rows  of  bright  pearly  blue  spots;  anal  fin  bright  red,  with  bright  blue  margin  and  bright 
blue  base,  with  3  wavy  lines  of  blue  running  whole  length  of  fin,  the  blue  crossing  in  places  from  one 
line  to  another;  caudal  reddish-brown,  upper  and  lower  margins  blue.  One  small  specimen,  about  2 
inches  in  length,  showed  the  same  coloration,  with  the  exception  of  having  a  black  ocellated  spot  on 
the  posterior  portion  of  soft  dorsal. 

This  species  is  common  at  Honolulu.  I  obtaineil  eight  examples,  5.25  to  10  inches  in  length;  one 
8.25  inches  long  was  taken  by  the  Albatrona  in  1896,  and  one  7  inches  long  by  Jordan  <fe  Snyder. 

Anamp9e»  cuvier  Quoy  &  Oaimard,  Voy.  de  I'Uranie,  Zool..  276,  pi.  55.  fig.  1,  1824,  *'de  I'ile  Mowi." 

Anafnp»e$  cuvieri,  Cuvier  &  Valenciennex,  Hist.  Nat.  Poiw.,  14. 11,  1839;  Giintlier.  Cat.,  iv.  13G.  1862  (Hawaiian  Islands) ;  ibid., 

Finche  der  Siidsee,  251,  pi.  136,  fig.  A,  1881   (Hawaiian   Islands);  Fowler.  I»n)e.  Ac.  Nat.  Sci.  Phila.  1900,  506 

(Honolulu). 

117.  Anaxnpses  evermanni  Jenkins. 

This  fish  is  not  uncommon  at  Honolulu.  Four  specimens,  11  to  12  inches  in  length,  were  obtained 
by  me;  one,  10.5  inches,  by  the  Alltatross  in  1896;  and  two,  10.5  and  12  inches,  by  the  AUhUtosb  in  1891. 

Anampiet  evermanni  Jenkins.  Bull.  U.  S.  Fish  Comm.  for  1899  (August  30,  1900),  57.  fig.  14,  Honolulu.    (Type,  No.  6136 
L.  S.  Jr.  Univ.  Mus.;  coll.  O.  P.  Jenkins.) 

118.  Stethojiilis  sizillaris  (Quoy  k  (lainiard). 

Color  in  life  (field  No.  308,  4.4  inches  long),  upi)er  parts  dusky,  covered  with  numerous  minute 
green  dots;  lower  parts  lighter,  reddish;  bright  orange  spot  on  Ixxly  just  behind  opercular  flap;  l)ase 
of  pectoral  black;  black  ocellated  spot  on  base  of  caudal;  orange  area  behind  angle  of  mouth;  iris  red. 

Another  specimen  (field  No.  126)  shows,  ground  color  olivace<^)us,  thickly  covered  with  bright 
green  dots;  throat  an<l  belly  greenish  silvery;  iris  bright  green;  base  of  iKH!t<>ral  and  axil  as  in  No.  308; 
3  black  spoti4  on  caudal  jKHluncle  on  lateral  line,  the  third  on  ba.se  of  caudal  fin;  dorsal  lin  olivaceous 
with  brownish  spots,  a  black  spot  at  base  of  last  2  rays;  anal  olivaceous,  base  green. 

Fourteen  specimens  of  this  beautiful  little  fish,  2  to  4.25  inches  in  length,  were  obtaine<l  by  me 
from  the  coral  rocks  on  the  reef  in  front  of  Honolulu,  and  3  are  in  Dr.  Wood's  collection. 

Julia  axiikurit  Quoy  <&  Gaimard,  Voya^fe  de  ITranie,  Zool..  272.  1824,  Maui.  Hawaiian  Island.s. 

SIcthojuJiH (ixiUnru,  Streets,  Bull.  U.S.  Nat.  Mus.,  No.  7,  65. 1877  (Honolulu):  Giintlier,  FiwhcderSiidsce,  vii.2r>l.iaf.  cxxxvi, 

flg.  C,  1881  (Pelew.  Solomon,  Fiji,  Navigator.  Society.  Hawaiian.  New  HebrideM.  PonajH');  Fowler.  Phk-.  Ac.  Nat. 

Soi.  Phila.  1900,  fi08  (Hawaiian  Islands). 

119.  Stethojulis  albovittata  (KOl renter). 

Color  in  life,  upper  parts  green,  lower  lighter;  a  bright  blue  line  from  middle  of  snout  to  upper 
port  of  iris  through  iris,  then  upward  and  backward  along  base  of  dorsal  fin  for  its  whole  length; 
another  bright  blue  line  from  eye  >)ack  and  just  Ijelow  lateral  line  to  alM)ut  sixth  or  seventh  scale; 
another  such  line  from  mouth  just  above  the  angle  running  Imckwani  just  below  eye  over  opercular 
flap,  ending  at  middle  of  Itase  of  caudal:  another  bright  blue  line  l)elow  chin  curving  upwanl  and 


4(i() 


nrr<LKTi!f  ok  thr  n;*iTEn  statka  fish  oommissiok. 


anmnil  to  lower  anglo  of  |in-n|H.'rtk'  (ttiiii  iHirtion  of  )hp  line  vifilol)  itn<l  iwi't  it,  thonoe  to  }viv 
IMH-tonil,  wlii<-h  inlvmiptx  it,  iiintiiiuini;  <)owiiwHnl  uml  luii'kwuril,  ttiiilint;  ut  lower  [Nirt  of  h 
of  caiiilal;  between  tliext'  lai>t  2  liiiiv  )Kii)tfrLor  tn  )iiim>  of  im'tiim),  a  tiri)>ht  i>raTiK<>  Imnd;  iIorMil  ii 
i-anilal  flus  orAiigc;  anal  tr&ns|>art'nt,  but  blue  towanl  \uwv;  venlmla  transparent;  IriH  orange. 

Twenty-one  exaniplen  of  thiM  brilliantly  colored  and  very  lieaiitiful  little  fleli,  from  -1.5  to  .*>  iiicl 
in  length,  were  taken.     It  Ih  quite  abundant  alvint  the  reef. 

1  (Zaiidbiir.  MB<I*Kiuic«r.  Hnwaii 


alhorUlalH'  KJItriMilvr  In  Bmiiinlurn.',  Iphlhyii 

.  IW.  liK.  3W 

i^telndu-hnpr.  IVnki,  Ak.  Wlm.  Wli-n,  i.xi 

'lam,  .wd 

iHnwikllui  I'Uincl.j. 

llMinli 


n:  Knwl 


SH.  l-lillH.  I  WW.  ax 


130.  Halichcerea  lao  J«-ukini>.     "/yiv." 
Two  Hperiinenn,  3.f{  anil  4.2i>  iiK'lhf  in  length.     Dewription  niirl  (i>l< 
llrlH-rri  l>m  Jenkliu.  Hull.  T'. .''.  I'tih  <'<>inin.  (or  ItK  lAiiini")  M>.  1t»li.  4K.  tlK-  ^  H 


Unl 


121.  HaliehcBrea  irideaceiiB  JonkinN.     "fAun  htairfhi. 

Three  »|)wimcns,  n,  ft.4,  anil  5,5(1  inclies  long,  n-sjiei'tively,  taken  liy  ine. 
given  in  paper  referral  to. 

IMIi-hVTf  irMrta-HI  ivnkinr,  Hull.  V.  S.  PMi  Ciiiihi.  1«W  t  Aiiitii-1 ;».  IWiin,  17.  11k.  .:,  H.ii.ciliil.i 
I'nlv.  Har.:  i-"!!.  O.  ■■.  Jfiikln-.i 

132.  Hacropharyn^don  seofflrojr  (Qiioy  A  (iainianll.     "lliaiile 

Five  exiiniplex  of  lliin  lH>aiitiful  li^li  were  taken.     They  meajiiire  n.o.  4.2,  ' 
leniiUi.     TliiM  WOH  tlii>n).'ht  to  lie  u  new  Ki>e<'ie)>  by  rue.  hut  rei-ently  having  a 
Zool.,  i.-ontuiiiiiig  (Juoy  &  CiaimiinrH  dl■^^:ri)1tion  and  lipnre  luixt-i)  on  a  i>|Hi'iiuei 
reniaini)  no  iluubt.  that  my  p|Mt'iiiienH  ar<-  of  their  ciN-eitw, 
Jvlit  p-uffn-v  IJIMiy  A  llrtlninni,  Vii>-.  J.-  I'fniiili-.  Z.-.l.,270,  |il. :«.  riR.  it.  iKit.  Mniii:  ruv1i-r  A  VKln 

la.'tn,  1X39  I  lluwBilnii  IslmiiUi. 
PMinjIiumigniffmirii.Uiiaarr.Cut..  iv.  14-'',  ixia  ( ilawallmi  Maii'lnj. 

JTumviAiirpRiA'rfnN  nqHiM.  Jenklna.  Biill,  I'.  S.  FIhIi  Cmim.   Ii.r  1>n-j  tAiiKiui  :<•>.  I'.»»i,  Vi. 
Nn.  urn.  I..  H.  Jr.  rnlv.  Mm.;  mil.  (I.  )>.  Jenkins.) 


I.75in<<hei<  in 
Voy.  I'raiiie, 
X  Maui,  tht'n- 

Ii»l.  Nut.  Polwi,, 
rioliUii.    (Type. 


133.  Julia  gaimard  (U"oy  <,^  (iaimanl). 


Color  in  lite,  bright  nil,  with  bright  lilue  dol»  on  the  lio<ly,  ni 
nn  head  and  chin  gnt-n;  greeniih  IrariMVerHe  urea  on  iMtily  al>out  regii 

Tlii"  Ml  IM  fairly  cununon  at   llonoliilu.     Three  x|HH'iniei 
Al-«>one  11.7  iiiebcKliing  taken  by  the  Allxitro/n  in  IHtHi. 
.Mi'  inliti'inl  IJiiK}'  A  Dainiunl.  Vr<y.  ili-  I'l'tnlile.  K<»l..  'Jll.'>,  |il.  M.  I<K.  1.  IW 


nnnieroiiH  p<«leriorly:  lunid^ 

<f  ti|>of  iH'i-toml. 
)i.  1I).H,  and  11.5  ini-hi-M  in  length; 


I.  I-llilH. 


lltllM. 


124.  Julis  pulcherrima  c;ii[ither. 


.ltil-l< 


(.'nior  h)  life  (Held  tiv^.  »(  ami  iH>.  K.K  ami  10.5  inrhes  long),  head  nil  with  bright,  wavy  ftrcen, 
limgitiidinnl  HtripeM,  1  fn)ni  Mioiit  to  fve:  1  from  aiinle  of  uioutb  In  o].|>osiU'  Imw  of  |Mfl-toral  Hn;  1 
fnmi  I'hin  to  l>aw-  iiC  ventral;  1  on  niiddht  of  fon>hi-ai|;  2  from  eye,  the  up^HT  to  baw  of  domal,  where 
it  liecoinei' «  rr)w  of  briglit  bine  sjiot^  1  pih'I  at  Imw  nf  eaeh  spine  and  ray;  lower  wtriiie  from  fve 
extending  to  operunlar  flap;  >!ronnd  eolur  of  anterior  |«rt  of  lioily  nildinli  brown,  the  ri'inainder  of 
IhmIv  through  liwt  thinl  of  eauiiul  with  dark  elomlingn;  dorHal  fin  nil,  miler  thin!  liriBht  re<i,  iK|Mt- 
nite<l  from  inner  two-thinlf  by  ii  bine  line;  outer  margin  blaek,  inner  two-thinln  with  maoy  niuill 
blm'  >']H>t)<;  anal  Hn  nlniilar  tti  iloTHat  hut  brighter,  margin  hine  iniiteail  of  blaek,  with  deliivte  Hlmtl- 
ingM  diHienlt  to  imlieate:  u  bright  blue  H)Hit  at  t>aM>  of  (-aehwift  ray;  outer  two-thinlx  of  eanilal  brifcht 
yellow;  iieetonil  rayn  rei),  meinbnineH  eolorU'Hc;  axil  dnrk  hhie  surrounded  by  riugii  uf  dark  (freen; 
many  bright  ii|>otH  on  [Kirterior  thihl  of  limly;  ventral  finn,  miler  margin  dark  blue,  next  bright  red, 
next  light  blue. 


^// 
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This  is  one  of  the  most  beautiful  of  the  brilliantly  colored  fishei?  seen  at  Honolulu.  It  is  fairiy 
common.  I  obtained  10  examples  in  1889  from  7  to  10.5  inches  in  length,  and  2,  each  6 A  inches, 
were  taken  by  the  AlhatroM  in  18%. 

CurU  pitlcUrrrima  Giinther,  <'al..  iv. '200,  \^1.  Amboyna.  Celebes.  Tahiti.  Niw  Hebrides;  SU'indaehner.  l>eiik>.  Ak.  WisN. 
Wien.  L.XX,  1900.  507  (Honolulu'. 

125.  Julis  lepomis  (Jenkins). 

Thie  siKM'inien  of  this  l>eautiful  fish,  17.5  inches  in  lenj^th,  wa.s  taken  by  me.  Des<Tiption  in  i>aiH.T 
referred  to  l)elow. 

Corif  kitomh  Jenkins.  Bull.  l'.  S.   Fish  rt.min.  for  IMW  (Aukum;*).  iyU>i.  IM.  lig.  -l.  Honi)lulu.     (Tyr>e.  No.  12141,  L.  S.  Jr. 
rniv.  Mu«*.:  coll.  O.  \\  Jenkins.) 

126.  J\ilis  eydouxii  Cuvier  &  Valenciennes. 

Color  in  life  (field  No.  25(),  11.3  inches  lonjij),  upi)er  parts  dark  }»rown,  lower  parts  pink;  a  }>and 
running  along  back  just  IhOow  ba.^e  of  dorsal  fin,  Ix-ginning  on  head  l)ehind  vertical  fnim  iH>sterior 
lK>rderof  eye,  running  on  to  caudal,  wavy  and  blue  in  front,  nearly  whitt^  jnisteriorly;  a  yellowish-white 
band  Ix^coming  blue  ixwteriorly  from  tip  of  snout  on  middle  line  on  top  of  head  to  origin  of  dorsal, 
then  running  upon  dorsal  as  a  blue  anterior  margin;  from  this  band  just  back  of  tip  of  snout,  a  Iwmd 
(one  on  each  side)  branching  and  running  back  just  along  upper  margin  of  eye  and  ending  at  a  vertical 
frt>m  fourteenth  dorsal  si)ine,  blue  in  front  and  almost  white  pf>steriorly;  another  Ijand  blue  in  front, 
ninning  from  mouth  along  lower  margin  of  eye  through  oi>ercular  flap,  which  has  a  blue  spot,  straight 
back  to  tail;  this  band  dividing  the  upj)er  brown  color  from  the  pink  l)elow;  l)etween  these  bands,  the 
brown  color  on  Ixxly  gradually  changing  to  re<l  on  the  head;  pectoral  and  ventrals  pink;  dorsal  dusky, 
almost  black,  outer  margin  bluLsh-white;  a  conspicuous  yellow  longitudinal  band  along  the  central 
portion  of  the  fin,  anterior  portion  with  a  black  spot  on  second  spine  and  membrane  Ix^tween  sectjnd 
and  thinl  spines;  caudal  fin  outer  margin  and  base  white,  between  which  is  a  broad  black  band;  anal 
black,  outer  margin  bluish-white. 

Six  examples,  fn)m  6.6  to  11.3  inches  in  length,  were  obtained  by  me,  and  two,  10.75  and  12.75 
incht^s,  by  the  Albatrosx. 

Jnlif' t  ijdotixii  CuvivT  &.  Valenciennes.  Hist.  Nat.  Poiss..  xiii.  4.V).  .Sandwich  Islands. 

127.  Hemicoris  baillieui  (  Vaillant  «V  Sauvage). 

One  sptH^imen  of  this  fish,  9.2  inches  in  length,  which  shows  well  the  markings  shown  in  I>r. 
Steindachner's  figure,  is  in  Dr.  Wool's  collection. 

0>nV6<iiW/ Ml  Vaillant  <t  Sauvage.  Kev.  Mag.  Z<m>1..  hi,  I'^T.^.  JVi.  .<and\vich  Islands. 

Q/rvf  gchauifutlandii  Stelndachner.  Anzeiger.  No.  xvi.  Denks.  Ak.  Wi.ss.  Wien,  June  Jl  (June  '£7),  1900,  177,  Honuluhi: 
Steindachner.  Denks.  Ak.  Wiss.  Wien.  liHX).  taf.  v.  lig.  1.  508.  Honolulu. 

128.  Hemicoris  argenteo-striata  (Steindachner). 

One  sjHJcimen  of  this  si)ecic*s  was  taken  by  Dr.  Woo^i.  My  description  of  this  fish  was  [uiblislR'*! 
Ix'fore  Dr.  Steindachner's  paper  reached  me. 

Chri*  arfffrUt(h)ttrintin<  Steindachner.  Anzeiger.  No.  xvi,  Denks.  .\k.  Wi.s^.  Wien.  June  21  (June  27 »,  lyoo,  170,  Honolulu; 

Steindachner.  r>enks.  .Vk.  Wiss.  Wien.  1900.  l.xx.  507.  taf.  in.  fig.  1,  Honolulu. 
UemicttrU  kdeiiiionU  Jenkins,  Bull.  l'.  S.  I-Msh  Coram,  for  1899  «.\uguxt  30,  1900),  61,  fig.  6.  Honolulu.     ^Type,  No.  «M9. 

L.  S.  Jr.  Univ.  Mus.;  coll.  U.  P.  Jenkins,  i 

129.  Hemicoris  rexnedia  Jenkins. 

Twelve  examples  of  this  species,  5  to  6.6  inches  in  length,  were  taken  by  me.  Dr.  Steindachner 
has  identifie<l  this  fish  with  C'orM  mnltinAnr  (Ruppell),  a  sjKx-ies  desi'ribed  fnnn  the  Red  Sea.  This 
differs  from  RiipiJeH's  species  in  not  having  the  anterior  <1orsal  spine  produced,  in  the  absence  of  a 
dark  blotch  on  anterior  dorsal,  and  in  coloration  of  th(;  head. 

This  very  brilliant  fish  is  fairly  comnion  at  Honolulu. 

Curt*  »iu//irrV</r  Steindachner,  DenkM.  Ak.  VVImk.  Wien.  i.xx.  1900,  507,  i»l.  v,  fig.  2  (Honolulu.  Layxan).  not  of  Kdppell. 
Uemicoru  remcdinjs  Jenkin>«.  Bull.  T.  S  Fish  Comm.  for  1899  ^August  30.  1900),  49.  fig.  5.  Honolulu.    (Type,  No.  6133,  L.  S. 
Jr.  Univ  Mu8.:  coll.  O.  F.  Jenkins.) 
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130.  Cheilioinermia  (ForskAl). 

Tliio  lii-ti  in  vpry  i-onimnn  at  Ilonoliilu  ami  variif  iiiuih  in  color  and  form.  Twelve  examplea,  7.6 
1.1  IH  iiii-lit^iii  IfiiKtli,  »iTflaki'iil.ym.,ainlimi',  10.  J.^  iiiilmlniiK,  wai^  taken  hy  the  Albatnuf  in  1886. 

Ciiiiir  ill  life  (lit-lil  Xo.  27lt,  Hi  iinlii-n  Innit),  It-mien,  darker  alHivt,  lighter  below;  margin  of  each 
w'Ale  faint  ([olilen;  line  of  KiiMeti  i<iiol«  iMi'kwanl  fniiii  angle  u(  jaw,  eiiruuilinfi;  into  (pilileii  retimilatione 
(III  u|>en-le  anil  jire'jpertle;  dorsal  fin  will)  pildm  reticiilatioiii':  niend>rann'  of  anal  with  a  Beriei  of 
Kiildeii  crnMtiliun^;  inenilirann'  of  iwidat  will)  (Hiiit  hnjwn  R)Hit>>i  on  tlic  Imly,  at  a  vertical  frani  fourth 
and  llftli  dorral  iipint-ii,  iti  an  orange  hlotrh  running  into  it  black  one  alxiut  th«  lateral  lioe,  which 
L-xtt'nil^  af  a  ilark  blue  band  alioiit  the  I>el1y. 

Another  exuini lie  Ifielii  Xo.  a«),  13.2.'>  inehen  loiii;!  phowi<.  ^aeral  eolor  rwliliph -brown;  a.  AmA 
lonKiludinHl  lianil  frimi  i>)ii-n-iilHr  Hap  tii  laiidal;  eai'h  nmle  with  h  niiot,  whicli  lielow  the  lateral  line  is 
I)early;  rayi<  nf  iliirnal  brown;  m>-H  of  anal  )rnvniHh;  rei)dii<h- brown  ejHitH  on  throat  and  chin;  retic- 
iilationii  <it  till:  iiaiiie  color  on  viden  of  tieail,  cheek,  jireopen-leH  and  oixTflen;  rayii  of  caudal  greeaiBh. 

Anotheri'xampk'  (Held  No.  101,  !>,.'>  inchew  lont:).  Iioily  light  brown,  li(fht«ron  belly;  each  scale 
with  A  pearly  ciHit;  tlironl  with  light  oranp'  rcliiiilatione;  rays  of  doraal  and  anal  l^ht  yellow. 

IjlbrUf  IBirlilO  Fiimkil,  lH-«'rip(.  .Intnl.,  M.  177,-..  Itr.i  Ufa. 

ITirm:  iiuMlH- limiy  &.r,».lmar<i.  Voy.  Av  rCmllli.'.  itiol..  ^71.  |>1.  M.  flic.  i.  Iiri^  iMaiii.  Hawaii). 
.  7. 'i--..  l-c;  L  ll.in.iliili] 
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131.  Thalaaaoma  purpureum  (FoTvkiUl. 


Color  in  life  I  Held  .\'< 
wani  and  Udow;  twi.  n.i 
fhadint;  III  u  bright  iireen 


10.5  I 


rhen  1. 


leml  <-ol..i 


light 


imn).  IB' 
iif  iiuailrangular  bliji'k:>  of 
i-enter;  4  ureen  cnnipliarH  conmi-tinit  Iblh' 
nHllln^ilirightbhii',  the)H>rti>itii'of  tlieflt^' 


reil,  fhadiiig  into  orange  for- 
ide,  each  hliK'k  a  bright  blue 
of  dorval  (ill  with  upper  row; 
iidy  golden;  i>ectorml 


ndigo  bine  with  the  jirnxiinal  region  bright  yellow:  <-andal  with  allenintinglongitndinal  bands  of  blue 
mil  giilileii;  no  dii^tincl  iiiarkinin  on  lieud:  irin  bright  green  wit^ 
Two  H[>i.'cinieii!i  of  thii'  very  brightly  i-nlnreil  H^ih.  ^  and  10. 
lie.    Tliig  in  the  lin't  niiinl  from  the  Hawaiian  Inlands. 


inner  margin  orange. 

incliei^  in  length,  weiv  ohtained  by 


Kimihir. 


X'riill- 


",  177-'>,  Kfil  .1™, 


7h»'  •iim-lrif.ilor  Hlvi'ki-r.  .Mlus.  i.  US.  i< 


I  K]M'i'liiicii  slinirii  ill  ng.  S). 


132.  TholasBomaquadricolor  (1>0HM>n). 

< General  colur  iliel'i  No.  i:is,  ii.i'.'i  inrheH  lonuK  briudit  green:  irregular,  dark  n-<l,  longitudinal  band 
iiluiig  n|i|>i'r  |iart  'i(  Imdy;  vertinil  lineH  pnijii-ling  fmni  tliin  at  riglit  angles:  a  bright  reil  titripe  from 
jnft  almve  njn-n-nlar  flap  I"  !>»«■  of  miidal.  with  veriii-.d  braTiches  at  eai-h  Mcale;  another  brighl  rwl 
liaiid  fniiii  near  a.xil  to  luM' of  caudal;  a  complex  llgitre  made  by  nil  IhiiiiIh  on  the  faiv;  a  bright  grven 
liaiid  ai-rii'«i  lower  (larl  rif  fiiniit:  iip[iiT  lip  green,  lower  blue;  ehin  and  throal  blue;  cheek  bright 
yellow:  a  doiibli.  bright  nil  Inind,  wiiiiewhal  n-ticiilaleil,  fniiii  eye  »l)tii|uely  downward  to  niaigio  of 
i>pi>n'le:  dorviil  tin,  with  liiniiiludiTiul  liaiiil!i  of  nil  and  gn-eii,  margin  blue,  dark  blue  xtHit  on  anterior 
l-irtiiin;  anal  lln  willi  a  iMiiKitiiilinal  band  next  1»dy  of  nil,  next  lo  thi.-  a  Imiid  of  bliie-green 
bliili-hii',  outer  i'iIki-  of  Imiid  nitli  c-nlnr  M-allui'i"!.  iie.\l  lianrl  ml,  Mallotnil:  the  miter  hand  blue; 
caiidul  rays  nil,  iiieinhnineH  blue,  up|>erand  lower  iiiiirgiiiii  gri'en.  jimileriiir  margin  gn-enitili-)'ellow; 
|Mi'liinil,  liiiw  nil.  then  line  of  blue,  then  ynrnish,  n'maindcr  Iraiiiijian'iil  exitijit  diipky  blnt^-h  on 
tip:  ventrals  gni'n.  Aimtlu'r  spei'iiiien  (Held  No.  Jtio,  1 1  inclien  long)  rvei>gni»il  ai:  diffen'nt  liy  fiiph- 
eriiten,  liax  i^rijiei'  and  liandii  hriglil  ml,  and  e|>aciti  httween  on  txith  bo<ly  and  heail  grut'n  above, 
lihie  Im-1'iw:  the  itiarkiiigH  on  the  tins  ml  and  tin-en. 

I  iibtaindl  the  twn  s|ieiinien!'  jurt  iliin'ril)iil;  in  additiim.  nne,  1 1  iiu-hef  in  length,  wan  taken  by 
Ihe  .inxilnw  ill  lim,  and  one,  H.7o  ituliei'.  by  Jonlan  &  Snyder. 
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133.  Thalassoma  umbrostigrma  ( Ru p()ell ) .     ' '  Ohili. ' ' 

Color  in  life  (field  No.  118,  4.5  inches"  in  len^h),  general  (rolor  brown;  Hide  of  Ixxiy  with  2  lonjji- 
tudinaLrows  of  light-green  oblong  patches,  of  which  the  vertical  length  of  each  is  greater,  >)readth  of 
each  less  than  diameter  of  eye;  2  bright  blue  stripes  from  upi>er  margin  of  eye,  the  anterior  meeting 
its  fellow  from  other  eye,  the  i:K)sterior  not  quite  meeting  its  fellow;  chin  >)lne;  blue  siK)t  on  openOe; 
blue  8trii)e  arr»und  snout;  belly  blue:  dorsal  brown,  with  gn*enish->>lue  longitudinal  striin*:  anal 
similar  4o  tlorsal:  caudal  with  alternating  strii)eH  of  brown  and  green. 

Another  example  (field  No.  lo4,  7.25  inches*  in  length),  colors  of  ImkIv  bright  gnn-n  and  r«*<l,  the 
red  on  head  broken  up  into  spots  in.stead  of  in  bands:  blue  sjK)t  on  anterior  dorsal. 

Another  example  (field  No.  155,  7  inches  long)  shows  an  arrangement  of  color  much  like  that  of 
No.  154,  with  the  exception  that  it  has  bright  blue  where  the  other  is  gret*n,  and  has  no  <k)ts  and 
bands  on  the  head.  The  difference  in  color  from  No.  154  is  so  great  that  the  native  fishermen  call 
this  form  by  a  different  name.  Sjiecimens  Nos.  158  and  157  form,  however,  a  gradation  in  color  pattern 
interme<liate  Wtween  Nos.  154  and  155. 

Quite  al)un<lant  at  Honolulu.     Kleven  examples,  5.5  t<>  11.5  inches  in  length,  were  taken. 

JuU8  uinbrt/etifjma  Riippell,  Neue  Wirbe.,  Fische,  ii.  Taf.  3,  fig.  2.  JSJ5.  MohilH  Hiui  Djotta. 

Julis  umbniftii/ma  Bleekor,  Atlas,  i,  92.  Taf.  34.  fig.  2. 1S62:  .^^toindMchncr.  iK-nks.  .Vk.  Wis>.  Wieii,  lxx.  IWK).  .VW  (HoihIuIu). 

134.  Thalassoma  duperrey  (Quoy  <&  Gaimanl ).     ^'"lHualea  ImuU,^' 

Thirty  specimens  of  this  fish,  the  longest  7  inches,  were  taken  by  me;  3  by  Dr.  Wood,  3  by  the 
Albalroat*  in  1896,  and  4  by  Jordan  &  Snyder.  An  examination  of  Quoy  <fe  Gaimard's  description  and 
figure,  l>ased  on  a  specimen  from  the  Hawaiian  Islands,  leaves  no  doubt  of  the  identity  of  my  s[)ecimen8 
with  this  species.  Many  young  of  this  si)ecies  were  taken  in  the  coral  nx'ks  which  show  no  eWdence 
of  the  color  markings  of  the  adult,  but  series  of  sufficient  completeness  shows  the  gradual  development 
of  the  adult  color  j>attern.     The  following  is  a  desc'ription  of  an  example  2.75  inches  in  length. 

Head  3.4  in  length;  depth  3.5;  eye  4.75  in  head;  snout  3.5;  interorl)ital  aV)out  equal  eye;  I),  viii, 
12;  A.  II,  11;  scales  3-28-8,  20  jM)re8  l)efore  the  l)end.  Body  short,  mo<lerately  compresseil;  dorsal 
and  ventral  outlines  evenly  convex:  head  small,  longer  than  deep:  snout  mo<lerate,  j)r)inted;  mouth 
small,  horizontal,  entirely  below  axis  of  Innly;  lips  broad,  the  up|»er  <»verhanging  the  lower  in  the 
cloeed  mouth;  prei^rbital  narrow  and  obli<|ue:  eyesmall,  lower  e<lge  touching  axis  of  iKxly;  interorbital 
moderately  broa<l,  little  convex;  cau<lal  jnHlunrle  nmch  comj>rt*ssed,  its  least  <lepth  2  in  head;  dorsal 
spines  low,  the  la<t  the  longest,  3  in  head;  .s>ft  d<»rsal  s<jmewhat  higher,  about  2  in  head;  anal  similar 
to  soft  dorsal,  slightly  higher;  raudal  truncate  or  very  slightly  roundnl;  ventrals  short,  reaching 
half-way  to  origin  of  anal;  |K*ctoral  broad,  reaching  slightly  pa.<t  tij>s  of  ventrals,  its  length  ab^mt  1.3 
in  head;  scutes  large,  firm,  with  thin,  flexible  tnlges:  seales  on  najn' and  breast  but  little  reihu-e<l; 
head  naked,  except  a  jiatch  of  ♦>  or  7  s<*ales  on  upper  angle  of  oj)en'le;  head  with  numerous 
conspi<!Uous  jKjres  an<l  tulies,  a  si*ries  radiating  fr«»m  orbit  on  its  un<lerside,  and  3  conspicuous  ones  on 
opercle;  lateral  line  complete,  l)eginning  at  upper  end  of  gill-oj>ening  {>aralk*1  with  the  dorsal  outline 
to  beneath  fourth  dorsal  rav  from  la«t,  w  here  it  curves  downwanl  2  rows  and  continues  to  Iwise  of 
caudal;  pores  on  upj^er  jKjrtion  mostly  3-branclRMl,  lower  iK)rtion  mainly  single. 

Color  in  alcohol,  dark  olive  brown  on  head,  Iwick,  and  sides,  paler  l)elow;  spinous  dorsal  jmle 
dusky  with  black  on  membranes  Ix'tween  first  and  fourth  spines;  edge  of  don*al  pale  with  a  narrow 
marginal  dark  line;  anal  dusky;  caudal  dusky;  ventral  j>aler;  i)ei!toral  i»ale,  somewhat  du-^ky;  the 
upper  rays  with  a  long  dark  blotch,  less  distinct  than  in  ujost  sjHH'ies,  i>li6olete  in  some  sjHH'imens; 
axil  with  a  du.«ky  spot.  In  some  siK»<'imens  the  iKunnlary  l)i'twtvn  the  dark  of  upper  parts  and  the 
pale  of  Ixjlly  is  more  marked. 

This  is  i^erhaps  the  most  abundant  labroid  at  Honolulu. 

Jnli*  dnpfrrri/  t^uoy  Si.  Gaimard,  Voy.  de  ITranif.  Zool.,  268,  pi.  .V>.  fig.  2,  1>*24.  sandwich  Islands. 

ThalcMonia pifrrhtn'inctnm  Jenkins.  Bull.  V.  S.  Fish  Comm.  for  1K99  (August :«).  19(K)i.  -M.  fig.  7,  Hf»n(»lulu.     iTyiH'.  No.  »U38, 
L.  S.  Jr.  Univ.  Mu».:  coll.  O.  P.  Jenkins.) 

135.  ThalaBBOma  obscunim  ((Tiinther). 

Color  in  life,  dark  brown,  with  a  purple  tinge,  ea<'h  wale  with  dark-blue  vertical  bar,  otherwise 
plain.     Abumlant  at  Honolulu.     Nineteen  specimens,  4.4  to  !».75  inches  in  length,  wert*  obtaine<l. 

Julia  ohBCura  Giinlhcr.  kc|»ort  ijhore  Fishes,  Challenger  Zool..  F*art  vi,  61,  i»l.  26,  figs.  A  and  B,  1880,  Honolulu. 
JulUverticalis  Smith  &.  Swain.  Proc.  U.  S.  Nat.  Mus.  1882  (July  8),  135,  Johnston  Island. 
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136.  OomphosuB  t 


8  I^<V^|h\Io. 


Cnliir  iji  lifi-  itiplil  N'l.  :.'U],  fnuii  eye  Intend  of  )inKlii(¥il  wmiit  <.l«rk  urHDtwi  cheek  and  uiulerekle 
nf  lii-H<l  nmr:  lM>liiii<l  Die  cyi-  :■  n.WH  iif  dark  hmwii  »i«Ai>i  Rrixiiiilwurk  ii(  Ixxly  Arab,  >«]ly  light  rcifl.v; 
IwM-  <>f  cuch  w-hIi'  wilh  u  durk  lirowii  mihiI,  hiiiiII  antmnrly,  Krudimlly  iiurn'ajiiiiifi  in  pize  iMwteriorly, 
whtTU  they  lit'i^iiiiiciiuiu^dark:  cluivul  fiiidiirk  brunii  wiIha\iTy  tiRmiw  white  t^lKt-;  anal  dark  liruwnt 
with  a  white  ed^e,  aiirl  with  u  row  nf  iinldeii  npotit  aimi);  nii<l<ll«:  of  tin.  ime  oil  eoi-li  iiieiiibrane  between 
tlui  Tuyit;  caiiilHl  darl:  lirowii,  h  ilii  ]Kwteriiir  inanriii  yelliiw,  then  wliile;  ii-i'liiral  nearly  tranefiarent, 
with  HhadiM  of  yellowii<lj  ami  nisy. 

Fairly  cutiiiiiDii  at  lloiioluhi.     Kit.'lit  exatii|ik-K.  •(.<'>  loRL'ini'Iie^  in  K-nf^li,  wtre  olitained  by  nit.-  in 
ISMt;  Hiid  two,  ■=)  and  .*>.!'  iiiehex.  were  taken  by  Jonlari  &  Snyder  at  the  rame  plaee.  in  IHOO. 
U-«fiyhuiuu  iim'uK  ljiK'[»''<lr-.  HM.  Nut.  IMtx-..  in.  101.  ]>l.  .'..  ilit.  ■•,  |ipl:  -iK'nxUu'lniur.  Lk-nks.  Ak.  WW.  Wk-ii.  i.xx.  IWM), 

W>  iHimoliil'ii:  Ki>uli-r.  ITix'.  .Vi.  Nut.  Stl.  HiMh.  iwu,  .-ilD  rXvndwivli  InUndii. 
il,.mphmHi  I't-hinili"  IJlioy  fi  Uiiiiimnl.  VuyiiKi-  •!<-'  ITnilik'.  Zixl..  'J^  Ii^Jt.  ■'•li-  I'lle  M»wi." 


137.   Oomphoaus  tricolor  Ijimy  iV  Uahnanl.     "  llinnli'i." 
ill  life  ili<'1d  No.  !i.^   II)  inehe."  Ii>n|:i.  a  very  hri»:lit  diirk   blue  over  whole  of  luKly;   llie 


|H>rtions  iif  the  d'lnvi,  eandal  ami  itnal  lins  prnjti'tiiiK  heyniiil  tile  waki',  a  liriv'ht  lit;hl  hltiei  a  <lark 
violet  Iwr  uii  anterior  part  of  eac-li  w-ale;  i>iH>toiiil  fin  with  l-aw-  and  axil  greirn,  midille  {lortioii  blue, 
[Hisleri'jr  Ihir!  Iilack;  jireen  of  axil  extend ing,'  ni>wiinl  on  Iwily;  ventral  linH  blue. 

Another  exaniple  ilield  No.  -^i'l,  U).2  ineiieii  Inni:)  apfieareil  with  liiKiy  a  very  dark  green,  with 

other  inarkiniix  the  Kanie  an  in  No.  tk'i. 

Ooniiiiim  in  the  llonoliilii  market,  whe^t^  iti- e<>iiM[>ii-iiouii  color  and  odd  fomi  attract  altvuti.in. 
Tell  i.i«M.-inic(iH.  ii.7.^  to  ID.i;  inehii-  in  Mi^th.  were  tiikfii  by  me:  thnt'.  tl..i,  T.l'.i  and  H."  iiieluv,  hy 
Ibe  -l/foi/nw.  ill  IMHii;  un<l  four,  (i.ii,  li.s.  7  and  H.-J  inehi-n  Ioiik.  by  Jonlan  A  Snyder. 

•  i.>m}.l,.~U'  (rli.V..r  IJiir.f  A  rihliimnl.  Vi.y.  <\.-  Irraiili'.  Zinl..  ISH.  |il.  .'15.  Il«.  2.  l«;4.  -iW  V\W  Mi.«l-;  Sli-l["lii«hn.-r.  IM'tiIiil 
Ak.  Wi».  Wl.'ii,  1.1  V.  I'.XN),  .'.ni.ll.iii.iliiiii.;  h'.iu'ltr.  fnv.  A<'.  S;it.  Si'l.  I'lilUi.  I'JiNi.  .'iKii-SuKlwichl-lniKlxi. 


IJesTiption  in  [ia|H'r  ri'fernil  ti 


138.  Peeudocheilinus  octoteania  .li'ukinH. 
iclu-f  in  Icniilh.  \^  in  Dr.  WrHHiV  i-nlleclion,  and  uu^  taken  by  Jonlan  ft.  Siiycli-r 


1.  V. : 


y\'h  I 


1.  nr,  w.-kI, 

139.  Cheilinus  zonurua  Jenkine. 

I.  ami  li.-l  incbo..  in  leiiiflb.  wer.-  obtained  1 


rme,  ll).i">  iiulnT, 
iTjiKT,  .S...fiiai,  L.  8, 


140.  Cbeilinus  bimaculatus  Cnvie 

itifiil  little  KiM-i'lcM  I'bi'W:'  most  •U'lii'ale  I'nlorinu 
']«'ciii',  r,  II iiiiii'ini;  it  wonid  a)>|N.-ur  that  it  v 


1   Dr.  Itlcekir's  di^rititi'in  of  (liu 
U-  !H'|ianitefl  froni  the  ifawaiiau 


141.   Hemipteronotua  umbrilatua  .b'likins. 


lonK.  hy  Jortlan 


fi-JiWin.  Hull.  I 


142.  NovBCulichthya  hemiapheerium  <(^ioy 
Two  HiKviii.ens,  :..■>  and  M.i")  liiehcH  in  Irnulli.  wvn-  taken  by  [ 
neliii«,  hy  Jorilan  &  Snyiicr. 


[i>l  iHo,  h.lh  anfi  !l,i5 


..  Alt.  Wi--.  M 


1.  I'JOUfllon 
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143.  NovaeulichthyB  woodi  Jenkins*. 

Three  ^jje^rinienH,  5.H,  H,  and  H  inches  long,  are  in  Dr.  WcmxI's  collection.  In  the  jwiper  referretl 
to  >)elow,  I  recojrnize<l  2  distinct  s«pecie?.  However,  an  examination  of  a  large  series  of  fresh  speci- 
mens seems  to  prove  that  lK)th  these  and  the  one  descrit)ed  by  Mr.  Seale  are  of  one  species. 

ymyinifiththi/it  innt^ii  Jfiikin**.  Bull.  U.  S.  Fish  (  omm.  for  ivjy  .  .VngiL«it  »».  19(««.  .V_V  fij?.  h.  Honolulu.     (.TyiK.-.  No.  6029.  L.  S. 

Jr.  Tniv.  Mus.:  coll.  O.  P.  Jt-nkiU''. 
yororti/irftfhtu'  rnlnrirjr* ni<  Jpnkin«».  Bull.  V.  >.  Fi«^h  (;<»rain.  for  l^^y  <Au»rii''l  oO.  1*.*UU'.  ^i,  f»K- *♦.  Honolulu.     (Type,  No. 

.Vjikj.  L.  s.  Jr.  rniv.  Mus.;  coll.  ^>.  1'.  Jcnkin«*.  • 
yornculichthfjif  tatiMt  Si*alc,  <X'CH.«iional  I'afH/rs.  Bish«»i»  Must-um,  vol.  i.  No,  4.  '\  Iik-  -,  IWl.  Honolulu.     iTypf.  No.  611.  Bi.shop 

Mu.souin:  c<»ll.  .V.  ^^cale.  • 

144.   Iniistius  pavoninus  (Cuvit^rtSc  N'ulenciennes  •. 

< General  color  in  life,  paledrah;  livjht  hlne  wavy  lines  downwanl  and  }ia<^-kwanl  from  eye;  ventrals 
white;  [jectoral  j»al«'  oliva<vous:  dorsal  with  wavy  Mne  reticulations;  a  longitudinal  light  hlue  >»and 
near  outer  margin  of  anal;  c-audal  with  shade  nf  oliva^vous,  j>osterior  margin  light  hlue;  hiack  spot  on 
scale  a  short  iistan<-e  l»elow  the  fourth  spine  of  .<econ<l  [Kjrtion  of  dorsal,  just  a)K)ve  the  lateral  line. 

Four  examples  of  this  sjuvies,  7.''>,  7,o,  9,  and  '.».o  incht*s  in  length,  wen?  obtaine<l  hy  me;  and 
three,  5,  o.T.'^,  an<l  n.7o  inches  in  length,  by  Jordan  ct  Snyder.  This  sjjecies  is  quite  abundant.  It 
wa>«  recognize<l  as  di.'itinct  from  /.  jmvo  by  Cuvier  Si  Valenciennes,  who  receive<l  si>ecimen8  at  different 
times  from  the  Hawaiian  Islands.  Other  authors  have  regarde<l  it  a.s  a  synonym  of  /.  yx/ro,  but  a  study 
of  a  large  numt)er  of  examples  and  these  alcoholic  specimens  seems  to  justify  retaining  /.  pdronimu^  for 
the  Hawaiian  form.  \  comparison  of  these  specimens  with  a  specimen  of  /.  mundirorpuM  Gill,  Xo.  824, 
in  the  L.  S.  Jr.  Univ.  Mus.,  frf)m  Cape  St.  Lucas,  seems  to  prove  them  identical  in  structure  an<l  color. 
This  l)eing  true,  this  sptries  l)ecomes  one  of  thr).-«e  few  shore  fishes  which  are  common  to  the  Hawaiian 
Islands  an<l  the  Pacific  coast  of  North  America. 

Xyrirhth^ti partminufi  ("uyicT  &  Valenciennes,  Hist.  Nat.  Toisv.,  \i\,  i>3.  1W.>.  Hawaiian  I.*>lancis. 

yov*inila  i  Iniiiihn')  itant  Stcindachner.  Dcnks.  .\k.  Wiss*.  Wien,  LXX,  1900.  505  i Honolulu k  n«»t  of  Cuvicr  «fc  Valeneicnner. 
iHiiiftiujf  mundirorjutJt  Gill.  Pnw.  Ac.  Nat.  .S-i.  Fhila.  I>i62,  H5,  Cai>c  St.  Luca.'«  icoll.  by  John  Xantusi;  Jordan  &  EvcrmaDn, 
Fishes  North  and  Mid.  Amer..  ii.  If.JO.  1S9S. 

145.  Iniistius  leucozonus  Jenkins. 

Two  si)e<"imens,  4.5  and  5  inches  in  length,  wer»"  taken  by  me. 

Jniu^iuii  Utwtz^mii^  Jt-nkins.  Bull.  V.  S.  Ki-h  Couini.  for  IK^J  ■Augusta'*.  lHor>  .  .>j.  Uk.  11.  Honolulu.     iTyiK-.  No.»;i37,  L.  S.  Jr. 
I'niv.  Mu*<.:  coll.  < ».  V.  Jcnkin**.  > 

146.  Iniistius  niger  <  Stvindachner ). 

Two  sinM-imens  of  this  fish  are  in  l>r.  \V«kx1V  collection.  My  <les4-ription  was  publisheil  soon  after 
Dr.  Steindachner's  pai»er  was  printe<l  and  l)efore  his  juijH^r  reache*!  me. 

yoi'QCuIa  (Iniifthnf)  ni'jra  Stcindachncr.  .Xnzeiger  fur  Dciik*.  Ak.  Wiv..  Wien.  19fw).  N«».  xvi.  17f.  i.Iunf27.  lyuu  ,  Honolulu: 

Pteindachncr.  I)  'nks.  Ak.  Wis.*!.  Wien.  lxx.  1900.  505,  pi.  4.  Honolulu. 
Iniiitiuti  r€ra/<r  Jenkins.  Bull.   V.  S.    Fi-h.  Conira.   for  1^99  (.\u>fu.»it   30.   1900 1.  v*.  \\^.    ij.    Honolulu.     .Tvjh-.  No.  5990, 

L.  S.  Jr.  I'niv.  Mus..  coll.  r)r.  Wood.) 

147.  Cymolutes  lecluse  (Quoy  Jk  <  iaimard  i. 

One  spe<*imen,  o  inches  in  length,  was  taken  by  the  ^iffpfitrtj.<s  in  1S1H>;  and  rive,  5.  5..'>,  5.5,  6,  and 

6.25  inches  in  length,  by  Jordan  <.<:  Sny<ler. 

Xffrirhfhtj^  Urfnsr  (^uov  «V  (iaiinanl.  Voy.  de  ITranie.  Zool.,  284.  i»l.  ♦v>.  tiic.  I.  Ivj4.  Hawaii. 

Xt/rirhthtjit  microti' pifhitu*  i 'uvier  &  VHlenci«'nn«'*'.  Hi««l.  Nat.  Poi.Mjs,  14,  h'l,  is;{9.  Owhyhee  •  Hawaii  ■.    i  <  oil.  Quoy  A (taimard. ) 

CymolutKf  kcitwii  Giinlher.  Cat. .  iv.  'JOT.  1«»V2  i  Hawaiian  Islands^. 

Family  X.XXVII.  SC.\RII).4:. 

148.   Calotomus  cyclurus  Jenkins,  new  species. 

Head  3.1  in  length;  depth  2.5;  eye  5.7  in  head;  snout  2.2;  interorbital  4.2;  D.  i.x,  11;  A.  i,  11; 
BcaleH  2-24->5.  Bo<lv  somewhat  elongate,  compresse<l;  <lor»al  outline  rising  in  a  gently  sloping,  nearly 
straight  line  to  origin  of  dorsal,  from  this  iK)int  <les<iending  in  a  nearly  straight  line  to  caudal  penducle; 
ventral  outline  alx)ut  evenly  <fjn vex;  head  length  a  little  greater  than  depth;  snout  long,  bluntly  conic; 
mouth  large,  horizontal,  about  in  axis  of  lx>dy;  lipe  thin,  double  for  about  two-thirds  the  side,  lower 

F.C.B.1902— 30 
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iliHililu  imiy  H  wliiirt  <lift«iHT;  IdWtr  jaw  jiii't  iiU'liiiliil:  tiilt^nirliitHl  r<1i)ilitly  i-imvvx,  ciniHiilvnibly 
liriM'Wr  tliun  I'.vf;  CAiiiliil  [hiIiiiicU-,  li'ost  hiri>!)il  u  lillln  li':'^  than  half  hiiul;  ilonul  r^jiincH  Ivxihit-, 
rol)ii-r  hi|:li.  itenrly  halt  liiiul;  t»itt  (liirHii  2  in  h\tu\;  atial  Hinilar,  hill  Uvh  hi|rh,  I'ln^tit  ray  2.'S  iii 
hcaii;  i-aiuliil  nniniU'"!,  no  ruvH  iiroiluw-"!;  vwitruls  1.5  in  hi-ail,  ruwhiii^  halfway  tu  l>aw  of  tliint 
Mift  anal  ray;  iH'cloral  lircutii,  il^  tip  n'«i'liiiiti  !•>  or  nlijihtiy  ]wi»l  vi-rtiral  thnnijfli  tiji  of  veiilnil,  ita 
Icntfth  1.4  ill  hca<l  (in  Ilii!  tyi*'  tlicrc  an-  I:.'  niyH  r<ii  rltcht  hMc  ami  D  im  left,  which  )>>  doulitlcw 
ilefonniili;  ilistal  IhiMit  ccnivt-x  (on  li-fl  nidi'i;  i>rii;inH  <i[  ilxmil.  int'tciral,  aii<l  vciilml  alHUit  in  fAUii- 
vi-rtii-al;  I'cukv  Uutn'.  tinii,  l)ii»-i-  on  1>n-a.--t  nut  niliiiiil;  thciHc  ut  liai<i'  uf  liunuil  inirilh'  foniiiiiK 
hhcath;  iKi  nhculh  at  Imm'  ui  anal:  larKi-  wiilt'^  im  ii|i{H-r  ami  iHir>t«-rior  jHirtiun  uf  iiiien-lc;  1  niw  of 
alHitit  7  Hi-aU-H  Ih-Iow  anil  lM-hiii<l  i^yi-;  n-niainilcr uf  hi'HiI  nakiil;  kicml  lint-  i.'«iii|ilt-t<<,  portion  to  Ix-ii'l 
[Mrelli'l  to  iIiii^-hI  unllitii',  Htraiizlit  iHirtimi  lufcinnintf  Ix'low  luunr  of  fourth  from  luvt  »ift  ilurml  nty;  'J 
or  ;l  t<ii]H>rnniiivrHry  k'uU'<i  with  lulu-;'  I'xtt-niiitit;  from  iippor  |Kirtion  nn  rott  jufl  uIhivi-  utraiKht  iwrtioii; 
tnU-s  nimJi  bram-hHl.  tli<'  hraiiihinn  civiTiiiK  wi-ll  thi*  cxih-m-.I  i«.rtion  <>[  Ihi-  mail-;  Iw-th  in  antt^rior 
)Hirtiiiii  of  juw  lli^<Tin■<t,  )Kiiiitt-<l.  iniliriiiit<-<l,  in  >ii-vi-ral  H-rit-H;  2  iwHtfriur  caniiK-ii;  kli-ral  t(-cth  in 
ti)>lH-r  juw  Hiniill,  ■li.-'linrt,  in  a  Mnuli-  K-rii-H:  lati-rui  t<>i<th  in  liiwrr  jaw  larvi-,  in  a  ninirlt-  Herin>i  2  ii>ni<-al 
t(-«<lh  within  ouIit  tin-lh  at  Hym)>liy><ii>  of  n|>|HT  jaw,  ulhiT  cniull  t<-<'th  wilhiii  ontor  oni-H  at  t>iilc«  of 
uppi-r  jaw. 


nmrkiiid  wliown 


lltioll^nf   llolsol    liKl)U-r    ,.11 

li  .-H'lili'  rihuwH  ]Nik-r  tlian  the  )i«m>: 
l«iriion,  niir  •larki-rmftT^ii 
iinilal  much  [Miicr  than  ho  Ij 
iliiilij;;  ]>tit-iral  [>ali>  willioul 
,  f  Mvpt  thiit  top  lit  Ill-ad  anil 


ii^laixl  of  WniuH 
ir.-.     My  si-c-in; 


i;.  S.  S.  31.,  Uunululu;  i^U.  AlUilmtf,  18'J6.) 


I  ti-nt.'rh  lo  li|i  of  I'ltmlul,  •>litaiii<-*l  at 

o  tiill;,.Ml.,„  ,i«,;,.Vi.nji  («W(r»w 
at.  I'oiiv.,  vol.  14),  a  Kniull  K|Hrii'i',  lti>t  tlo'crihed  very 
A  tlsh  from  this  islan.l  Iiiik  N-i-n  iih-ntiKnl  hy  Rltwkor  sa 
u-  ■hfiipialf!-  Hs  C  Pi,i,ii'liUA,  unit  c.f  which  lie  pVfH  a  full 
liftt-r?  frorri  Ulii-kcr':'  [kTcri]>lii>n  in  tin-  •lunwl  oiUliiic,  in 
■I-,  anil  [•■iij.i-r  ^'Minil,  in  iiiticli  Iiuiipt  vcntnij,  in  nut  lutviuft 
III  in  having'  !>'•'  Iihn- of  the  una  I  ilark.  Dr.  Ellit-ker  hiul 
,;m  1,1  a  liniituU  raiiKu  in  dial  ri  but  ion.     {Tyiw,  Ku.  50»49, 
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149.  Calotomue  irradiana  Jfiibiiis. 

Oii<'^I*-.'iiri<-ii  itii'M  No.  :U)H.  17  IrirliK' In  lentrth.  •■(  llii!^  InitiilLfiil  ri>^li  wan  <>l>UiniHl  l,y  mi-;  ami 
one  I  tiel'l  No,  iLlw,  17  iii.'iies  in  leuttli  <  l>y  tlie  .IW-i/r-™  in  IM»ti.     Tliii"  s[ii.-.-ie8  .iiieM  n<il  a|.i*ar  l<.  fit- 
I'limmnii.  bill  is  liialily  |>ri/i-l  liy  tin-  iinliw  liiiheriiieit  ("r  virtuo  uliii-h  ii  i.-  i"!!]!!!.)?*.-.!  lu  jhimww. 
•  ■■<l-J:M-i' i'"i'l<'H"  .U-iikiu:  Kiill.  r. -.  H-Ii'>.|iimj..f  ]«•.'.■    AiiK.i-i  ui.  I'jii.  .ro..  Jii!.  l.'i.  ll.m<>litlii.      Tyi*.  N.,.  IJlrj,  L.  ^, 

150.  Calotomus  sandvicensiE  CnviiT  A  Vlll■'lll-it^lltll-^. 

(iHii-nlii'tiin-l  [iiarkirii~.  Tlii- i- i.  ■Iiill-i.il'.n-l li-h  [I'^l  n-<-<tt!»h<^i  liy  nalivi' tii-liifriiit;n ufilifff mil  from 
at  It^wt  1'  .ir  :;  ntliiT  i|i-iii»t  s^iH-iiiT*.  OlvIit  A  Viili'ii.'ifntn.-h'!'  diwriirti'in  of  ''.  »(H'/riVniJ'i-,  haMiil 
iin  a  .»|i<-.iiiii-N   fmm   ll»-   SaNilwiili    l-hiini-  in   ifiniy  A  <  iairnHnl'.-  r'.llwtinti,  if  very  mpa^r,  ami 

Wry  .-.Hiim.,!!  al  lloii..lulii.     Tliine.-ii  -j--.  i.r..-ns.  r-.  i.,  l;i  i,„|,es  in  l.-niflli,  wen-  obtaim-i  by  ni.-. 


151.  CalotomuB  SDyderi  Ji'iikitis.  ii<-»  s|»'i'ii-s. 

ik-a.)  ::.J  in  krifli.;  -i.-plli  -.■,';;  .-y.-  -VH  in  li.-a.l;  ^nnnt  ±x:  i.n-..rl.ital  4.7;  ini.-r..rl.itai  4:  D.  i.\,  10: 
.\.  III.  I":  r.  l2:Hal.>f  L'-lI^i-K.  l!.-!y  shi.H.  .It-'].,  ami  iiiii.li  .umiiir^axl;  .lorsal  i.iitlim' ralherrtraiirlit 
ff'iin  li|)  '.f  MionI  ("  tiaiM'.  fri>ni  wliicli  ]"iiiit  it  is  pi'nlly  iiinv.'\  t-.  iirijtiii  "f  ili>rsal,  llicni-c  in  a  limit. 
Ii.w  inrvi-  t'.  loL-*-  ijf  i-aii'lal  iK-liini-lc;  vi-ntnl  ■mtliw  rutlicr  evenly  ii.nvrx:  hca-l  fhort,  a-  deep  a^ 

U.UK-.  s'l'itit  Mnnily  i-..ni.-.  lont-r  jaw  sliiflilly  inc'ln'l.-l:  itli  small,  in  axi^  «f  lH.<ly:  leelh  in  frvint  of 

eai-h  jaw  fm-, .onvcx.  inii?"ir-lil:i-.  in  L'^r^i  pihs;  n[i[>er  jaw h I(Ii  J  nir-leralelvstmnn.  m-urvftl  I'anine^, 
insiik-  an^  p.«terior  L.  »lii.h  is  «  r.,«  .,f  ,-li  w^-l  small.-r  t.-rlli;  side  :f  lower  jaw  with  overlappint! 
eerii-s  r.f  r-mnri-l  inds.ir-lik.-  (.-.-tli;  i.r>-.rljiial  ol.li.in.-.  ni.«ltral.-ly  .ler).:  eye  fmall,  high  up;  inler- 
orliital  liriiail.  low.  mnvex:  i-amlal  [ifluncle  'J  in  lii'ail:  Hulef  lariP'.  lliin,  adiien'nl,  tlie  fn-e  eilKei" 
inonibranons;  4  si-ales  on  ni.-'lian  line  in  froni  of  .lorxil;  eliei-k  uitli  n  single  row  of  1  n'al»<;  open-le 
witli  :;  niws  -if  laiv<-  w!ili->.  '-i  f-.-akf  on  lower  limln  lateral  line  eoni|.leie.  clii-nrviil  nn-ler  Iwpe  ni  laft 
(lorval  ray,  wlieri'  llieri'  I."  nsiially  one  iT  nion-  Hiji'mnmerary  liiln-s:  tnlies  of  lateral  line  numerou><ly 
snd  widely  liranelied,  the  ljraui;hes  varyini:  from  i  or  5  lo  VJ  or  more;  ilorsal  spinets  wjft  and  flexible, 
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I'  li>iii.'>'!'t  ill""!!  i'i|iitilini.'  Hiiiiil:  ^'l>/l  ilnrwil  r-miifnlmt  (-IcvaUtl,  thi-  tuiuniit  rayf  (i|iialitii[  dit^tance 
nil  li]i  111  ^iioiit  to  |iiii>il:  Eiiiiil  ^'i[lliL■)^  l<i  :'iift  •InrMt;  iitmliil  i'lmii'uhiit  liiiinte.  the  ii|i|mt  Ifilie  tlie 
im'r,  :i1i<>iit  l.s  in  lii'iul:  vi-ntnil  pli"rl.  rcui-liiiie  ImrcU'  lialfwiiy  tu  oriuin  "f  anal:  pti-tnral  brnai<,t, 
lU'hiii;;  |iiisl  li)is  uf  vi-iiinil^.  it-  li'UL'tli  l,:i  iti  lii-.i<l, 

(-nior  ill  :il.'.<h<>1.  ,lirtv  v.-ll.>uisli-l.n>»ii  ,iii  liniil  -.mA  l-..iv,  iiiiir)<l<-.l  with  li>;ht  Hii.l  .iiirkir;  »de 
..V.'  hd.-rat  liii.'  Willi  :l  K-i-i.-x  ..t  ;i1.>iit  :<  rnniiilisli  »)>![<' i^tx.i^^  us  htq-i-  ii^  )iii|.il.  un.l  iiii>ii>>T<»i^  HiiuiLk-r. 
v;.'iiliir.  l.'SMli-iiiu't  >iliil<-  K]H>I^:  m<I<-  l<i'lr>»  liiliT.i]  liiK-  uilli  iiUiiit  ID  it  I:;  Imvi-,  rtniinlt^l,  white 
111-"  mill  iiiniiiTiiiii'  .'itiiill  wliiti-  !-iHN'ky  uinl  imtniliir  iiinrkiiiint.  Ilii'sc  (fiHi'iiilly  iliMiiicI  iti  |iii't<inil 
;i<iii;  Ill-Ill]  »i1li  siiiiiliir  nliili'  i-iii-i'kf  titi'l  iiiurkiiip':  iliiivnl  liii  Imiwii,  wJtli  im^ilHr  iniW H]Kit>>; 
fiiiliRiNi-  Ix-lMifii  lir>1  a[i>l  .ii'i'iiiiil  ilnn^il  >|iiii(v  Mtick:  tu,lt  <liin<ul  willi  n  lur,n'  lir<>H'iii>)i-lilai-k  fjHit 
l>HM-nf  l:M  .'<  i.r«;  I'livi-:  iiiijil  ^irMi]ll^l'■  >M.fi  .lnrMil,  l.lnti-lii-T- tint  :«•  ilixlirii-r:  ii^t-riii' onilui-klikitrlitw 
liiiM->  i.f  Tiiys.  ill.'  Mti I  |;i>i   rHv  liirfri'r  lliati  "tlil■r^  .iiViTiti^  l«i>i-  ••(  liisl  nn'iiiliniiiv;  v«iitniU 

TI»-.iiilvs|.f.'iiii.Ti  kniiwii  is  I  In-  \\\h:  N...  .Mi<.'.ll,  V.  <.  \.  M.  <  lirM  N...  l:iil!ii,  Hi.ri  in.-liw.  U.iip. 
ili.iii.liilu  l.v  [ii.-  in  lss!<. 


SCABIDEA  Jenkins,  new  gm 


*  p-ni. 


.t  iiirlii.l.'.l:  .lorsiil  s|.i]ii's  i.iinui-nt:  u-iil-'iii'mlinin.-s  linudlv  jnincl  to 
till- i:-'ll. rims.  111.1  rniTiiiii!.' n  f.il.i:  iiil-'ial  lin.'<'..ritinn.«i=.;  1  n.«-..f  «'iili-,^  i.n  .li.i-k;  l..i-ih  «liil.-.  diciiurt 

jii«  >Miiill.  ill  :i  HiiL'l.-  HTi.-,  ..i.i.T  ..Mn'tiiiiii-   rr.i',  III.-  Ikim-s  ■■;.,1..,--.nI:  LiIitiiI  t.i-ili  in  l„»fr  jaw 

r.'Iiil.il  t".  r.,l.j..„..'>  in  ili.-  .■liariuHT  -r  lli.>  l.vtli,  hut  .liffi-rH  h'.-m  tliiit  »;riiii-  in  liiiviiin  stiff,  [.iii>,n-nt 
s|.im-s.  in  wliii-li  .-lKiiii.'tiT  it  aL'i"s  »illi  X  ,.i,-i«.„.;.     Tr-.n.  S.^t,i.hll,i,.  lll.vk.-r  it  ili«<'rH  in  Iiavini; 

|iiint!i'iit  s]iiii.'s.  ill  liiit  int.- 1  hi'  ii].|H'r  lip  il»ii1ili-  fi>r<>iily  ii  |Kirtu f  ilK  li'iiuth,  iiml  in  thi'  <lii-tiiii't  tt«th. 

rriiin  i'-illwi'l>„ii'..l,il-ii'  lili'rki'r  ii  i»  ■li--|intii>ii'lii'<l  hy  I  lie  ini'hi<lc<l  lnHvr  ju»  «nil  lln-  ilistint-t  teeth  iii 

162.   Scnridea  zonnrchn  .li'iikiii.'-.  in'w  ^]H'<'ii-s. 
Mi'a'i  :;  in  l.'iiirdi:  il.-|.ili  J.T-'i;  .■>!■  ;l.7  in  hcii-l:  srii.iH  L'.ii:  niuii.lihl.- :i.7;  inliTin  hital  -'i;  |inf>rlntal 

:>.i\:  iMv.ii;  A.M.:';  ^.viUsl'-L'l--:..  l!l  willi  (aU^  iK.f.irv  tli.-N-ii.i.     M.-ly |itTH».d.)hvil..r!«l  i.titline 

riKin'  i-.iiivi'.\  th:iii  Ihi'  vi'iilral.  hiiflii'.-^l  |i..rti<iii  ..f  .l.irsil  onllini'  a1«inl  ill  Ihinl  ^]•ilU';  h<Mil  nearly  m 
'1i'C]i  u^  liinu:  iiK-iilli  hiirixuiital.  alxiiit  ini  line  i>f  axis  ..I  Inxly:  lijw  lliin,  the  iit>}H-r  duuhk'  fur  aViout 
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.  half  il>'l.'i>t.'I1<.  Ih.-I..u.'r.l<.iil.l.>  oulv  v>TyFli.>rl  .list^iii.v:  li[»  r.m'rJiiu-  Uv-,-..!  t.vlli;  <-y<- iii.xli'Riti'. 
ilHi..tt-.-rl-.r.l.-rjiU>vi.  HNit^.tf  I-hIv;  im.-n.Hiitiil  wH...'«liiil  kwlimn  .■ye. -^Iij:litly.-..m-:iv.."iin  i»l<-..h..l); 
i-nnikt  iniliiTii'U-  I'.li  in  htiul;  i<iirv;il  ."iiiiii-s  |>i  1111.1 'lit.  iiIhulI  iijiiiiI,  tin'  lin^l  Ix-iiit.'  tilt'  :^lii>rtpr'l,  llic 
lotiKi'^t  alxiut  2.1  in  hi-uil:  t^ih  ilnrviil  ^litilitly  liitilier:  iiiiul  '^itniliir  t-.  Jor^il.  )iiit  a.  littU'  U-^  liiKli: 
caii'ial  tnincati'.  ur^'liKlitty  iMiiiniiHi:  jits'tcinil  rcafhini;  0.7  of  liistaiu-i-  in  vi-iit,  iis  K'nj.'lh  1.4  in  hcail; 
p«'t..ral  n'a.'liiii^'  slightly  Vy.m.l  li[tf  i.f  vpnlral.=.  iIk  l.'nv-tli  I.C,  in  lim-l;  -iricins  .,{  .i„rm\.  i«-<-ti>ral 
am!  vi'ntrul  iUhkiI  in  «iiii.>  vcrtii'ul  liii.-:  -■nh'^  law.  tin.i,  iK.is.-  .m  1111]*  aii.L  l.ifjmt  n.it  rciiMsi;  3 
Mnli-M  in  frimt  nf  urijiin  'if  ilorwil;  riiu'  ri.«-  1.1  :;  nr :',  sciilt-^  -in  I'liii-k:  laivi-  h-jU-^  "ii  ii|ii>i'r  |m!?teri<ip 
[xirtion  of  <>iien.'k',  I  si-,ilc  ^linwi.ii;  nil  li>Hi-r  limh:  n-.'^t  nf  Imad  niike-i;  s^ln-iitli  of  .■^'aliv  at  l>it«f  nf 
iliirnal;  none  ul  Ibuh' .if  anal;  lulcnil  line  <'iiiii(,leu*:  1Vtsi-al''>  wiili  tnl-.-*  to  tli<-lH'iiii  whii'li  fH'onrs  jiiKt 
l>el.)wlaptrayof  .loTiwl;  lln-Hilit-^  1.11  Ih,-  jKiriinn  to  tin-  U-ii.l  im- v.'ry  iiinoli  l.r.iin-lir.i:  jimf  snln-qiial. 
Ii.wer  ulinlilly  iiii-liiil.-.i;  t«-lh  wliit.',  ifi-tiiut.  ,.n  :iiitrri..r  iKTiionf  "f  l^.lli  jaivs  in  more  lliun  1  serit*, 
irrv-RiilaHy  iniliricati^l:  latcrul  tt^tli  In  n|>iBT  jaw  snuill,  in  a  -iiidi'  sfrit-^.i inter  i-xIreMiitii's  frw,  liasi'S 
o.Kil.'«'i-.i;  latiT.il  i.'.'th  in  lower  ja«  law.  in  i-innl.' s,Tii-,  ilisiimt,  rr.nv.lcl  t.i;.'i-tlierHt  li:i«-;  L'.level- 
o|>eil  i-wt.'riiir.-aMiiifH.in  one  will',  1  im  llie  ollii-r  in  tli.'  tyj--.  |ir.-s.-tit  lnU  siiiull  in  llii'  small  .'i,ty|>iv. 


Color  in  aU'olml,  kironml  ('••lur  of  I-k1v  an.l  linv.  .'MV|>t  (n-i'toml.  11  li>!lir  lirown  on  uhicli  art' 
stalb-n-.)  nunu'roiiH  'lark.T  r<'.lili:'l>-tiroun  l'^^.^s  ..(  iiuUi-tin.'t  oiitlitn-  iil-mt  Hze  .if  iinj-ili  on  Hit-  iM.ly 
the  HiHit."  froi|m>ntly  com-siioiiil  n  illi  Ilic  sonify'  iin<t  sli.iw  uitiiin  tli.'ir  anil  Miiall  li>;lit  )>.>inti':  on  tlii< 
veHii-al  fins  Hit'  fixitn  are  niorf  iHstini-t:  mi  .l.irKil  irrufnilarly,  .t  nr  4  iin  fUi-li  iiicinlir.int';  a  iiiiisiiirn- 
oiw  lilai'k  ii]Hit  on  meuiliranc  Ix'twefn  first  anil  x-conil  i'|>int>!':  on  anal  arrun)r<'<I  to  hIiow  4  Uinil)' 
ntniiiiig  olili.jiidy  f.irwanl  an.l  .lownwanl  .i.'r.>w<  rays:  •listal  half  of  i-aii<)al  durk;  v.-ntnil  •'niSM'.l  l>y 
3  inilistiiK-I  .liinky  lian.lx:  jm'toral  tnuisiKin'iil,  lian'  .liirk  lirou  n:  lu'a'i  uniform  liroun. 

TviH'.  No.  .VWSl.  r.  S.  N.  St.  (ticH  N...  -"ftitli,  .i.7.-.  ini-ln-s  l.mi.-,  i,htaiii.-.l  iil  Il.inolnin  in  !,•*«> 
{oi>il."0.  I*.  J.nkiiis). 

Cotvi^-s.  No.  7S.M).  I..  S.  Jr.  I'niv.  Mns.  1  lii'l.i  N.i.  2IW).  4.''>  im-lu's  l.in<;,  aniL  No.!;7-V),  U.  S.  F.C. 
(fiel.I  No.  ■Jl>!>71.  4  inc-lH-s  Inn^:  I'.iil.-.'t.'.i  at  >^.ni.-  tim,.  iin.l  iilaii-  l.y  n.  V.  Ji-nkin^. 

1S3.  Scaridea  baJia  Ji'nkins.  ni-w  KjM'.'ii'M. 
IIciul  X'-'-'i  in  Ifinrtli;  .lf|Jtli  1.'.4:  i-y.-  r,  in  In.*!;  snout  2.!':  [in'.irl.ilal  4;  iiilt'rorl.itai  4.:!:  soiiUv 
2-24-5;  D.  i\,  10;  A.  11,  "i;  P.  IL'.  ISo.ly  kIioH.  .Iw].,  an.l  ninii.rtfKcl:  .lor>iil  .mtlini-  n-jrularly  ami 
evenly  ari'tKil  from  tip  of  snont  to  .iiii.lal  [Hilnurlf;  H>mfU'1iHt  ptraiKlitt'r  from  tip  of  snont  to  oripn 
of  (lontal  tin,  tiiore  lirlnt!  noanjilf  at  last  nii'iitiotifil  )ioiiit;  vi'ntral  out  lino  I'vi-nly  I'onvt'x;  liisiil  tiliort 
anil  iloep;  fnoiit  phort;  month  m.Hlcratc.  almut  liorimntal,  in  lint- with  axis  of  IhhIv,  tliegaiK^rcarliiiiR 
port  vi'rlii^l  from  no4rii;  lower  ja*  ini'lmliil;  tii-tli  tnanleriorimrlion  of  i-aL-li  juw  <  11:4 i net,  iinlirii-ateil 
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in  *2  irri'jnilar  writ's;  uj»]kt  jaw  with  2  ]m interior  riinin<*H< I in-ctiMl  Uu-kwanl:  latrral  t(vt]i  of  ii])]N*r  jaw 
distiiii't,  Hinull,  and  in  a  niii^lo  Merit's;  vnch  Mv  nf  lower  jaw  with  alx»iit  '» <listiiirt,  hhiiit,  in<*is4»r-]ikt* 
tet^th  in  a  Hinnrlt*  writ's;  no  ttfth  inHiiU' nf  fn>nt  Hcries  of  upfHTJaw;  ]»nMii-|»ital  nitlwr  narn>w;  iiiton»r- 
hital  rather  narrow,  little  j'onvcx,  somewhat  eoneave  anteri<irly;  dorsal  npincs  stiff  and  juni^t'iit,  It^ii^h 
of  lon^'st  alM>ut  e(]iial  t4)  nnoiit:  H>ft  (hirsul  somewhat  elevattil,  tlie  Ioii<;est  rays  L\  1  in  hea«l:  anal  similar 
to  8«)ft.  d<»rKal,  Hlijrhtly  lower;  esindal  niunde<l,  \A\  in  heati;  wntrals  short,  their  tijiH  reaeliin^  m'arcvly 
half  way  to  ori^jin  of  anal;  ]KH-toral  short,  fre<'  ed^e  rounded,  itH  length  a  little  );n*ater  than  that  nf 
ventrals;  scales  large;  latend  line  continuous  from  up)M'r  end  of  gill-o]H'ning  to  jiosterior  end  of  (Uirsal 
tin,  where  it  enrvfs  downwanl  '2  rows  and  continut's  to  Iuih'  «if  eaudal  tin:  tuU-s  of  latend  line  niiiiier- 
ously  and  widely  Immehed,  the  hranehes  4  to  (>  or  7  in  nund.H'r:  a  few  jidditioiial  tnlK-H  at  the  lieiul  of 
lateral  line;  I  series  of  aUnit  4  strides  on  rheek  lM»tw«*en  which  and  eye  are  several  Umg  tnlies;  o|M'nde 
with  a  series  of  large  s<-aleH  on  hasid  |Nirtion:  4  scales  on  nuMiian  line  in  front  <if  dorsal  tin. 

Color  in  spirits,  «Hrty  rusty  hrown,  jwiler  U-low;  up|H»r  jwirt  of  side  alM>ve  lateral  line  witli  a  Meries 
of  alK)ut  (>  roundish  whitish  spots  larger  than  pujal;  a  similar  series  of  about  4  spots  on  tirnt  row  of 
straloH  Ih'Iow  lateral  line;  lower  jiart  of  side  with  2  or  more  sinnlar  s|H)ts:  side  of  heail  and  InmIv  wMtli 
a  few  H(^ttero4.l,  similar,  less  distinct,  whitish  s]H)ts;  dorsid  tin  indistinctly  mottleil  with  light  and 
hnfwnish;  membrane  In'tween  lirst  and  stt-onil  spines  blackish  at  center;  anal  and  caudal  rather 
uniforndy  plain  jiale  brownish,  without  distinct  markings:  ]MH'toral  ami  ventrals  lighter  hniwiiinh: 
base  of  iKS"t<»ral  <larker  brown. 

This  HiK'cies  differs  froiu  St'<iriiliii  zmnirrhti  in  greater  «U'pth  of  IhmIv.  the  much  greater  diHtaiii'i* 
iH'twtH'n  tii»H  of  ventrals  and  origin  of  anal,  the  greater  tlisti net ness  of  the  white  sjMtts  on  iNMly,  tlic  Ii'sh 
distinct  uiottling  of  the  dorsiil  lin,  an.l  the  entire  al»s<'nce  of  mottlings  on  anal  and  caudal. 

This  tlescription  is  basml  on  a  single  s|H'cimen  10  in«'hes  in  h>ngth,  type.  No.  ri(iS52,  l'.  S.  N.  M. 
( (ieid  No.  IVKST)),  obtain«M]  )iy  the  .l//»f//'fiA/<  at  lionohdu  in  ls«H). 

154.   Scarus  bennetti  Cuvier  iV  Valenciennes. 
One  s}HMtimen  ( li<*ld  No.  L'osi  >  is  in  1M-.  W^mmI's  collection.      It  is  '^.'17^  inches  in  ien^rth. 

Si-tnujtit,  nii»tti  C.\\\\vT  Si  Viili-iu'ii'iiin-^.  Ilisr.  NmI.  I'oiss..  \iv. '_'7i>.  K:'.».  Sninlw  ic-h  KIhimN. 

155.   Scarus  brunneus  .lenkins. 

This  s|N>cies  is  fairly  common  at  Honolulu.  Might  example.**,  Ti  to  !)  inches  in  length,  wen^  taken 
bv  nie;  one,  S.lT)  inches,  bv  l>r.  W«mm1:  nnd  one.  7,*J."»  iui'hes,  bv  the  Ailmtmss  in  \H\H\. 

Sionis  /.rf/n/iM/7«  .It'll kill!*.  Hull.  r.  S.  Ki^h  ('.num.  fur  lv.i.»  ,  .\ni:ii''t  :y».  I'mui..  :•■•,  liu.  |»;.  KfHioliilu.     iTyiw.  No.  lUlR*.  I^  S.  Jr. 
Tniv.  Muf.;  roM.n.  I*.  .Ii-iikiii.v) 

156.  Scarus  niiniatus  .Feiikin>. 

Two  siie<'imens  of  this  large  s|K**'ies,  "i.r*  and  17  inches  in  K'ngth,  were  taken  itymeat  Ilonoliihi; 
and  two,  r).7''»  and  17.ri  iu«-hes.  bv  the  .[Hmfrnsjt  in  ISlMi.  It  diK's  not  st'cm  to  In>  comnitMi,  but  in  liiehlv 
esteemed  by  the  natives  as  food,  a  high  price  U'ing  asked   for  it  in  the  market. 

S4Uiny  ininintUi'  .li-iikiiis.  hull.  I".  S.  Fij-Il  ('ollllll.  inr  iv.f.^  i  .iiimisl  :'a\.  I'.HMI.i.  tV2.  I'lK.  'AK  lloimlulu.     iT.vim".  No.  12114.  Us.  Jr. 
I'liiv.  Mil*..:  rnll.  (».  I'.  .!iiikiii«. ) 

157.  Scarus  ahula  .lenkins.     " I'hunln" ;  "' I'limihunmlin/* 

Thi*e<*  t'xamitles  of  this  species,  il,  7.5,  anil  S.7.')  ini'hes  in  lengtli,  were  obt^iined   by  me;  an<l    two 
4.')  ami  f*.'*)  inches,  are  in   l)r.  NN'otMl's  collection.     This  species  d<N-s  not  >eeni  to  Ih*  common  at  Hono- 
lulu.    It  is  not  distinguished  fn»m  N.  hriniinns  nor  from  N.  jMilnni  by  the  native  lishermen. 

Sriii'iis  afiiita  .h>iikiiis.  Hull.  I".  S.  Fi>li  <'iiiiim.  fi>r  l^W  (.\iikuv|  ;ui.   p.NHh.  •,!.  iil-.  ]'.»,  Hmhiliiln.     i  Tyiii'.  .N«i.  I'.H'J,  L.  .**.  Jr. 
t'niv.  Mu«..:  roll.  <>.  I',  .It'iikiiis.i 

158.  Scarus  perspicillatus  Sti'indachTier. 

(\»lor  in  life,  I'a**!!  scale  on  anterior  jiart  of  ImmIv  with  many  l>lue  dots,  on  i»osterior  |>iirt,  eat*h  m'uIc* 
with  a  vertical  i'urvnl  line  of  violet  on  its  anterior  piirt,  the  pusterinr  part  of  each  si *ale  blue;  lieail 
with  bright  blue  band  on  vi(»let  ground;  one  1  Kind  across  I'oie head  passing  down  in  front  of  eye  and 
iHMiding  around  under  it  ami  backward  a  short  distanit':  'J  short  bands  radiating  from  ]H»sterior  honlcr 
of  eye:  a  band  incluiling  a  quadrilateral  area  across  snout:  a  band  or  aii'a  on  chin;  irregular  liandH  and 
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doti»  on  lower  Hi«le  of  head  ami  throat;  opercular  flap  and  region  in  front  (if  it  green,  an<l  with  many 

green  dots;  dorsal  pink,  with  outer  margin  blue,  and  a  blue  longitudinal  liar  on  middle  portion  of 

posterior  half;  a  bright  blue  line  on  IhkIv  ashort  (li.stani'e  lieltiw  liase  of  dorsal  parallel  t4i  it;  anal  eolorcsl 

similarly  to  dorsal,  (>audal  blue;  jie<"toral  blue,  upjier  liorder  bright  blue,  lower  portion  dark  blue. 

This  largi*  soaroi«l  is  one  of  the  most  l>eautifully  rolore<l  fishes  seen  at  Honolulu.     One  siM»cimen, 

19  inches  in  length,  was  taken  by  me;  and  one,  17.5  inches,  by  the -l//*ri/iv«w  in  189t>.     It  does  not 

seem  t*i  Ik*  (H>mmon,  an<l  Virings  a  high  priiv  in  the  market. 

SmniJt  iSi'^truiti  ;**rj»/>iW/Ai/M;«  Sieindachner.  lifiiks.  Ak.  \Vi<«».  Wien.  xi.r.  Irt.  Taf.  iv.  tiir.  1.  iSTy.  Saiulwirh  I^^lauds:  Smith  A.- 
Swain. l*rnc,  r.  .<.  Nat.  Mus.  Isv^.  \M  (Johnston  Ishind'. 

159.  Scarus  paluca  Jenkins. 

One  sjiei'imen,  7  inches  in  length,  wa«  obtaine<i  by  nit*  at  Honolulu. 

ScnruM  jtoluoi  Jvukiii>.  Bull.  l'.  .^.  Ki>h  Conim.  for  l.s<iy  ^A^^pu^t  »).  19lRh.  iX».  Hk-  Iv  Honolulu.      Tyi***.  No.  r.Ul.  L.  S.  Jr. 
Tniv.  Nfu."..  rii'hl  No.  jy?.:  (h»11.  o.  P.  Jenkins.' 

160.  Scarus  ^Iberti  Jenkins. 

Five  examples  of  this  species,  from  8  to  14  inches  in  length,  were  obtaine<l  by  me;  one  by  the 
Allxitnti^  in  18%;  and  two.  10  and  11.5  inches,  by  the  AUtatro^  in  1S91.  Fairly  mnimon  at  Honolulu 
and,  like  all  s^-artiids,  highly  esteeme«l  as  foo<l  by  the  natives. 

Si^iru*  tfilbtrfi  Jenkins  Bull.  I'.  S.  Fish  Coinni.  for  1x99  ( AUfn^'^t  30,  190lh.  :*9.  t\K.  17.  Honolulu.     'Typ.'.  No.  fAUt.  L.  S.  Jr. 
Tniv.  Mus.;  coll.  o.  P.  Jenkin«i.> 

161.  Pseudoscarus  Jordan!  Jenkins. 

One  specimen  of  this  ppei'ies,  .V>  inclu^  in  length,  wa«  tibtaine*!.     This  is  the  laiyest  and  one  of 

the  njost  iK^autifully  colon^^l  of  the  st^imids  that  I  have  yt*t  seen  in  the  Hawaiian  L*<ian4ls.     It  is  not 

common,  but  is  highly  esteemisl  by  the  nativt^s  a**  fiMnl,  as  its  high  pri(V  in  the  market  show.s. 

Pumlo^mut  junlaiii  Jt>nkin.«.  Bull.  r.  ^.  Fb*h  ('t»mm.  for  ls99  «AnifU>t  :W.  1900).  (i\,  fiir.  21.  Hi»nolulu.      Type.  Xo.  1J143. 
L.  s.  Jr.  I'niv.  Mu.«.:  coll.  O.  P.  Jt'iikins. » 

Family  XX.WIH.  CH.^TODONTII).^. 

162.  Forcipiger  longirostris  (  Hroiiss4inetK 

Color  in  life  (field  No.  2i*4.  <>.4  inches  in  length i.  np|»er  part  of  .<nout,  face,  upjK'r  jiart  of  hea*i  and 
back  t«i  origin  of  dorsal,  litrht  bn>wn:  under  si<le  of  lower  jaw  ami  lower  i^uXv  of  head  and  as  far  liai'k 
a*»  origin  <jf  |KH'toraI.  light,  nearly  white;  tlnrsid  tin,  >ide  of  bo«ly,  raudal  j>e<hmcle,  liase  of  i-audal,  and 
anal  tin,  yellow,  the  <'o|or  i;ri»wing  brighter  from  aUive  downwanl  toward  anal  fin,  where  it  is  a  very 
bright  yellow;  initer  Inirder  of  iMiyterior  i>ortion  of  nift  d«»rsiil  white;  jHisterior  two-thinls  of  caudal 
white;  a  jet-black  sjwit  <»n  outer  and  |Mistt*rior  angle  of  anal  fin;  ventral^  yelhiw;  i>e<'toral  rays  dusky, 
membrani^s  transjiarent. 

Fairly  comnmn  at  Honolulu.     Four  examples,  5.2,  o.7.  •'1.75,  an<l  fi.4  in<'lK*s  in  length,  were  taken. 

Chtriinion  litn(/trit*tri*i  BnuLsMinet.  Iif«o.  Ichlh.,  1.  Xi.  pi.  7.  IT**^  iS«^k'ieiy  aiul  rsindwirh  islan«l«.'. 

fhrimo  luHoinmtrtJi.  Ciuiilher,  Cat..   II.  :>.  IHiiO  i  .VmlKiyna';  <iuniher.  Fix'he  diT  Sinls^t*.   i.  4v  IsTI  (.<^an<lwi4*h.  .*MM-it'ly, 

Pauinotu,  FritMidly,  anil  KinifMnill  island.<»'. 
ChHmoH  \  Forrii/ifftn  lonfjintMriit,  Sleinda<'hner.  lK*nk.s.  .Vk.  Wi.ss.  \Vii*n.  LXX.  19UU.  4>9  (Honolulu). 
FurcipitKr  UnorinfMrh.  Fowler.  Fnx*.  \o.  Nat.  Sim.  Phila,  19i»i.  Ml  iSandwit-h  Island* •. 

163.  Chaetodon  setifer  HkK-h. 

Life  colors,  very  com|>lex  and  conspicuous;  general  gnnmd  color  of  Ixnly  white;  on  upper  anterior 
portion  of  Ixnly  5  narn»w,  du.^'ky,  nwirly  jiaralUl  lines,  nmning  from  head  region  upwanl  antl  somewhat 
backward  on  to  the  dorsal  fin,  the  most  jiosterior  <if  these  lines  from  angle  of  ojien-le  upward  and 
haekwanl  to  margin  of  dorsal;  ninningat  right  angles  to  this  posterior  one  and  joining  it  are  6  similar 
narrow,  dusky  lines,  which  extend  <lownwanl  an<l  liackward,  curving  slightly,  emling  .Mimiewhat 
short  of  Ijase  of  anal;  in  the  angle  formeil  by  up))er  of  this  last  group  and  last  of  first  group  <if  dusky 
linec(,  the  ground  color  is  brownish-yellow,  which  liecomes  a  bright  yellow  towani  and  on  the  soft 
dorsal;  in  the  angle  of  this  area  are  2  parallel  bands  of  light  yellow,  parallel  with  the  borders  of  the 
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iin^lo  iiK'HtiniMHl;  Kiifl  «lnrsiil  1)ri«;)it  yi'llnw  wit)i  a  narniw  black  nmr^iii,  tho  |)nMliic<iI  my  yellow,  a 

larp'  oval   Itlack  spot  on  ii]»|M*r  ant«'rior  |N>rtioi):  caudal  jMNhiiich^  an<l  fin  bright  yellow,  it^  outer 

iiiaiyiii  oriiaiiicntcil  with  a  IuukI  of  4  HU<*c(*Hsi\v  colorn  from  within  (mtwanl,  li^ht  yellow,  hrown. 

oran^s  and  white;  anal  fin  1>ri>;ht  yellow,  with  a  narrow  outer  lN>nlt>r  of :{ <*olorH,  inner  bhM*k,  middle 

white,  outer  yellow;   ventral.s  white;   jM'ctonil   tranH|i:m'nt;    head  whitt*;  (H>ular  liund  wide  an   eye 

throU}>rh  eye,  broader  Ih*1(»w  and  black,  narmwer  alN>ve  and  dunky;  4  narntw  oninjre  lim^H  ai'n)HP  fon*- 

hea<l  frt»ni  one  (H-ular  Umd  to  the  other,  l\  fnun  near  inaorin  of  eye,  1  alH»ve:  aU»ve  tlu<w»  on  forelu^ad 

a  Huiall  cin*l(>  of  oranp'. 

Thr(M*  H|M'4'inienH  of  this  U-initiful  iish,  (>.'>,  7,  and  7  inches  in  len>^h,  wen>  taken  at  Iloiioluhi, 

where  it  is  fairlv  common. 

rhaitHhm  ttrti/ir  KI<m-)i,  Irlitli.,  VI.  taf.  -I'Jf'i,  fl^.  1;  (iilntticr.  Kis<-tic  dcr  SiKlsi'O.  i,  :u;.  tnf.  xxvi.  Uk.  H,  1X73  (Kaiidwlrh 
Nliuiil-):  FnwliT.  I'DK*.  \t'.  Nut.  S<-i.  rhilii.  IINM).  .'ipj  (Iluwiiiinii  lMliin«lH). 

164.  Cli8Btodon  xnulticinctuB  <  i  a  r n  't  t . 

Color  in  life,  IwHly  white,  the  white  extending  on  dorsal  and  anal  tins  as  far  as  the  bhu'k  line  mnninfs 
lengthwise  on  thes<>  tins;  each  scale  with  a  brown  p]M>t;  the  black  line  on  dorsal  and  anal  varyin(|^  in 
distance  from  outer  margins  of  fins,  but  at  alxnit  one-thini  height  of  fin  frum  nmrgin  on  Hoft  dc»r>«il 
and  anal:  a  narrow  white  line  just  outside  the  black  line;  outside  <if  thesi>  lines  the  donvd  tin  Ih  yellow 
and  the  anal  is  white;  dark  line  on  anal  fin  extending  on  the  Ix^lly  as  far  as  l»asi?  of  ventral  as  a  yellow 
line;  side  of  Ixxly  cr«»ss4*<l  ]»y  'i  cn)ssl)ands  of  light  brown  alM>ut  a»*  wide  as  eye;  an  o<*nlar  Itand  brown 
lu'low  eye,  black  aliove,  as  wide  as  pupil  fn>m  lt»wer  margin  <»f  oin-n-le  ending  aUive  eye  in  an  atnito 
angle;  just  alN»ve  this  a  bla<-k  s)M)t  in  front  of  sjiinous  dorsid;  yellow  at  iMinlers  of  up]X'r  ]K>rtion  of 
o|H>n*le  anil  preo|H'rcle;  a  dark  ring  including  brown  spots  an>und  the  luis*'  of  caudal;  a  black  rreH<*<ent 
«'Xten<ling  across  caudal  tin  at  its  middle;  ventnils  white;  {KH'toral  trans) i;inMit. 

This  is  a  very  delicately  colonel  tish.  One  (>xamplc  (field  No.  iilS,  :i.7"»  incln^s  in  length)  wan 
tiiken  in  ISS1>;  and  one,  .'•.<»  inches,  by  the  AHHitrosx  in  IS^HJ.  .Mr.  (iarn-tt  states  that  he  had  found 
only  2  exampU's.     Thew  arc  all  that  have  thus  far  been  rm'U. 

ntirUtiUm  innltinnrtiiKiiiiTTfU.  Phmv  i'n\.  .\r.  Sri.,  Ill,  Ihi;:;,  ilTi  iSMinlwirli  Nliiii<l«>i-.  Ciiiithrr.  FiM-hv  ilt-r  SinlH(i\  II.  44,  laf. 
XXXIV,  li^.  H.  !•**">  jSjiinlwifli  Isliiinls).     ((iniithcr'*<  ('oliin'«l  |»Iatc  is  fnnu  <iarri>tt's  dniwiiiK- 1 

165.  Chaetodon  omatissixnus  Solander. 

Color  in  life  (fichl  No.  J»21.  t».5  inches  in  length),  sides  <»f  Innly  white,  the  white  extending  on 
dorsal  to  a  bla<'k  line  running  lengthwise*  of  fin  near  outer  margin;  breast  an«l  lN*lly  yellow;  i\  liandn 
of  oRinge  on  siile  of  ImmIv  running  obli(|uely  luu'kward,  the  uiiiht!)  slightly  convex  towanl  dornal  ont- 
line,  the  lower  .'{  slightly  convex  towanl  ventriil  outline;  heail  yellow,  with  black  liunds,  the  niotit 
|)0.»<terior  InMiig  vertii-al  on  ojM'n'le  and  joining  the  u[»iH"r  orange  Inind;  the  next  anterior  vertical  on 
side  of  head  just  U'liinil  ey(>,  alM)ve  joining  the  black  IkiimI  (»n  dorsal  tin;  the  next  px'ular  liand)  whieh 
is  as  narrow*  as  pupil  at  eye,  broadens  alKive  and  Ih'Iow  eye;  a  bhu'k  Uind  around  month;  np|)er  lip 
yellow;  chin  black;  spinous  an<l  S4»ft  dorsal  tin  outside  the  black  line  yi'llow,  }N>st(>ri(»r  margin  of  Hofi 
dors;il  with  a  nari-ow  black  line;  biis(>  of  caudal  white,  a  black  Imnd  across  its  middle,  exterior  to  thin 
a  yellow  band,  then  a  black  cres4*ent-sha|K'd  Iiand,  |H»sterior  maiyin  white;  Uiseof  anal  white,  inner  |x>r- 
tion  tiark  bn>wn.  outer  |H)rtion  yellow,  margin  black,  spinous  )iortion  yell(»w;  ventnds  bright  yellow. 

Tw(»  examples  of  this  brilliantly  colored  tish,  i\Jt  and  7.2''»  inches  in  length,  were  obtaineil  by  nie 

in  1SS*»;  and  two,  (>  and  7  inches  in  length,  by  the  Affnitrt^n  in  1S1H>.     It  is  not  uncommon  at  H<»nohilu. 

rhiitntlini  »i7f«i/iJO'/mH^  SoIiiihUt.  ill  ruvicr  iS:  VaU'nciciiiU's.  HNt.  Nat.  Pols'*.,  vii.  '*!,  IKU:  Tahiti,  (iiiiitlicr.  (Vil..  II,  15.  KMiO 
(Sandwich  I»<hiii4l<<.  AinlM>yiia):  finiithcr.  Fischo  tier  Sinlsci'.  ii.  \\\  taf.  \xx.  tif?.  It,  1S71  i.Saiidwh'h  Inianctn) ; 
FowhT.  \*Tin\  \v.  Nal.  Sri.  Phi  hi.  1«JW.  'A'.\  iSamlwirh  Islam]  vi. 

166.  Chaetodon  xniliaris  (>uov  iV  (iaimard. 

Color  and  des<Tij>tion  in  ]uijH*r  n*lerre<l  tt»  Ih'Iow.  In  th'wribing  this  as  a  PiK^'it»s  tliptinct  from 
i\  mil'mris  ilutjy  \  (iaimard,  I  was  led  into  error  by  the  description  and  figure  given  by  (ifinther  in 
the  Kische  der  Si'idse*',  and  by  lU^'kcr  in  the  Atlas.  An  examination  <»!  the  original  description  of 
<'.  milidriniluny  iSi  (iaimard,  which  was  liasi^l  on  a  s|Kr<'imen  from  the  Hawaiian  Islands,  hIiowh  that 
my  exami>lesan*  that  sjK'cies,  and  that  the  siKvies  referred  to  and  figured  by  (iiinther  in  Fiw'lie  der 
SiidMt^  and  by  KNn'ker  is  not  the  siiiiie.  In  (iiinther's  figun'  and  description  and  in  that  of  lUeeker  a 
blue  s|Mit  is  iU4sigiKMl  to  each  scale  on  the  sides  of  the  iNwly  as  far  as  the  U'lly.     In  Cjuoy  i^  (iainiard'a 
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tignre  an«l  in  eat-h  of  a  laiyt*  numlter  of  in^sh  ami  pn'^servt^l  exain|»loH  the  siN>ts  art*  on  tlu*  upiJ«*r  parts 
alone,  mostly  anterior,  an«l  are  in  vertii-sil  mwsnn  alM»nt  every  thin!  row  of  K»:i!es;  in  H<»nu%  interealary, 
faint  verti<*al  rows  apjK'ar  l>etwtvn  tlie  «lens4»  hlack  eonHpienons  ones,  making;  a  ehanieteristie  pattern. 
Common  at  Honolulu.  1  obtaine^l  nine  examj>les, .'{  t«»  4.S  inches  in  lenjrth,  an«l  examim^l  a  larg«» 
number  of  others. 

ittarlinlnit  uiilinri*  Quoy  6i  iiaimanl.  Voy.  «U*  ITnini^.  Z<m»1..  ."W.!.  j.l.  r.J.  \\):.  r..  \sl\   Sarxlwich  Islands.;  SU'indachiier.  lH*nks. 

Ak.   Wi*.  Wien.  Lxx.  19UU.   I'^V     H«»nolulu.  Ijiy^m  :  Foul.r.   I»r».r-.    A«'.  Nat.   S«i.   Philn.  VM%}.  TAl  .Sandwioh 

Island«»:  not  of  Giinthor  and  not  •►(  BUt-kiT. 
ffurhfltm  mnutrUiift-r  Ji^nkins,  Bull.  l'.  .'^.  Fi>h  ronuu.  for  I'^w    .huu-  •».    !«»!».  :ttM.  ti»r.   ',  Honolulu.      Tyin-.   No.  4)1>HW, 

V.  .<.  N.  M.:  o«»ll.  (►.  P.  Jinkin>. . 

167.  Chsetodon  fremblii  lit'imett. 

Life  color,  bfxly  bright  yellow  with  7  lonpitu«linal  li^ht  blue  bands  on  side  «lirecte<l  slightly  upwanl, 
some  of  these  extending  on  posterior  |H>rtion  iti  «lorsal  tin,  se<'ond  band  interrupteil:  a  bluii>h-black 
spot  in  fn)nt  of  dorsal;  a  black  area  on  cau<lal  |>e<luncle  extending  up  on  j^K»sterior  |>art  of  g<»ft  dorsal,  this 
area  with  blue  bonier  anteriorly;  dorsal  bright  yellow,  with  two  longitudinal  liands;  caudal  pe*luncle 
blaick,  l»a*«e  of  caudal  tin  white,  p<iSterior  to  this  a  yellow  cn>ssl»and.  |K)sterior  to  this  (the  margin )  white. 

Fairly  common  at  Honolulu,  when*  S  examples,  3.0  to  5.75  incht^  in  length,  were  obtaine<l. 

CTurititloH  /remblii  Bennett,  Zool.  Jour.,  iv.  42.  l^'i*  i Sandwich  Islands i;  ciiinlher.  FL«iehe  der  Siulsee.  n.  oil.  taf.  xxix.  fig.  B. 
1874  (Sandwich  Island>i:  Steindachncr.  Denks.  .\k.  Wiss.  Wicn.  lxx.  lyuu.  4^^  \^Laysan). 

168.  Chsetodon  lunula  (I.ai-eiK'ile). 

Color  in^life  (field  No.  149.  5  inches  long),  prevailing  t-olnr  yellow;  black  ocular  l>and  broader 
than  eye  extending  over  head,  including  lN>th  eyc^  an<l  nraching  <lown  on  each  si«le  as  far  aa  lower 
edge  of  preopercle;  fnint  margin  of  this  Iwmd  l>«>nlereil  by  a  whitish  line;  i mme<l lately  ]m interior  to 
ocular  lian<l,  not  extending  bo  far  down  as  it,  is  a  bn>ad  white  l»and;  sfiaiv  in  fn>nt  of  oi'ular  band  t4> 
mouth  yellow;  tipe<  of  jaws  re<l:  a  largi»  bhu-k  area  on  l>ack  including  l»ase  of  first  5  dorsal  spines;  a  bniaii 
black  band,  lower  portion  as  bn^a*!  as  length  of  caudal  tin,  extending  from  humeral  region  upwanl 
and  l)ackward  toal>out  origin  of  st^venth  and  eighth  dorsal  spines,  this  blat'k  l»and  Inmlered  anteriorly 
and  posteriorly  by  a  bright  orange  yellow  baml;  p<>sterior  an«l  Mow  this  on  the  side  and  l>elly  and 
breast,  shading  to  olivaceous  alxfve,  to  bright  yellow  below;  side  with  longitudinal  nam>w  bands  of 
orange,  made  by  rows  of  oranjre  dots,  1  on  each  scale;  l)rea.<t  with  orange  dots;  dorsal  fin  m<**tly 
>ellow,  with  a  narrow  brown  lK»nler.  a  yellow  baml  running  fmm  Unly  just  in  tmnt  of  cau<lal  ptNluncle 
upward  on  to  the  dorsal  ami  alontr  it;  a  l«»iig  bla<'k  area  on  middle  of  |M»sterior  |>ortion  of  S4>ft  dorsal; 
caudal  pe<luncle  black,  the  bla<'k  extending  on  b;ise  of  cau«lal  jMisterior  to  this,  caudal  yellow  for 
nearly  half  its  area;  jxisterior  to  this  a  dusky  cros.-^lxind,  then  yellow,  then  a  dusky  l»and  and  most  p«j^ 
teriorly  white  (the  lx»nleri;  anal  biL**eand  inner  two-thinls  yell«>w.  outsi<leof  this  a  dusky  longituilinal 
narrow  band,  then  yellow,  next*  this  the  bn>wn  l»<>nler  of  the  lln;  ventrals  bright  yellow;  i>ectoral 
transparent.     This  s|>t»cies  varies  much  in  the  degrei*s  of  develfipment  of  this  jiattem  with  age. 

Another  sj)e<'imen.  younjr,  1.25  inches  in  length,  gives  the  f«»llowing coloration:  Snout  reil;  ocular 
band  black,  next  to  this  a  bn>a<l  white  l>an«l  followe<l  bv  a  bnia*!  black  one;  IhmIv  vellow,  darker 
above,  brighter  l)t»low,  black  s|K>t  on  caudal  pe<luncle  coveriiu;  whole  of  j»e<luncle;  white  crossliand  on 
base  of  caudal  fin,  posterior  to  this  a  narn>w  black  line,  liehind  this  <lusky;  black  sjHJt  on  soft  <lorsal 
surrounded  by  bright  yellow  line  which  In^hind  lK***omes  white. 

Quite  common  in  the  market     Nine  si)ecimens,  1.3  to  (>.25  inches  in  length,  wen*  obtaine<l. 

P&macfntrw  luntUa  LiicepMe.  Hi.«t.  Nat.  Poi««..  iv.  .tOT,  MO,  513.  IXfl. 

CharUnion  lunula  Cuvior  6i  Valcncienne?-.  Hi-t.  Nat.  Toiss..  vii.  .*»9.  pi.  17.5.  l>v:il:  <;unlher.  Fix-he  dcr  Sii<l.'<t\  ii.  42.  taf. 

XXXIII,  1874  (Tahiti.  .Sandwich  Inlands.  Society  Island^*:  stiMnda4hnrr.  iK-nk*.  .\k.  Wiss.  W'wu,  i.xx.  ivni),  4H9 

(Honolulu'. 
OurtinUtn  tan-nUrruHt.  K«>wl«'r.  I*r<K\  \v.  Nat.  S<'i.  I'hila.  lyim,  .'il:{  .Sjindwich  NIands  . 

160.  Chaetodon  sphenospilus  Jenkins. 

Twelve  specimens  were  obtaine«l.  In  a  large  numl>er  of  fresh  exami)K»s  setm  by  me  sin«v  the 
description  was  publi.<he«l,  each  one  shows  the  we<lgt^sha|K*<l  <lusky  area  pmjecting  fn>m  the  s|>ot  on 
the  side;  in  some  the  p<">int  of  tlu»  we«lge-shai»e<l  an»a  extends  nearly  to  the  ventral  outline. 

OuttoditH  tpkenotpQu*  Jenkin«.  Bull.  V.  S.   Fish  roinni.  for  1h99  (June  s.  lyui),  :«»"»,  i\^.  s.  Honolulu.     (Tyf»«\  .Vo.  4y7ta, 
U.  8.  K.  31.;  coll.  O.  P.  Jenkin>. . 
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170.  ChBBtodon  trifasciatus  l^irk. 

Color  in  life  (field  No.  18;i,  5.7')  iiu^hi^H  in  length),  ^Mierul  r«»l«ir  of  .**idoH  of  l)Ofly  oranpK>»  with 
numoroiiH  longitudinal  lini«  of  durk  brown,  tlioM*  uUivo  the  middle  line  of  ImkIv  nlightly  (convex 
towanl  (lornal  lin«',  tho>*t»  l)elow  HJi^litly  convex  towanl  ventral  outline;  (wular  l)and  black,  narn^wer 
tlmn  eye,  with  narrow  brijurlit  yellow  IwinlerH,  the  Iwind  continuoUH  anmnd  the  heail  al)oveand  below; 
in  front  of  (N'ular  l)and  in  a  bright  yellow  liand,  continuous  alHtve  and  Ih'Iow;  ti]»H  of  jawfl  black; 
l>ehind  (Kuilar  l)and  w  a  bright  yellow  I>and,  adjoining  thin  a  narrow  Itlai-k  Iiand;  the  oj^ercle  and  pre- 
o|>ercle  l)ehind  this  are  yell(»w;  an  orange  })atch  on  middle  line  of  IkmU'  just  in  frr>nt  <»f  origin  of  spinous 
dorsal;  bn^ast  yellow;  anterior  ))ortion  of  HpinouH  dorsal  orange  with  light  green  l»onh>r;  Iteginning  on 
the  Ixxly  parallel  with  Iuuh'  of  soft  dorsal  fin  and  including  tlie  whole  of  the  fin  are  7  t>andH  of  color; 
first  (innermost)  yellow;  next  black,  wtMlge-shapetl,  liroadest  eml  on  caudal  {KMluncle,  narn>w  end 
on  |)OMterior  jjortion  of  spinous  d(»rHal;  thinl  l)and  bright  yellow,  fourth  yellow,  fifth  «luRky;  Hixth 
yellowish-grt»en,  on  i>osterior  jM»rti<»n  round  <lots  of  orange;  seventh  re<ldish-bn)wn  (the  outer);  c^audal 
l)a^e  (except  blat^k  of  al><»ve-mentione<l  liand)  light  with  violet  tingi*,  exterior  to  this  a  series  of  cruas- 
l»ands;  the  first  alxmt  the  midd.le,  a  narrow  orange;  next  a  broader  blatrk;  next  a  narrow  bright  yellow; 
and  the  next,  the  outennost,  a  bniailer  wliitc;  just  aI>ove  anal  on  Uxly  ])arallel  to  liase  a  yellow  liand, 
exterior  to  this  ancl  on  liase  of  tin  als4»  a  black  iMind,  then  (on  soft  |X)rtion)  next  a  narrow  oraii^, 
then  a  broa<l,  bn>wnish-re<l  luind;  last  (the  extreme  Ininler  of  soft  anal)  a  narrow  bright  yellow; 
area  covering  the  first  2  anal  spines  a  bright  ns Id ish -orange;  ventrals  bright  yellow;  liase  c»f  j^eetoral 
bright  orange,  fin  transjmrtMit. 

Tw«)  si)e<rimen8  of  this  most  Ixisautifully  markwl  sixK'ies,  o.it  and  r>.7o  inchi^  in  length,  were  taken 
■"  l)y  me  in  1S89;  and  one,  4.S  iiifbcs  lonu,  by  the  AlfpttfmM  in  IHtMtat  Honolulu,  where  it  does  not  seem 

to  1h>  connnon.     This  h^hmiis  to  1h>  thi>  first  nM'ord  of  this  s(hhmi*s  fn»m  the  Hawaiian  Islanils. 

(Vi:Hinlnn  triftiiU'inttiH  Muiii;o  I'jirk.  Trim.-.  Linii.  S<ic..  in.  :•!.  I7*»7.  slum's  (»f  SiiiiiatrM:    IjhV'Ihh1i»,  IMst.  Nat.  l*«»l!«H.,  iv,  4G2, 

494.  1N02. 
<'h:rU»Uni  rittntni*,  <;riiitlHr,  Cnt..  ii.2:(.  isiUi   liiiiitlirr.  FiH«'h«' litT  Si\<ls«'o,  ii.41.ls7l  ira^t  nirtst  of  Africa  to  iMiimotii  fcriMip). 

i   !  171.  ChsBtodon  quadrimaculatus  <iniy. 

I  Color  in  life  (lield  No.  -*t>.S),  the  up}K'r  half  of  side  of  Ixxly  dark  bniwn,  almost  black;   lower 

i  half  orangi*,  with  each  wale  with  a  brown  siH>t;  2  white  an*ason  the  upjK'r  brown  iM>rtion;  inrular  liand 

J  wide  as  eye,  <lark  ])rown  alM>ve  eye,  onuige  K^low,  Iwrnlered  on  Imth  sides  through  its  whole  length 

by  white  iMirders;  In'fore  an<I  lM*hind  ocular  lumd  on  hea<l  onmge;  tip  of  snout  brown;  l)ase  of  ilorstal 
dark  brown,  the  brown  extending alM^ut  half  its  height  on  soft<lorsal;  a  white  longitudinal  band  above 
this  on  s<»ft  dorstU,  extending  a  distance  on  to  the  spinous  dorsid;  this  liand  is  iNtrdered  alK)ve  by  a 
narrow  line  of  dark  Imiwn,  al)ove  this  the  fin  is  onmge,  with  a  very  narmw  (»uter  margin  of  dark 
brown,  outer  ]H)rtion  of  spinous  d<irsal  orange;  caudal  }HMlun(*le  orange;  dark-l>rown  cn^ssliand  at  Imae 
of  cautlal  fin,  the  iin  a  bright  orange,  with  narntw  ]M>sterior  Utrder  of  white;  inner  ])ortion  of  anal 
bright  orange,  a  curve<l  white  Iwind,  convex  outwanlly,  extending  on  it  from  !««'  of  first  spine  to  near 


|M».Mterior  outer  angle  of  soft  jH^rtion;  l>onlering  this  band  exteriorly  a  narrow  l>n)wn  Imnd;  exterior  to 
this  lH)th  spinous  aii<l  soft  ]K)rtions  aiv  bright  onmge;  ventnds  bright  orangt*;  ^HM'toral  transjiarent. 
This  is  a  very  common  form  al>out  the  nvfs  at  Honolulu.     Ninetet»n  exampU*H  were  obtaine<l,  3  lo 


')  int^hes  in  l(*ngth. 


4 

cUn'UuUm  tiu'ulrininnilnltiK  amy,  Z<m>I.  MiwHl.. :«.  l^'il-li,  Sjimtwifh  Isliiii(t.«*.  (inniluT  I'rtt.  ir.  l.l,  l>Mk).  Simdu'Ich  If(lan<1p 
(tyiK'i:  (lUntluT.  Kij^-ln'  drr  Surtwi*.  ii,  :t«.  inf.  xxx.  %.  A.  }s7\,  Suiidwicli  Isliuids:  StriiKlachiiiT.  IKmkN.  Ak. 
Wins.  WU'M,  i,xx.  VM*),  1«»  I  Honolulu.  Uiys4in.»:  Fowlrr.  Vuk'.  .\*'.  Niil.  S4-i.  IMiila.  VMV.  TAl  iSmikIwIHi  iMlamtR). 

172.  Microcanthus  strigatiia  (('uvieri^:  Valenciennes). 

Sides  with  <>  tlark  brown  l(»ngitudinal  l»an<ls,  si>act»s  U'twc^en  white  to  gniy. 

This  s}x»<'ies  ap{H*ars  (ndy  rarely  at  Honolulu.     Thnv  examples  wen*  obtained,  .S.:i,  4.1.  and  4.3 
inches  in  length. 

»  i'h:rUt4inu  Htrifttitmt  (Mivlt-r  i\:  Vnli-nfli'nnt's.  Hist.  Nat.  I*i»iw*,.  vii.  'JA.  |»I.  17».  ls:u.  JA|>»n    (ii'inthcr.  KIh<»1u«  diT  Siidnoe.  n, 

47,  1S74  (Samlwich  Nlaii<N). 
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173.  Heniochus  macrolepidotiis  <  Linii;fiL«it. 

Color  in  life  (fleld  No.  21:J,  4..">  iihlifii  in  U*njrtli),  2  hnuul,  hla<k  cnj**il»an<ls  r»n  Hhle  of  InnIv,  tlie 
flrst  inchuling  aU)ve,  tlio  first  <ioi>al  spine  to  l»as*»  of  pnMiuivil  spine  ami  Inflow  the  origin  of  ventral 
to  origin  of  anal;  second  bhu'k  ban<l  in<'ln<ling  alnive,  nioe^t  «»f  spinous  <l«>rsal  l>ehiu(l  the  pro<laee<l 
spine,  (U^st-ending  down  wan!  and  ohlitjuely  bat'kwanl,  <overintr  from  lower  side  of  caudal  |>edunele  to 
tip  of  lobe  of  (^udal:  spaee  in  fnjnt  of  tirst  blai^k  l»and»  inrluiling  ht^d.  nape.  an«l  breast,  white,  exivpt 
a  bla^'k  ban«I  on  foreht»a<l  from  one  eye  to  the  other:  sj»a<v  In^tween  the  bla<*k  bands  white  extending 
on  anal;  just  l>ehind  second  bla«k  luind  a  white  band  exl**nding  on  soft  dorsal  alnjve.  l»elow  spreailiug 
froni  V>ase  of  caudal  to  l<>wer  tip;  the  s|«a«v  on  the  soft  "lorsal  and  c:iudal  Itehind  this  white  liantl, 
yellow;  anal  spines  black;  ventrals  bhii^k;  }>ectoral  transparent. 

1  obtained  one  sfie<Minen  of  this  fish  4.5  imhes  in  length.     It  seenis  to  l>e  rare  at  Honolulu,  and 

this  seems  to  be  the  first  reconl  from  the  Hawaiian  Islands. 

Cfurtftfhnt  iiuicrtAtpvloluti  Linnariu>.  >><!.  Nat.,  ♦•d.  x.  '_*T4.  17.>.  Indies. 

HrHitfchu*  macmtrpidUu*,   ruvi**r    »t   Valftioieniio.    HiM.    Nal.    Poi'*'..    vii.   ycJ.   ISIJI:    (juiither,    Fische  der  SQd'H'e.   -Ih, 
iHf.  xxx>ni.  1S74. 

Family  XXXIX.  ZANCLH).4:. 

1 74.  Zanclus  canescens  'Lin  uh^il*'  i  .     ' '  Kih  ikih  i.  *  * 

Color  in  life  (field  No.  78 1.  front  j>art  of  ImmIv  and  p<isterior  j»ortion  of  head  include<l  in  a  broad 
black  band,  the  front  margin  of  whi<'h  is  ju.*<t  in  fnjnt  of  eye,  down  to  throat,  the  posterior  mai>nn 
from  (krigin  of  pnKluceil  rays  of  dorsal  down  a  |>oint  nearly  half  way  fn>ni  ventral  t4>  origin  of  anal;  on 
this  area  are  some  nearly  vertical  narrow  light  blue  streaks,  one  nmning  up  fn>in  origin  of  ventral,  one 
nnining  from  Ija-^e  «>f  pectoral,  a  short  one  l>ehin«l  the  eye;  fa4v  light  blue;  an  orange  area  «>n  each 
side  of  snout  surrounde<i  by  black  lionler;  chin  blai^k;  a  broad  s]<i(v  Ijehind  this  bniad  bla«*k  Itand 
extending  alx»ve  an<l  Ijelow  on  {lortions  of  the  dorsiil  and  anal  fins;  front  {lart  of  this  s^jace  is  light 
blue,  shatling  into  a  sulphur  yellow  1k*1ow.  extending  on  the  pnxluceii  dorsal  as  light  blue  and  on  the 
spinous  anal  ofi  a  light  blue;  ju.*<t  l)a<'k  of  this  s|ia<v  a  bla4*k  cn»ssliand  running  acro»«4  <]orsal  alxtve  antl 
anal  Iielow;  ju.«*t  lionlering  this  black  cnjssl»and  a  nam»w  light  blue,  this  followe<l  by  narrow  liands 
of  yellow,  next  light  bine,  then  black;  caudal  |>e<lun«le  ami  Iul^**  of  c;iu«lal  sulphur  yellow.  Umlere*! 
posteriorly  by  a  narrow  «ross-line  of  light  blue,  remainder  of  raudal  fin  bhu-k.  with  light  blue  p^isterior 
margin;  anteri«>r  and  |H»sterior  jtarts  «»!  iris  goMen,  iipju-r  and  lower  dark.  This  romplfx  i»attern  is 
gradually  develo|H*il.  c«nis<H|uently  the  youiju  show  variations.     In  th«*  a«lult  it  is  tuiite  <*onstant. 

Forty-tive  examples  <if  this  very  brilliantly  r»»lMn»<l  lish.  from  :5.2  to  li  incht^  in  length,  were 
obtaineil  bv  me,  and  2  bv  tlu'  .l/'^^/Zr^wcc  in  1S9»>  at  Honolulu,  where  it  is  verv  <-«»mmon. 

Ch^liMiim  t^iuff4>njt  LiuniiiLs  .sy«.t.  Nut..  »il.  x.  272.  17>.  Indie;  uftt  r  .\ri'-^li:  >t»iini,'. 

('h:ttininH  firniituf  Linnau«i.  Sy-t.  Nat..  «-»l.  X.  -Tii.  17>.  Ind;»-;  :iit«r  Art»-«li    adult. 

Ztinrlii.*  «i/rwu/'/j*  <'uvifr  <\:  VaUnrifinu-^.  Hi-^t.  Nat.  I'««i>.^..  \ii.  lOJ.  j»l.  177.  ls;i    «  an»lin»*.  .'Niiulwir-li  Nlands.  T4»n^Uihnn. 

Vanioilo.  (Vli-ltt--;  <i\inthfr.  <'at..  ii.  lycJ.  W/o    .VuiN»yna.  rrnun.  .snndwirh  NIhiiiI*":  Jonlaii  i\:  Kwnnann. 

Fi-'hf^  North  uiid  Mid.  Aui»r..  ii.  li>7.  1«^*»*     Iloiioliiln  .;  Stfiiitlniliii»-r.   Ih-nk'i.   .Vk.   Wi««i.  Wini.  i.xx.  4-^,  l*M*}. 

^Honulnli)  •:  Fi'WltT.  l*r<M'.  ,\r.  Nat.  Sri.  Phila.  !'.«.■».  MS  .Saiidwiih  Nlaiid*". 

Family  XL.  TElTHIDID.l:. 

175.  Teuthis  achilles  'Shawi. 

Color  in  life  (No.  29r>,  10.2  inches  in  length  i.  hea*l.  Ixuly  and  fins,  ex<*ept  the  lines  and  areas  to 
be  dt*scril>i*il  lielow,  a  verj*  dark  bn»wn  varying  to  black;  the  other  miors  vi»ry  brijrht  and  l<M»k  as  if 
put  on  with  thick  |»aint;  a  narrow,  bright  blue  liand  under  chin;  <»|H*n-ular  fiap  white;  2  nam»w  lines  of 
color  on  Inxly  at  liase  of  dorsal,  the  upi»er  orange  re<l.  lower  bright  blue;  2  similar  lines  at  Ijaseof  anal, 
the  outer  orange  reil,  inner  bright  blue;  a  large  oval  anni  of  orange  re«l  including  and  in  fnjut  of 
caudal  spine;  anterior  tw«.>-thinls  of  caudal  fin  oranjre-re<l.  foll«»wetl  by  narn>w  crr)wliand  of  black,  this 
foUowe«l  by  blue  which  sha<les  into  white  on  margin;  up{N.'rand  lower  margins  blue,  with  next  to  them, 
alcove  and  l>elow,  narrow  line  of  black;  iris  blue;  ventral  bhu-k,  blue  an*a  on  anterior  margin. 

Fifteen  examples  of  this  species,  4.2  to  10.2  inches  long,  were  obtaine<l  by  me;  and  one,  4.2  inches 

long,  by  r>r.  Wood. 

Acanthuru*  nrhiUf*  f^hAW,  Gen.  Zool..  iv.  :is3.  IMR:  Steimlar-hner.  Denk.**.  \k.  Wiss.  Wioii,  Lxx,  lyuo,  •!*«{  (Hoiioluln). 
Ttuthit  achiiU*  Fowler.  Fnxr.  Ac.  Nat.  Si-i.  Phila.  l^Rt  M::    SHmlwirh  Inland!*  . 
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176.  TeuthiB  olivnceus  I  I'.IikIi  .\:  Sc'Ilik'uIitI. 

Cr.l.ir  ill  lii,.  !li.']<l  N'n.  :!ll..  Ik-Iv  .krk  l.r..wri.  uiiirly  l.liii'k;  liiiH  l.lsu^k,  wiltl  fllcw  of  Wllc: 
hiiri/iiiitul  .inini;!'  luir  iilmiil  ;ih  wjiIm  -.l-^  I'j-.-  iiinl  Imi;;  if  liriui,  I'xtciiiliiit;  Sniiii  iiiip«>r  uiikIi'  iif  ii|i(,>n:ul»r 
(>]H^iiiii):,  iitRiiffhl  iKU'kwiinli^:  tliis  \ar  willi  a  vi'uU:  l>iinli-r  of  MiU'k;  I'liin  <liirk  li1iu>:  |HUiU>rii>r  itianiiii 
ii( (luulul  Ix'twci'ii  M)ijn-T  inii)  limvr  iinnliuiil  nivH hIilIc;  uii  umiiKi'  line  aUnxf  Ihim'  ii(  >li>rNal,  a iiiuiiltir 
iiiiv  aUmp  )uM'  i>f  uiihI.  KU-vi-ii  i'xarii|il<w.  <!..'•  Ii>  lil.lS  iiK-liiw  Umv.  «'i-n'  olitiiiitnl  liy  im-;  ami  ono,  0.5 
ini'htw  liiMi!.  1>y  Jcinlitii  i^  Stiyilcr. 


177.  leuthis  lauooparaiua.Ii'iikiris.  tii'W  wihi-ii-h. 

ilf.i.l  4  ill  l.-m;lli;  'I'-l'lli  1-7-'.:  .■y,.  ;;.jr.  in  li«i.i:  sii.,iil  l.lV.;  iin.'r..rliit«l  :!.7;  H.  i\,  2fi;  A.  iii.  24. 
ilr«lyi!ii-|),'iiriii>nw«-il,ii]>iKT  jir.ililoi'tr.iiijily  I'l'UVi'X.  iuwi-r  Hliiillim  ly  imuvi'i;:  luii-I  •Uvt'.iiiiiiprusMil, 
iti'inT  ]>r<>1iii-  Hlti'|i  l<>  iloiviil.  U.wcr  |<nilll<'  lU'iirly  ritr:iii.'hl  frmii  rliiti  1.>  n.iit  "I  voiitnilx;  juwh  lann-, 
lnu-i'rxli>;1itly  t>r»<)uml:  Miixit  l.iii):.  flitrlitty  n>ii>'>iv<- in  |>n>1ili':  tnoiitli  miliiII,  liiwi  tivlh  bniwl,  tdgt-H 
i-tviiiiliili-.  i*i>iiiiin'«iiHi.  fcirriiiiij;  ;i  Hliiirii  riitliiii;  vilp-;  ntutviti  of  iin'njifn'Ii.'  vi-rj-  <il>liiiiii\  blunt  aiiKlo 
i.r  which  H'mld  full  l).'li>»-]iii.1<ll.'<.r.-y<-;  i-yf  nitlior  kiv<',  liitfli,  in  iKMti'riur  thinl  of  h>i)gth  o[  l.ra.1; 
niisti'i]^  HNuill,  i-liiH!  livi-tliiT,  arili-rinr  wilh  snmll  Ihiii  llu]',  I'in'iihir,  iHgiteriur  a  miiall  hlit;  inhmrliilal 
H[iiiii>  1>n>uil,  t'liiivcx:  iliirKil  sjiiiiivstniti).',  ^'r.nhuUiHl  In  [loi'tiTior,  lust  1.:'  in  head;  (livt  uiial  ray  1.2.'i; 
iiiiiil  H[iitii'H  nr.uhiati"!  U>  Ihirrl,  l.uip-si  l-ii.'-:  finirlli  uiiiU  my  I.2."):  iimdal  hniiul,  I'timrKinato;  pectoral 
IHiiiikil,  L',N  in  Inirly;  vi'iitnil  >hiir|i-|iiiiiiti'il,  4  in  InhIv;  vi-iilni!  i^iiiiif  12  in  heuil;  cuudal  ]M-iliinclo iHiin- 
j.niwnl,  ilsih'pth  -J;  .-iiiiilal  si.iiic  iiimicnitfly  Iouk,  ilcjir.'JW'ililc  in  ii  ■jri'-'Vr,  4  in  !ii>ily, 

('..hn'in  lifiM.f  llirlyix-.  u  whilisli  kin<1  m.iii  ].iis.'<,f  liolJ  >l<>r>«il  sjiiiios  ibiunwHni  Iwhiliil  vyc, 
iiii'lu'liii);  ii|«.T('li-  til  iiH  lowiT  niiii'-^ii;  jiIhi  ;i  Ir.itiHVcrsi'  uhitiHh  Intnil  ill  Iiiini-  nf  i'uiiiIhI. 

L'ulur in  uIihIkiI,  iI<'c]>  hniwn.  v(>i'li>u1  liii"  iiml  vi  iilral-' 'liiikiT:  a  li|.'ht  ln'ouii  Inind  mnuiiig  fruiii 
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base  of  first  iwu  dorsal  spines,  downwanl,  l)ehind  the  eye,  over  o[>erele,  to  its  lower  margin;  a  light 
brown  transverse  band  on  caudal  i»eduncle. 

The  al)Ove  description  is  base<l  ujH^n  the  tyix*,  Nu.  o0712. 1'.  S.  N.  M.  ( field  No.  324),  and  8cotypes, 
all  obtained  bv  me  at  Honolulu. 

178.  Teuthis  umbra  Jfiikins,  new  si>eci€¥. 

Head  3.S  in  length;  <lepth  1.7;  t^ve  3.75  in  head;  snout  1.2:  intemrbital  2.*v»:  I),  ix,  27:  A.  iii,  2.'>. 
Bo<ly  deeply  ovoid,  greatest  depth  at  ixftoral  region:  head  dt'ep:  upj>er  profile  nearly  straight  frmn 
tipof  snout  to  interorV>ital  spare,  then  ronvex  to  origin  of  dorsal;  jaws  low.  lower  inferior;  ni<»nth  small; 
interorbital  width  broad,  convi'x;  nostrils  small.  roun<l.  rlose  to^retlMT,  anteri<.»r  larger,  with  small,  thin, 
fleshy  flap:  last  dorsal  spine  1.7  in  hea<l.  anterior  spines  graduated  to  jK>sterior;  fifth  dorsal  ray  1.2.i; 
thinl  anal  spine  iOngt^-t,  2  in  lu'ad;  eighth  anal  ray  1..');  cau«lal  rather  broad,  fUiarginate:  i»ectoral 
brf>ad,  a  trifle  longer  than  head;  ventrals  sharply  |M)inte<l.  a  trifle  less  than  i»e<*toral,  or  alnmt  njual  to 
head;  cau<lal  j)e<luncle  compressi'il,  2  in  head;  i^u<lal  spin**  small,  sharp,  alx»ut  5  in  hwid,  «lepressibk* 
in  a  gr<H>ve;  si-ales  small,  finely  ctenoid,  very  small  on  top  of  head,  breast,  and  Itasal  i>ortions  of  ver- 
ti«'Hl  fins;  lateral  line  irregular,  arched  at  first,  then  sloping  «lown  to  ciiudal  spine,  a  gCMxl  jKjrtion  of  it 
more  or  less  straight,  fn»m  l)elow  anterior  iKjrtion  of  spinous  dorsal  to  Wlow  middle  of  soft  dorsal. 

Color  in  alcr)hol,  more  or  less  unifonn  dark  chocolate  bn»wn,  outer  ix>rtions  of  the  fins  blackish; 
pectoral  pale  olivaceous  brown;  ventrals  blackish  on  outer  iM>rtir»n. 

The  alxne  description  is  l»ase<l  uj)on  tyi»e,  Xo.  oO>v41,  U.  S.  N.  M.  (  fieM  No.  Oo:il>;i),  7.5  inchi>s  long, 
obtaine*!  at  Honolulu  in  1901  by  Jordan  &  Evennann.     Only  small  specimens  were  se<ure<l  by  me. 

179.  Teuthis  dussumieri  iCuvicr  A  Valenciennes). 

Color  in  life  (field  No.  140,  6.2  inches  longi,  general  color  brown  with  very  many  narn>w  longi- 
tudinal wavy  lines,  olivaceous  alternating  with  light  lines:  dorsal  fin  bright;  bright  light  line  nmniug 
along  its  ba«e,  l)elow  which  is  a  briirht  golden  line;  signs  of  indistinct  longitudinal  lines  jtarallel  with 
Ixxly  on  |>osterior  i>art  of  fin;  anal  fin  similar  to  dorsal  but  darker  in  color;  ventrals  diLsky,  with 
whitLsh  markings;  jtectoral  olivaceous;  caudal  dusky  with  darker  sjKits;  a  ring  of  golden  arouml  eye. 

Seven  examples,  fi.2  to  11.75  inches  in  leiiirth,  were  taken  by  me:  five,  4.5  to  0.7  inches,  by  the 
Affffitroiv;  two,  6  an<l  H.25  inches,  bv  Jonlan  iNc  ."^nvder:  and  four.  4.43  to  6.SI3  inches,  bv  Dr.  Woo^l. 
This  is  a  common  fish  at  Honolulu. 

Acanthuruii  'liwj'untirri  ruvier  i<:  Valenti^iiiH'*'.  Hi^l.  Nat.  I'niv>..  x.  _1M.  l^^-'y.  \>l*-  <\v  KraiH*-:  «iuTilh«T.  Cal..  ill.  :i:>S.  W.l 
iMauritms.;  <;uiith»T.  Fixhr  il«  r  Mi'l-et-.  iv.  IIJ.  j'l.TJ.  1^7">  >^au«hvi«h  I^laii<l^  :  StciiHlathinT.  Deuk.v.  .\k.  WiKs. 
Wien.  LXX.  19i"l».  VXi  .  HoiimIuIu  •. 

180.  Teuthis  xanthopterus  t  (uvier  cV  Valenciennes  i. 

A  single  spe<'imen.  7.25  inches  in  lenirth,  was  obtained. 
Acanthurus  Tfinthoptfruf  Onicr^V  Valeiuienm'>.  Hist.  Nat.  l'«»i>>..  .\.  1\'\  ISv>.  ^•ychtlle*. 

181.  Teuthis  giintheri  Jenkins,  new  sinn-ies. 

Head  4  in  length;  depth  l.S;  eye  3.5  in  head:  snout  1.4;  int<Torbital  2.7;  l>.  i\,  2»);  A.  iii,  24. 
Bo<ly  di*eply  ovoid,  greatest  <lepth  at  origin  of  anal;  ln*ad  deep,  <-ompn'Sse<l,  up|M*r  profile  obli<juely 
convex  from  tip  of  snout  to  sj»inous  <lorsal;  eye  rather  large,  high,  in  la.-t  thinl  of  head;  nostrils 
small,  clr>j»e  t*»gether,  anterior  the  larger,  roun<le<l,  with  thin  fleshy  flap;  iiKHith  small,  low,  inferior; 
jaws  blunt,  slightly  pnjduce<l,  lower  inferior;  interorbital  space  broad,  elevatt^l,  convex;  margin  of 
pretjperde  forming  an  angle  l)elow  anterior  rim  of  orbit;  dorsal  spines  slender,  graduated  to  last,  which 
is  1.25  in  head;  soft  dorsal  an«l  anal  not  iM)inte<l  Ixdiintl;  eighth  d<»rsal  ray  1.2  in  head;  third  anal 
spine  longest,  l.H;  eighth  anal  ray  1.25;  caudal  long,  emarginate;  pei'toral  longer  than  head,  3.5  in 
b<xiy;  ventrals  sharp-[K)inte<l,  1.2  in  head;  ventral  spine  l.i>;  caudal  innluncle  compresstNi,  its  least 
depth  2.2;  caudal  spine  short,  1.5  in  eye;  s<"al«*s  small,  erowde<l,  ctenr>id:  very  minute  scales  on  l»asal 
portions  of  vertical  fins;  lateral  line  nearly  c<>n«-urnMit  with  dorsjd  profile  of  Imck,  straight  fnnu 
anterior  dorsal  spines  to  l>elow  mid<lle  of  s<»ft  dorsal,  then  ninninir  down  alK)ve  iMlge  of  caudal  s[iine 
to  Ijasc*  of  caudal. 

Color  in  alcohol,  dark  brown,  vertical  fiiL«  darker;   side  plain  «>r  imifonn  brown,  without  any 
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lini^i;  i»)tl  iliinHl  Hiiil  Hiiul  tcraytHli  imftiTinrly;  Imth  (Icinwlci  attil  Hiiat  witli  -1  lirnad,  iIm'{i  limwn,  lonfri- 
liiilinul  lunili';  ivuiIhI  (k-cp  bronn,  ii|>|Xircntl\'  without  npoti?,  ham  vi  lin  iiale;  pectoral  brown  on 
Insal  iKirtiun,  tiiHiyinnl  imrtiim  lirtiuilly  yt'llnwiiih-wliiti'. 

Color  ill  lifi!  (IM'!  >"■  l"3l.  tftii-ral  ii>l"r  Im.wii;  mi  ..niEijn-yclUiw  imn.l  iiloTitr  Uw  \mk  jiirt 
Ittlnw-  lli<;  l<Hi^'  of  iliimiil,  jiL-t  aUivu  pilili'u  Imii'l  ii  )>liit>  lint';  4  ).n>l<li'ii  loiitciliiilJnHl  IkiikIh  on  i)on«l 
fill,  willi  nil  iiiK-n-aliiry  ImiikI  wliii-h  in  Hiitu-  cxniiiiiU'M  nmlci'^  '>  btiiid:^:  aiiul  witli  4  Nuikr  odim; 
jitftoral  yi'llon  ;  yi'llnw  an-a  tliniiitfli  <-yv:  yfllow  lin«  ..ver  ciioiit. 

TliiH<l>-MTi|>tioii  lnImmoIoi)  tlK-tyjx',  No.  5(IS4L',  I'.  S.  X,  M.  (lit-lil  No.  I»!l,  Kl>  indu'xin  limgtli). 
Bud  II  i-i>iy]iti»  niiipiiK  from  S.Ti  to  X  iiirlii'i<  in  liiiirth,  all  olttfljiiiil  liy  iiit'  Ht  llonoliihi. 

A>VHmiirHiN-.-lii.limn\i-T  Klnlii'  ilt-r  i^iHw.  iv.  Iw.  I.XIX,  IIk.  K  il-»f'>'»"J>irrvtt'<  dniwliM; >l  ul  CuvKt  A  VkIcU- 

rlulilH-,.  i;  SImrl/<.  Xnll.  I .  H.  Xul.  Urn..  Hv.  T.  W.  IsTV  i  |]uIl<llulll^ 


¥i:.  i!li — Tiulhu ■JuiUlufi  JiiikiU!,  Ltw  ttmU-, 
182.  Teutbis  matoidoB  iCiivirr  iV  Vnlcm 
ic  ri|Ht-iiJii'ii  ol)luiiiiil. 

riiiw'il'N-f'KriitUTJ.' VHMK-li-niiCN  IIIM.  Nul.  Iiil> 
1.  Nni.  Ililx 


(.  Jill.  |xl 


l'iili'n<- 


s  IIM. : 


i.  l-hl 


.,  iww, :. 


Ilitx. 


188.  TeuthiB  atrimentatuB  ,Icirluri  ><£  I' 

Cnlor  ill  lifr  (I><'I<1  N<--  HI  h  'l"rx>l  <i>>  »'>tl>  ->  <lisIiiiH.  I<.iicltii< 
1in>wn,  with  iiinny  wuvy  loii^'ilii'liual  hiii'>^  of  liliu':  itiial  uilli  4 
inky  lilai'k  i-ih'I  Kt  jmstorior  jiiicii'  of  ilonul  lin  (ill  lia-^'i  iinil  o 
InM-):  III!  u'hiti'orKiilileii  lini'Ut  liiiM'of  iliiivali  I'luiihil  'hwky,  ' 
Iibk;  v<-ntralH<lni>ky,  with  nn  wliiti';  (xvloral  [iliviuiiMif. 

Threo  cxiiniijU*.  4.4  to  4.(i  inrhcM  in  Iftiutli,  wi-n-  UtVfii  by  n 
Br.'  iti  Dr.  W.K»i'w  i-oil.i-lion.  iiml  i-ixti-i^n.  :i  ti.  !'.-'•  in.-li.-:'  Ions,  «. 


ii:lI,  olivincms  stri|ipn;  Nxly  dark 

itiiiitii'liiiai  nlivKiH-oiis  MripvH;  »n 

unfile  uf  anal  tin  (at 

iii'liBliiii't  (nmaverw  oliv.ictM>ua 


■  at  V 


ikI  ti.it  inchfx  in  It^niith, 
1  liy  Jonlau  &  Kvennaiin. 

■n.;  siriiiiUtlmct.   Uciikn.  Ak. 
S  lluiiululu.    (Typ*.  No.  OOen. 
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184.  Teutliis  bipunctatus  (<TUiither). 

Color  in  life  (field  Xf«*.  74,  75,  4.4  ainl  5.5  inches  in  length  ),  «lark  )»rr.»wn:  fao*,  thniat  an«l  lielly 
with  many  ^niall  iner)n.«»picui>ns  sfH>t«  of  dark  yell<»w. 

Fairly  ef)mmo!i  at  Hon«»liilii.  Eleven  examples.  4.4  to  7  in«*hes  in  length,  wen»  taken  hy  me,  and 
two  bv  Dr.  Wo«m1. 

Acntt/hitruf  hipunrtntujt  JJiintht-r.  <'«t..  in.  ."i-Sl.  W.l    S<*h  i»f  rhiiia.  Fiji  I>1hiu1>  :  Siciinliirhm-r.  lH*nk«..  Ak.  Wis>.  Wieii.  i..xx, 

■IIM,  1»X> .  Honolulu, '. 
A'-aHthurnn  nurn^f,  GunthtT.  Tnl..  in.  ;tfJ.  \^'A   ■  .N«-w  Ht'bri«lt"«  ;  ihi«l..  KiM-he  der  Su<1mi*.  iv.  110.  Is7.'>  «.*Niiidwich  Ii»laii«l>, 

New  llebride?*.  Pek-w  I'>land>.  Tahiti  . 

186.  Teuthis  sandvicensis    StriH-t.^'.     '■'  Manini.^^ 

Color  in  life,  iieneral  jrr«»nnd  color  dral».  with  yellowish  «-londin>rs;  l»elly,  rhir,  throat,  and  ImmIv 
along  liaw  of  anal  white,  or  nearly  h»:  siile  with  5  hlark  vertical  l»ars  as  wide  as  pupil,  first  on  h«»ad 
thn>iurh  pupil  extending  sliirhtly  forwanl  to  hran«-hiostegalM  se<"«ind  from  fnmt  of  dorsal  to  axil  of 
jiectoral,  eontiuueil  by  a  l>ar  originating  on  base  of  i>eetoral  and  extending  obliquely  bai'kwanl  to 
Wly;  thin!  from  about  sixth  «lorsal  spine  to  a  jMunt  aUmt  midway  l»etween  anus  and  anal  fin;  f<mrth 
from  about  the  first  soft  dorsal  ray  to  first  or  s«H*<.>n<l  soft  anal  ray:  fifth  from  seventh  s*jft  dorsal  ray 
tr»  ninth  soft  anal  ray;  a  black  spot  on  top  of  caudal  i»tHluncle  extending  to  lateral  line  on  each  side; 
vertical  fins  dusky,  anal  with  a  white  margin;  pi'Ctoral  fins  odorless:  ventral  fins  white  with  dusky 
under  surfatv. 

One  of  the  most  n»mmon  fishes  alxnit  the  reefs;  S  adults  and  a  largt*  nuni)>i>rof  young  wen*  taken. 
An  examination  of  a  large  number  of  spiM'imens  of  different  ajres  sh«»ws  a  omstancy  in  ("tiloration. 

At'tinthnru*  trhtMfgur.  i\nnl\\vT  lin  |»arti.  Cat..  Ml.  :W.  1X61:  ibid..  FiM-he  d»'r  .<ii<l»*ti\  iv.  1(^,  \<t^  •Sandwich  I*>laiid»i: 
Steindachner.  IK*nks.  Ak.  Win.  Wion.  i.x.x.  4y8.  1900  •  Honolulu  and  Laymn^:  not  «»f  Linn»>us. 

Tmthif  trtDtieffu*,  Fowler.  Proc.  Ar.  Nai.  .•^•i.  Phila.  1900,  513  (Hawaiian  Islands i. 

Acanihuru*  truM^tfju"  mn*frirrn>'ij'  Stre  '!•*.  Bull.  I*.  .<.  Nat.  Mus..  No,  7.  67.  1877  (Hawaiian  Islands^  (Tyi»e,  N«».  I-t:^**. 
r.  S.  N.  M. 

186.  Teuthis  ^uttatiis  (Schneider K 

Color  in  life  (field  No.  32Hi,  general  t'olor  brown:  a  lijrht  l>and  from  short  di.^tam-e  in  fn>nt  "f 
dorsal,  downwanl  r>ver  o|x*n'l«*  to  its  l<»wer  iiiarjin:  anotluT  from  alxHit  fifth  dorsal  spine  to  s{»aci* 
between  anus  and  anal  lin:  another  narrower,  not  h»  light  nor  s<»  distinrt.  from  thin!  soft  my  of  dorsal 
nearly  to  thinl  soft  ray  of  anal;  dorsal  fin.  anal  lin.  j»osterior  half  (»f  KmIv  inrludintr  caudal  i>e<luncle, 
covere<l  with  white  s|Mits:  grv»und  tx)lor  of  dorsal  and  anal  ilarkcr  than  that  of  IxMly;  a  bnuid  yellow 
l>and  attross  Imse  «if  caudal;  ix»sterior  |H»rtion  of  caudal  dark,  nearly  black:  ventrals  bright  yellow 
with  narrow  dark  margin:  i»ectoral  brown:  chin,  throat,  and  breast  as  far  l»a<*k  as  V>ase  of  ventrals 
white;  iris  bn>wn. 

I  obtaine^l  thn*e  examph*s  of  this  species.  *.».  10.75,  and  11.5  inches  in  length;  and  two,  S  and  10.3 
inchi»s  long,  wen*  taken  by  Jonlan  «.^  Snyder.     It  sei'ms  to  Ik*  rare  at  Honolulu. 

Ar^tnfhiiriig  fruttntn*  .S'hnfider,  Syst.  Ichth..  Jl-x  isoi.  Tahiti:  <;unther.  Cat..  III.  :r_1».  \>6\:  (.iiinthtT.  Fihche  der  Sudsaee,  iv^ 

109.  taf.  LXix.  fiiif.  -\,  1*»7.'>  ■. Sandwich  Islam!*  . 
Hnrimnifjuttntuf.  ForvttT.  Dv^-rip.  .Vnimal..  YA.  Li<-hl..  p.  -Mx.  1*^11. 
Thithif  'jnltattis.  Fowler.  I*roc.  Ac-.  Nat.  S<-i.  I'hila.  19f*».  .'»13  •  Hawaiian  I>lanilv!. 

187.  Zebrasoma  hypselopterum  fBleeker-.     "'Klhikihi.^' 

Color  in  life  (field  N<>.  1H9,  3.1  inches  in  lengtln.  ♦)  clu^stnut-brown  l»ands  acn »ss  1m idy.  running 
somewhat  obliquely  l»ackwanis.  the  first  4  e<ig«^l  with  light  blue.  In'tween  the  Iwnds  and  in  fn>nt  of 
the  first  Iwmd  yellow,  which  color  anteriorly  is  brighter;  caudal  blark:  .««*cond  and  third  yellow  loinds 
extending  on  dorsal  and  Ixdow  on  anal,  following  direi-tion  of  rays  on  fins:  remaining  |»arts  of  anal 
and  caudal  chestnut  brown:  ventrals  yellow,  the  color  on  these  fins  Iteing  a  prolongation  of  the  yellow 
of  the  first  yellow  l>and:  jXH^toral  anteriorly  orange-yellow.  jM^-iteriorly  transjwirent:  lips  reddish. 

St»ven  s|»ei'imens  of  this  beautiful  species.  3.1  to  H  inches  in  length,  were  obtaine<j.  It  seems  to 
be  fairly  common  at  Honolulu. 

Acanthiiru*  h*tj**do]tttru*  Bb-eker,  Nat.  Tijds.  Nf<l.  hid.,  vi.  :;13.  W>l,  Florin;  <iunth<T.  Tat.,  ill,  ^11,  1S61:  ibid..  FiKhe  der 
Siidstf.  IV.  117.  I*<7o  Fffjee  Ii»land»;;  bteiudaehucT.  Dcuks.  Ak.  Wis*.  Wicn.  i.xx.  1900.  191  pi.  iv.  fiu.  1. 
(Honolulu). 
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188.  Scopa*  flavescens  ( Iteiinett). 

lis iiiclioK  iti  Ifuii!tli),  IhhIv,  licail,  ami  Jine  ii 


Color  iti  lift'  (HeU  No.  ITL',  1: 
tiiB*  *if  vi'iiiral  oranj!"';  Iii«  rwl. 

Oni'  (<ptN-iiiien  itt  this  speciiii,  3.3  liu'lw*  li'iii;,  wan  taken.     It  Hewtin  t 

AcwIhKTiuparrifHi  Hvniu-ll.  Zuil.  .Mum.,  iv.  lu,  ixat;  <i<lnlher.  nM'hpili'r  HUOna:  ir, 

KKiiidoi'linir.  DenkK.  Alt.  «'!».  VChti.  LXX.  IHOV,  iVa  (Il<>nnliil<i '. 
AomlliuriuTluiMbiw,  [iilDlhiT,  I'al.,  ui,3ti,  1M11  iSHiilwlrh  Isluidt'i. 

18S.  Ctenochsetus  BtriKoaua  (itfiinctt). 


nily  milplmr-yellow; 


it  Honolulu. 
:s  (Sudwlch  bb 


I'lIlKJtll'lillll)  lillCH  I'll  IhhIv  iiikI 

tveii<-xamiilii<,4.4|iil>.L'itJi'lit>ti 

iirii«*rf(i.ifB.Btiiii.'(t, /j«ili«li*''lJ'>i 

lHT:>(IJaiiilwi<-hIh1niiiN). 
imn  (tTenwI'in)  rfrfywHJ',  Sd'lin 


iiK-hif  ill   li'iiKtli),  -lurk  nililinli-liniwii,  willi  n 

iiTlicul  lini>,  thoi^'  ri:i  IhkIv  iiarn>wtft;  {Hi'tuml  lirownish-onm^. 

ri  li!ii)itli,  wi'n-  lakcTi.    It  aiiix-an  Ii>  W  tnirlj-  i-oiiimon  at  Honolulu. 

till.  IV,  11,  l«wis«inlwii-li  IfIhtuM:  fiivl..rAV«lriu>i.-niiCT,  Hb.t.  N«.  PoiiiL.z, 
11  'Sui'lwkih  lulaiulv):  IW.l.,  KlM-ht  rliT  Hiliisw,  iv,  Ufi.  pi.  TO.  flgi.  B  and  C. 


<.f   itH    I 

WIT  b..nUT,   fr.,1 

Ntr..iinl> 

c..nv<-x  fiinn  ti[ 

ilorsal  u 

111  vi-iilrul  lirw  to 

h.-a<l  Hh 

irl;  wKHilliliiiit: 

of  riiip, 

cl]ar|i,  cliinf-ifl.  f 

niwlrils 

it«  length  2  in  .- 

lit  veHi 

i1  of  lirxt  dorxil 

,  riiiiiiin'wi'il,  till'  JtniitfHt  ilf|itli 
Kri..iitt.)frci(il<.fc» 
wliii'li  the  pTwtili'  in  nt-arly  MraiKht  1 
of  Biiout  111  liHW.^  iif  vcntralh';  iliirsal  a 
ia«'  i>f  laiiilat  iniliiiu'lf  cai'h  in  a  limn. 
Kiiilh  piiiall,  horizon tal,  l)c>l(>w  axin  iiF  I 
ii>lv  wrruliiti'.  i-oiiii-  tt-itli;  il  nliort.  cm 


iiil.nirliilal  S;  I),  v,  28;  A.  u,  27; 
'  tliiril  •ti>mil  i>|>ini-;  htvil.  uliort, 
iniriiiiii'iii'c  in  Cniiit  of  eye  at  level 

iiriicin  «f  iIodm);  vuntral  QuUine 
I  vi'iitral  onllineH  from  oriKin  ot 
IK  I'lirvt',  niort  i-onveJt  anteriorly; 
ily;  jau'seurli  with  a  pingle  eeries 

il  jtriiovi'  in  front  of  eye  below 


t.'ill-iiiH!niiiK  i'liiK  Miiil  oliliqiii-,  t'xit'Nilint;  far  unltTiorly,  tliu  upper  end 
II-;  intoniHiitHl  hjuii'i-  not  )<troii)-ly  ['unvt-x,  thi.'  iiitnlian  ri<lg(!  low,  botljr 
i-li  ciili-  oF  t-uiiilal  ]HHlnnrU'  with  2  \i-t\  low,  utvk,  lioniy  (ilaU-s  without  epinefl,  the 
them  1.5  t<i  12  in  i-yc;  nrft  ilortqil  i^iiinc  rathiT  Htrun^,  modcnttely  rougb,  its  lenglh 
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1.7  in  hea<l;  other  dorsal  Hpine.*!  suu^olher  aii<l  more  slender,  the  fifth  2  in  head;  soft  dorsal  not  high, 
the  rays  of  alj<:>ut  uniform  length,  the  longest  about  2.5  in  head;  anal  spines  rather  short  and  slender, 
the  second  efjual  to  diameter  of  orbit;  soft  anal  similar  to  dorsal,  equally  high;  caudal  deeply 
emarginate,  the  free  edge  of  the  2  iol)es  forming  a  broad  angle;  upjx^r  lol>e  of  eaudal  somewhat  the 
longer,  its  length  nearly  e<|ualing  head;  ventral  spines  nuxlerate,  reac^'hing  base  of  first  anal  spine, 
their  length  2  in  head;  pectoral  short,  its  length  a  little  less  than  snout. 

Color  in  alcohol,  pale  <lusky  olivaceous,  lower  parts  palest;  dorsal  and  anal  with  i»ale  purplish 
brown,  mottle<l  with  lighter;  eilge  <»f  dorsal  and  anal  each  with  a  narrow,  blackish  Uinler  tipiM5<l 
along  till*  {Mjsterior  portion  with  whitish:  caudal  <lirty  brownish,  narrowly  edgt^l  with  white;  ventrals 
whitish,  «lusky  tipjKMl;  jK'ctoral  dusky  at  biu«<*,  lighter  at  tip. 

Only  2  examples  of  this  sj>e<ies  were  obtained.  Tyi>e,  N<».  ."Vi)?!)?,  V.  S.  X.  M.  ( fiehl  Xo.  liH'I),  a 
specimen  H.25  inches  in  length,  nbtaine<l  by  me  in  Honolulu  in  1SS9;  c(>tyj>e,  Xo.  772(5,  L.  S.  Jr.  Univ. 
Mus.  (field  Xo.  12048),  11  inches  long,  o]>tainetl  by  the  AUmtrn.<x  in  18W,  at  Honolulu. 

191.  Acanthurus  brevirostris  K'"vier  tNc  Valenciennes). 

Color  in  life  (field  Xo.  244,  7.2.')  inches  in  lengtli),  head,  IkhIv,  dorsal  an<l  anal  fins  unifonnly 
dark;  outer  margin  of  caudal  yellow,  central  area  light  orange. 

Four  si>ei'iniens,  7.25,  7.75,  S.25,  and  H.75  inches  in  length,  were  obtaiiu^l.     This  is  the  first  rtvonl 

of  the  speiries  from  the  Hawaiian  Islands.     It  api>ears  to  Ix*  fairly  <-ommon  at  Honolulu. 

Nijueu*  brrriroHtrijf  Cuvier  it  Valciirieniu's.  Hist.  Nat.  Poiss..  x.  277.  pi.  291.  1«V>:  Gunthcr.  Cat.,  ni,:M9.  1.%1;  ibid.,  Fiwho 
derSud.Hoe.  iv,  121.  pi.  Lxxix.  fig-  A,  1X75  (Kingsmill  Island.  Tahiti). 

102.  Acanthurus  unicomis  (Forskal). 

.Nine  examples  of  this  siXM:;ies,  fn»m  5  to  12  inches  in  length,  were  obtainwi.     It  is  very  al>undatil 

at  Honolulu,  when^  it  is  ex[)os<Nl  for  sale  as  f«KHl  with  all  others  of  the  Teuthid'uht . 

ChtrtiHlon  iniirorniit  For>kaI,  IX'Script.  Animal.,  Thi.  177-'). 

yiusfUit  iinirnrniit,  (JuntluT,  Cat.,  III.  'Ms,  iHf.l  i  i'olyncsiai:  ibid..  FihIu'  der  Sud.«H.'i'.  IV.  IIS.  pi.  7\  tx^s.  1  to  4.  ls7'HSHndwirh 

Islandsi;  Strorts.  Bull.  C.  S.  Nat.  .Mus..  No.  7.  <"»>».  1x77  fllonolulin:  Sleinda<'hner.  Dcnks.   .\k.  Wi»*..  Wion.  i.x.x, 

4*\  VJW  (Honolulu). 
MoinMrnHf  uiiirurnif.  Fowler,  Phk*.  .Vc.  Nat.  >ri.  I'hila.  I*mh»,  .'>Ki  i  Hawaiian  F>lands). 

193.  Callicanthus  lituratus  "Korster). 

Color  in  life  i  liehl  Xo.  H>().  S.5  inches  in  length).  IxmIv  dark  drab,  with  <larker  mottlings;  a  bright 
vellow  area  aroinid  eve,  tlu'  color  cxtendiuir  as  a  curved  line  of  bright  vellow  down  the  side  of  the 
snout  to  angle  of  mouth,  wliere  it  spreads  out,  then  cxten*ls  a  short  distance  ba<'kward;  the  area  about 
the  eye  backward  and  upward  to  opj>osite  ba.-e  of  sec«»nd  doi-sal  sjnne  yellow,  the  yellow  area  of  ea«*h 
eye  conne<'te<l  by  a  broad  band  between  tlie  eyes:  lips  rosy;  cau«lal  spines  and  the  area  aroun<l  them 
bright  orange;  dorsal  inky  lOack,  soft  part  with  white  lM>rder,  e<lge<l  outwardly  with  dark;  a  bright 
blue  line  on  IumIv  aloiiix  ba<e  of  dorsal;  base  of  anal  yellow,  outer  part  orange  with  black  cniging;  ven- 
trals f»live;  iKM-tonil  du.-iky,  with  inner  surface  y<*llow;  «*audal  <lark  <lrab,  with  jjosterior  V)order  white, 
just  within  which  is  a  cros.'-band  of  yellow. 

Common  at   Honolulu.      Kight  sjHMimens,  t>.5  to  10  iinlies  in   length,  wen*  taken  by  me;  one,  11 

inches  long,  by  Dr.  Wo«m1;  and  threr.  7,  s,  and  10.5  inches  lonir,  by  tht*  AHmlnnin  in  1S9H. 

A'tiHthnrtis  H/nnifris  B1«h'Ii  iV:  S<'hnrid<r.  Syst.  hlilh..  iM'-.  IxH. 

Umit'Tiis  lilnrnliix,  Forstrr,  IK'si  ript.  .\nimal..  21**. 

yojfCUM  litni'itns,  i^MvivT  Si  ValeiH'ienn<'»i.  Hi>t.  -Nat.   l'oi>'^..  \.  Jvj.  l^ -»  ■  <  unhiii  i.   <Junth«'r.  Cat.,  in.  :i.\:i.  isiil  i  Polynesia  k 

<i»inthor.  Fi.^che  dvr  Siids*'*-.  iv.  121,  pi.  S2.  1X7'»  ■.Sindwich  Kland>»;  Stoindarhnrr.  Dvnks.  Ak.  Wiss.  Wien.  i..xx, 

19n(».  41*5  (Honolulu.. 

194.  Callicanthus  metoposophron  Jenkins,  new  species. 

Head  4  in  length;  depth  2.5;  eye:^.5in  head;  snout  1.9;  interorbital  3;  P.  vi,  29;  A.  ii, '50.  Bcaly 
rather  oblong,  greatly  compres.«e«l,  the  greate.^t  <lepth  under  last  dorsal  spine;  anterior  dorsal  profile 
with<»ut  protidK'ranc«»  of  any  kin<l,  stron«:ly  and  evenly  convex  from  tip  of  snout  to  about  ft)urth  dorsal 
ray,  thence  l(»ss  convex  to  caudal  |HMlunile;  vent  nd  outline  similar,  btit  less  convex;  snout  rather  short; 
mouth  stnall,  horizontal,  slijrhtly  U-low  axis  of  IhmIv;  tei'th  small,  slender,  ch»se-set,  an<l  j>ointed,  in 
a  single  row  in  each  jaw;  a  short  lunaU*  groove  in  front  of  eye,  iti*  length  equaling  that  of  maxillary; 

F.C.B.1902— 31 


482  BULLKTIN   OF   THK    ITNITKD   UTATKS    KI«H    OOMMISSION. 

irill-njifiiinj."  limy:  ami  iililii]LU',  llic  lowi-r  anii  cxIeiHiinj;  far  (iirwunl,  tlic  iiiiptT  t-ml  ou  h  level  with 
tiiwercilKV  'it  iirbit  Hiiil  ilintlly  ulxiw  i)]>]H-r  Imnv  uf  iH>4'toral;  iiilen<rliital  H|iaiv  iiiMltrrately  Ifrostl, 
(lit  2»>i[|t3<  iiit^-liiiKiit  uliniad,  niiinikil  biikIc:  t^iititv  Ixxlyanil  hi-ail  lincly  iiratiiilatviliir  velvety;  eiivli 
d<h:  uftMuilal  iieiliitii'le  with  two,  \r<^k,  km^lol,  lioniy  {lUtu',  the  ilislaiicc  U'twevii  whk-li  in  1.4  in  eye; 
tirft  il'jwal  Hpim-  (ftnmt:,  ningheinil  laU'wlly,  inwjrti'"!  8l">vi'  gitl-i>)K;iiiiifi;  hIIkt  dorsal  spinus  slend^'r, 
i-[iioot.li,  aixl  iwiintfrl,  Ihu  tliinl  loii^esl,  it!<  li>ii){lh  iii'Srly  (iiUHliiit;  thai  <il  Minut;  <tiiml  rays  i<lender 
uikI  wLiik,  iilitirtcr  than  the  H[iim's.  th(>  liiii^>iit  alxnil  '2.H  in  hi'stil;  aiiul  ^'|lintu<  Httriiilf  r  ami  poiiituti,  tliu 
Forcoiiil  HliKhlly  thi'  liiut^iT,  itH  length  tiiualiii);  iliaiii(.-ti.'r  of  eye;  anal  himilar  tn  Hitl  'liirsal,  Imt  eoiiie- 
uhat  liiu'cr;  I'litidal  ili-oiily  hiiiuti'.  thi'  loU-H  nut  ^rt'atly  prDdiiivtl,  thi;  ii|i|ier  HiiKhtly  th«  loiiin'r: 
ventral  i<|iini-^  huic.  ruliii-r  slnin>:,  n-Hi'hin)c  laixe  uf  Nixinil  aual  vpine,  their  U-ngtli  cqualini!  that  of 
lifiit'est  iliinal  ^I'ini';  [H'lUirjl  uf  nnHliTHle  li'niitli,  l.-l  in  head. 


Colnr  in  alcuhnl,  nt'iii'ly  iiiiitonn  olivmi-oii!-  I<r»w[i:  ]>ali'  In-Iow:  di'mil  Hn  <Urki>r  1>n>wn.  i-rxitt(>e<I 
hy  :t  1>roH<1,  liiTiKitniliiial  li^hlei*  1>iind>:  mi  tlii'  H|nn<>iii'  |Hirtii>ii  thv  liuhter  and  darker  iiiarktn{Ri  atv 
linikeii  u|i  intii  iniin*  ur  k-*^  vertkal  Iwrs;  ini'inlirane  lietwii'ii  liret  and  «iiui<l  diin«l  f|iines  with  a 
]Hile  nr  lT«ni<]mn-nt  aivn  dislally,  eilne  uf  lin  narn.wly  lilac-k;  anal  iiiniilar  tii  dorrwl,  Imt  with  leat 
■liplinet  lianils;  caudal  nnifDnn  dtieihy:  iMvtonil  ihifky.  jNiier  at  ti]i;  vi'iitra!  dnfky. 

Only  'J  cxanigileH  of  tld^'  i'|iifli'>' were  iilitaini-iUiy  nieand  nune  haxlieen  wininil  l>y  any  ><u)>i>ei|iivnt  - 
.■iilltTtor.  Ty|M>,  Xi).  fH'TlHi  V.  S.  X.  M,  (field  Xu.  IflW),  H.W  iiiehiiM  lontr.  ubtaiiieil  at  ilonolulu; 
.■DtyiKj.  Xo.  7727,  ],.  S.  Jr.  liiiv.  Mii-.  (Held  Xi..  4111 ).  ii.5  inches  k.nn,  Imm  j^iine  plaw. 

Pamily  XLI.  liALlSTlI)^:. 
196.  BnUit«i  vidua  S.,lander.     "  Jlm„..h-m-  hi;itJ.." 
Color  in  life,  nnif.irndy  dark  hn>wn  with  tin);.-  of  ..live;  u» 


id  uikI  anal  wliiti-,  wilh  li  nHrnm-  1 

.lark  lK,nk'r:iloi]irnnti'ri..raMd  dislal  loatyinH;  dintal   ixtrtioii 

undal   |«Hlnnc>le  whiti-,   lin  n-1,  fli 

.■  iipi^'r  ..i»l   louiT  a-in-  ™li   Willi  a  narr..w  Idaclt   li,,,-; 

oral  ravs  hrijjlit  velli>w;  fahil  vioh-1 

111  jintrli-^of  tuoiiil.;  iri.-  vi'iiow.     Tin-  voiiii(^t exainplea  have 

e^ontimxideof  thi- eandal  |H'diin. 

lo.  whi.'li  un-  ol».,li'1,'  ill  ih<'  larue  oik-^. 

My  <i.lkfti..n  eoiilaiiiH  fi  :'|K'c'iniei 

iH  tlii'l'l  Ni'"-  "-!'.  —7,  :!ii|.  ii:j<i.  nndfi'H),  raniiinn  in  leng:tli 

1  It  li.  HI  iii.'hi!r^.     Tlii^  HiK-cii-j-  Mi-ni 

IhTOi  SlntT-.  Bull.  r.  S.  X..I.  Mil-..  \. 

ii]|,liiir.  Fish.-..  I».  jil.  .W.  ligy.  tfuiic)  lu,  (XaliL'ltl;  UliIiIlliT,  (J«l.,  vm,  nt. 
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196.  Pachynathus  capistratus  ( Shaw ) .     "'  ffumuhumu  meemee.^^ 

Color  ill  life  (field  Na**.  116  and  228  i,  Ixxly  iinifonn  liiyrht  brown,  fin«  same  eolor,  plain;  rosy  line 
l)€;ginnin};  slightly  l>ehind  and  Indow  angle  of  mouth,  extending  haekwanl  and  slightly  downward  to 
vertical  from  eye,  this  joined  by  another  of  same  e<dnr  extending  under  chin.  In  No.  116,  membrane 
of  first  (h>rsal  olivai'eous,  with  a  black  blotch;  si-aknl  skin  pushed  back  fn^m  the  chin  shows  bright 
orange-yellow;  outer  margins  of  soft  dorsal  and  anal  light. 

Five  examples  taken  by  me  at  Honolulu,  where  it  is  common.     The  longest  is  11  inches  in  length. 

H(Uiht(tt  rn  I  iiMt  rat  It  M  ^hAW.  Uvuvrnl  Z«Mil«iKy,  v.  117.  1S<>1. 

litilii'Ux  inifiit  Bt'iuivtt.  Pph-.  Comin.  Z<hi1.  S4h-..  i.  lKi\.  Uf.*:  (iiiuther,  Cat.,  viii.  '2\'<.  1^70  i  Indian  an«l  rarifi«-  rx-eans). 

Btiliftfs/nndtiiii  BUfki-r.  Atla>.  v.  111.  jtl.  2*j:i.  Iik-  -.  l^»-'». 

J^M'hi/uatfnm  capiat  ml  u^.  Jonlan  iV  Evermaiin.  Fi>>ho>  North  uihI  Mi<l.  Ana-r..  ii.  17i^4.  Ivjh  (Tropical  Pacific). 

197.  Pachynathus  bursa  ( 1  ^cep<!'de ) . 

(ieneral  color,  light  drab,  with  <larker  clomlings;  a  narrow  distinct  white  line  from  near  angle  of 
mouth^to  near  origin  of  sf>ft  anal,  which  returns  al<»ng  base  of  spinous  anal  to  Iwse  of  ventral  spine;  an 
olivaceous  dash  extending  in  a  curve  from  upper  part  of  ba**eof  i»ectoral  upward  an<l  backwanl  toward 
middle  of,  but  not  quite  reaching,  the  first  dorsal  fin;  another  from  alxjve  and  through  the  eye  down- 
wanl  and  l>ackward  to  lower  part  of  l>a»e  of  pcn-toral;  throat  and  l)elly  l>elow  white  Une  light;  first 
dorsal  olivaceous  with  white;  second  dorsal  an<l  se<"oud  anal  transparent,  first  anal  black;  caudal 
dusky;  inside  of  mouth  black. 

1  have  11  siHJcimens,  from  5  to  8.5  inches  in  length.  It  seems  to  l)e  abundant  and  is  s<.)ld  in  the 
market  sa*  foinl. 

HaiiiUf  hijuri^  LacciH'dc.  Hist.  Nat.  I'oi.Hs..  i,  XVS.  '^',:^,  ITW. 

Baiuttif  hurni.   Bl«x'h  A:  Schneider,   Sy.st.    Ichthy..  47r>.   IhOl  tlmlian  tucan);    Bleckcr.  Atlas,   v.   116.  pi.  1!23,  fig.  3,  1865; 

Giinthcr.  Cat.,  viii.  219.  IKTO  (Indian  and  Pacific  o<:eans,». 
Baliistaitufburm,  Fowler.  Proc.  Ac.  Xat.  Sci.  Phila.  1900,  514  (Hawaiian  Lsland.^i. 

198.  Balistapus  rectan^ulus  (Blcndi  «&  Schneider).     '^  Iltimuhunm  Xuhntuku  Ajma'n.^^ 

Very  brilliantly  colore<l  in  life;  ground  of  upj^T  part  of  iMnly  and  head  light  brown  l)ecoming 
lighter  towanl  snout;  8  black  bamls  reaching  from  <»ne  eye  to  the  <tther,  the  lM>nlers  and  t lie  spaces 
betweifU  tht»se  bands  gn*en;  the  most  i>osteri or  green  ban<l  on  head  j)assing  downward  and  liackward, 
where,  after  an  abrupt  l>end  backwanl,  it  be<-omes  a  violet  line  running  along  middle  of  l)ody  to  a 
vertical  from  tij»  of  thinl  dorsal  spine,  when*  it  forms  an  acute-angltMl  fork,  each  j)rong  a  brilliant 
yellow  line,  the  u[>i»er  ending  at  about  bax'  of  third  from  last  soft  dorsal  ray,  the  lower  ending  at 
corresiK)nding  ]M»<ition  at  base  of  anal:  within  the  fork  are  2  other  bright  yellow  lines  jwirallel  with  the 
I»rongs  of  fork,  forming  anteriorly  an  acute  angle  on  a  vertical  through  first  third  of  dorsal. 

Twelve  sjn'cimens  of  this  very  brilliant  fish  were  obtaine<l  by  me  at  H<jnolulu,  the  longest  9.5 
inches  in  length.  It  is  very  abundant  at  Honolulu  where  it  is  conspicuous  in  the  market  on  accotmt 
of  its  colors. 

BaiM'M  rulnnffufnK  HUn-h  A:  <<'hneider.  Syst.  Ichthy  .  HwS,  \H)\,  Indian  Ocean;  <;iinther.  <'at..  vm.  '12^,  1870. 

Bnlndfxrinrtiis  Bleeker.  Athi"*,  v.  119.  pi.  ?•>.  fij;.  1,  \>^'-\ 

Baliftapuj'  n.cfnn'jului'.  Kuwler.  Prm.'.  Ac.  Nat.  Sci.  Phila.  PJH».  r>ll  (Hawaiian  iKlaiid"*-. 

199.  Melichthys  radula  Solan der.     '"Ihnnuhninu  Kini*.'' 

Color  in  life,  uniformly  black  with  slight  show  of  bluish;  axil  bluish;  a  very  distinct,  ctmspicuous, 
narrow  line  of  light  blue  ninning  longitinlinally  on  base  of  dorsal;  a  similar  one  on  l)ase  of  anal. 
Api>arently  abun<lant  at  Honolulu,  where  1  olitaimMl  7  si>erimens,  the  longest  l)eing  11  inches. 

Bnliftif  rafinln  .<<»lander.  in  KichardHUi,  Voy.  H.  M.  S.  Sauiaranjf.  Finhes.  '21,  1848. 

Mtlirhthi/x  rintj^iix  Bleeker.  .Mla.^.  v.  His.  pi.  J-JO.  fijf.  2.  ls«o;  ni>t  of  Linnsins. 

BaliifitKbuuim  <;rinlher.  rat.,  vm,  1'27.  I>7i>:  Stn-et«^.  Hull.  V.  S.  Nat.  Mus..  No.  7.  .v..  ik77  i  Hunohilui:  not  of  Lacep^c  nor 

of  KisM». 
Bnii)^(i'  { ytf  1(111  irhthiii>\  hiinirn.  Steindachner.  l)enks  .\k.  Wi.ss.  Wien,  LX.x.  I'.HW.  .M7  (Honolulu  and  I.4iys«n». 
MfUchthyx  biifpinoiUii  <ii\\H.'Ti.  Proc.  V.  S.  Nat.  Mum.  1890,  12."),  Clarion  and  S<K'orro  islands. 
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Faniil}  XLII.  MONACANTHID.i:. 

200.  Cantherines  sandwichensis  ('QiHiV  «v  naiinanli. 

Color  ill  life,  uniformly  lilack;  dorsiil,  :iiial,  and  {HM'toral  iroMfii,  th«'  color  mostly  iihiHiuhI  to  tho 
rayi^,  tlio  iiHTuhnuifs  iMMrii;  trans])an'iit;  i*iiii<lal  rays  l>la<'k.  m<*mhniiu'r^  <Iiisky  oliva(*(*imH;  <im>'al 
H]»iiu>  bhu'k.  iiit'iiibraiii'  U'liind  it  olivareou>. 

My  rolk'ctioii  coiiUfiiis  '^  HiN'timoiis.  from  '>  to  t;.r>  im-ln's  in  length,  an<l  tht^ivari'  in  the  colUt'tioii 
made  l»y  l)r.  Wo«^l  4  oxamph's,  from  <»  to  |n.r>  intlu's  in  Icn^rtli.     It  is  iihmI  as  foinl  hy  tin*  natives. 

Ilnfiiiftii  mui'lirirfh  in'f"  l^ihiv  t^  •tniniiinl.  Vfy.  iIi-  rrraiiir,  Z«ni1.,  '_M  1.  ixJl.  Hiiwaiiiiii  Nlniiiis. 

Mtmnrniiffimi  IHirtltttii'  Kiip|><-ll.  Nciu-  Wir**.  Ki"*-!!!-.  .'i7.  pi.  I'l.  lii:.  :;.  \Ki.\  .  Man-li,  l»Ov:  <«iiiilhrr.  I'lil..  \iii.  iKiii.  isTll  4  IiitliMii 

and  ParitW*  iN-i>ans). 
f'nnffit  rinf!'  iin:tnliui  fiwn'iu^tu.  Nai.  Hi*"!.  Kislu'v.  i-ii-..  11.  ::_'7.  Iki'.».  <nl»*titiilr  f««r  ft.  >'^^|lfin•h•^^i*  nuif  (iiU>\  iV  (iiiiiimnl. 
f.innitnttutinthut*  ftttrilfitii'  Hl»"«'k«T.  Alias  Irliihy..  v.  l'<ii'».  l.'.»'..  pi.  l;ii».  I>j.'.  7. 

i'unfhfrhnM  nintl:i'  Jt^Tihiii  i\l  Mr<in*u''»r.  Ili-pt.  !'.  S.  l-'i««li  <'«iiimi.  fur  1>'.«V  ■>!,  |»1.  ("i.  >in'iirr»i  l<>1anil. 
I'tinthi  rih»f  fnii'lirirhf  itfin.  K«»wUt.  I'nM-.  .\r.  Nat.  <im.  I'liia.  I'.Nm,  .ill  ■  Hawaiian  I«>lrtinN'. 

201.  Stephanolepis  spilosomus  i  l<iiy  tV:  r>i'nm'tt  i. 

(.■<»lor  in  life,  fac**  Mui^"!!,  UhIv  oliva<'«M>ns;  facr  aiitl  clut'ks  with  dark  \\v\\\  liin-s;  siih^s  »»f  IhhIv 
coViTiHl  with  (lark  spots  as  Iar«r('  as  pupil:  mcmhranf  U'liind  ilorsal  spin*'  (»ran;;r:  soft  dorval  and  anal 
with  inuuY  vory  narrow  lon^itmliiial  yrljow  lines  aIt(Tnatin>:  witii  li>!lit  hliic:  cauthil  wry  brilliant,  itn 
ground  color  yellow,  the  distal  manrin  oranp',  within  wliich  is  a  hnuul  transvers4»  Uind  of  hlark; 
r»*inaindcr  of  tin  with  tninsvcrsc  p«ws  of  hla«*k  «hits.  My  colhftion  <-<»ntains  liftccn  h'liecinieiu^  from 
*1.'M\  to  0.14  inches  in  h'li^'th.  taken  on  the  reef  at  Wonoluhi,  when>  it  is  abnmlaiit  in  the  (H»ral:  and 
live,  ''^.*2^^  to  4  iiu'hes  in  len^rth,  wen*  taken  by  the  Allmtinns  in  |s*Mi. 

Mnnai'iinthiif  Hiilnmnini  Ijiy  ,V:  TUmiiicM.  Z'ni1«»i:>.  ('apt.  Hn'rlii-yv  V«iya«:r.  in  H.  M.  S.  KI(*M»«ini,  70,  pi.  "JJ.  Iik-  1,  IJ^W.  IlHWiifiHit 
Nlan«N:  <;nntlnr.  t'al..  viii,  Jl:'..  Ix7w  -snulwii'li  MaiKl*-:  Fowlrr.  Tnn-.  Ac,  Nnt.  S«-i.  I'hilH.  HHV.  Ml  (Hawaiinii 
IslaiKt.^). 

202.  Osbeckia  scripta  •  <  MlnM-k  1. 

Hue  speciiiMM).  a  skin  "l'.\  iinhes  in  leiitrth.  was  obtainni  by  .Ionian  iV  Snyder  in  MNN)  at  Honrdiihi. 

This  spe<ii's  has  U'eii  taken  l»y  .lordaii  tV:   Kvi'rmann.  CluM^k-List  of  I'Mshes  of  North  AnxTica^  |ia}fi* 

424,  as  the  type  •>!  the  new  sul>L'emis  nsl„rl-'in.     This  .•^irms  to  be  its  tirst  record  froUL  the  Hawaiian 

Islands. 

l{«ttiftfS)tmpttnitt'']M'r\i.  InltT.  Cliin..  i.  111.  I7.i7.  Cliiiia. 

,l^wl^r•l  ^'Ti/i/fi.  .lunlan  iV  Kv»-nnann.   Ki«-hi"<  N«»rili  ntnl  Mill.  Ainrr..  11.  I7I'.».  l»*l«'». 

1-jimih  \L111.  Ti:TK\0lM)Vril).4:. 

203.  Tetraodoii  hispidus  <  l.inn:en>i. 

('ol<»r  in  life  varie-"  con.-idenibly.  Ippi-r  parts  1  lii-ld  Nii.  ."Oi* )  j^nldeii  i»live,  lowiT  itartH  white; 
bluish  white  spots  over  tip  of  h<-ail  and  back,  bccomiir^  v:]|,:i||4.r  nii  caudal  |MHluncle  and  «'Huda]  fin:  - 
bluish  white  coiut-ntric  riiiirs  around  eye:  1  ilistinct  aipl  1  or  "2  other  not  w»  distinct  riiij»s  of  wliitc 
ari>und  bas«'  of  |M'ctor.il  tin,  the  white  baiuls  with  olise  interspaies:  base  of  pectoral  and  n*};ion  Indow 
)»la«'k:  some  bla«'k  blotches  anterior  to  the  luwiTof  these:  dorsal  dusky  yellow;  pectoral  bright  yollow; 
anal  oranire-vellow:  caudal  diiskv,  membranes  yellowish  with  bhii-h  while  sp<tls. 

Three  sjMM-imeiis  of  this  species  wrre  obtained  at  Hoiuilnln.  the  loii^rest  Immuj: '».7  inclu?s.  TluTt' 
is  a  ^reat  ran^e  in  the  distinctness  of  the  marking  aiMl  in  the  anutunt  of  roiiLfhness  };iven  the  nkin  hv 
the  spines.  It  is  offered  for  sale  as  f«Kid  in  the  market  at  IIon<»lulu,  but  is  considennl  v(*ry  |Nilt4(>niiiiN 
if  iK>t  cooked  in  a  certain  manner. 

■■  Tftrtuninii  hi^iiiiltii'  l.inii:i  n>.  Sy<l.  Nnt  ,  i-d.  \.  i.  :'..'.:•.,  17-»s.  India. 

'nfnuHl«niitn-i'in''iflini''  lliippt'll.  .\tlas,  Ki-im-  NopI  .\frii'a.  t\'.i.  \*^'J>.  li««i  >«n. 

T'tr'finn  ln'i'iH'iiny,  <;\intlnT.  fjii..  viii.  •J'.»7.  is7n. 

Tftrtnloii  i  III  III  lit  IIS,  StriM't".  linll.  I",  s.  Nai.  Mu«-..  Nn.  7.  1*^77.  "ni  ■  IIniMihilu  . 

Onihhi'  I  I'tfiiznii  .]t>Tthni  iV,  «;illn'rl.  I'nw,  \\  .'*.  Nat.  Mn*.  l.svj.  iV;;i.  I'arntnia.     ■  r>p«-.  N«i.  J*.H17'.>.  I'.  .S.  N,  M.) 

204.  pvoidos  latifrons  .1  en  kins. 
One  spei-iiiK'ii.  U.\  inches  in  leu;:th.  wa-  obtained. 

f/io/r^«/.i///;r.//*  .Iirikin*-.  Hull.  !'.  ^.  Ki*li  (iiimii.  |i»r  lyi-.i  j.imi.- •'.  I'.ttil  .  ;:iis.'iii;.  n».  llorii»liihi      '1>  |»«-.  No.  49»!Wi.  T'.s.  N.  M. 
Tnll,  o.  1'.  .Uiikiii-.  I 
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Family  XUV.     TBOPlDICHTHYlIt.*. 
205.  Tetraodon  jactator  i.lL'iikiiixi. 
Two  xiioi-iiiienti,  I.r>ati<l  L'.r>  ini-lK-"  loiin,  were  laki-ii  on  <'iiral  r<H'k>' mii  tlu'  ivt'f  in  front  of  Ihccily. 
r.^.  S.  M.;  .■oil.o.  I'.J.'iiLiH^.i 

306.  TropidiclithyB  oahueiuis  .Ii'iikin^,  iii'u  >j.i-ri(>s. 
Hi'a'i  4  ill  Icnfrtli;  .U-plli  l.!i;  eye  4  in  li,-uil;  enotii  1.4;  intpnirhiial  -t:  Ii.  w;  A.  \i. 
ll.»ly  !<li.irt,  iUf[>,  itnd  j.'r<-:illy  i-oiiiiiress.-cf ;  iiors.il  jinifil.-  Ti^hiR  in  a  nearly  .'-Intiv'hl  liiii-  from  lip 
of  Biioiit  to  iH'i-iput,  llicniv  ili-Mviiiliiit;  in  a  Miiiall  retriiUr  <-iirve  1o  1>il4-  of  cuiiilal  lin;  ventral  untliiii' 
nearly  niiifornilyi-otivt'x;  intcMrliitalsiNUv  l<riia<l,  m-arly  Hat;  Mmnt  hma,  t'onii-;  iiioiilli  miiuII,  tilitihtly 
In-low  axil*  of  ImwIv;  eyes  liiiiall,  hi),'h  np,  lliy  sn|ir,icirliital  rim  jironiincnt :  i-^i-iiint  jiroiiMneut,  wilh  a 
iliFitinL-t  knob  at  liighest  |Hiiii1;  i-auilal  |ictltiiii'le  i-imjiireiMil,  ito  It-a^t  u'iiltli  aliuiit  :l  in  itit  lea.-^  ileiith; 
(fill-opeiiint;  fliurtc r  than  orliil,  lunneu  hat  oliliipie:  [xi'Ionil  sliort,  thi.-  aiiUTior  rays  longest,  alMint  2  in 
lirtui,  Ihi'olhers  gradually j?hi>rt«T,  the  liasi-sriinwiieralily  fxci*ilhii;  iliameter  nCorbil;  origin  uf  dorsal 
midway  iH-lwei-n  iip|icr  cnil  ol  K'll-oi'''n'litf  "'ni  ''H-'*  of  I'andal.  Ihi-  anterior  ray  Iongei<(,  aUrtit  2,2  in 


heail  tlielui.-^  of  th.  [iii  aUint  !  ni  ht-ad  himI  >-lii  n  n  iiii  Inl  tin  antirior  rai-^  umifwhat  llie  lonp'r 
an<1  tKjnalin;.  Iht  anterior  rav-'  if  dnrvat  <-aii  lil  truncal!  it.'  linfrth  aUmt  1  t  in  h<-ud;  head  envenit 
all  o\<  r  with  "mall  -h  irp  ij-ik  nlii-s  milv  tin  li[i- iiakt^l  In  lit  ni»stl\  wniwith  thi  asiH-ritieH  smaller 
and  ueaktr    sides  smooth    me-liBii  litii  of  lui  k  rough 

Color  in  alcohol  nih  limwn,  tlu  -idi  r.t  I.hI\  with  nnnun  ii.'  \>rt  fniall  sk\  liliie  sjiols;  Hide  of 
head  with  numeron",  \er\  narruH  «liiti»li  or  hhnsh  white  lines  sijiaratiiig  dark  lirowu  or  blai-kish 
Iiiii«  tlu  laltt rilisjMBied  to  break  up  into  sj>,>|s  on  thi  iheek  2  narrow  Miu  lines  r.n  rlieek  lieloweye, 
eadi.iirMHi  njiwari  at  the  middle  J  or  {similar  lines  liaikward  froiint  llu  se.c.i.d  one  extending 
niiwanl  and  Itaikwaril  to  nii<hal  pnimin.  nn  wh<  n  it  joins  Us  filluw  from  the  opisBiite  side;  sinall 
hlue  s|>  ts  alsint  and  a1>o\e  lh(  pll-oiienini:  i^iidal  ptstiim  It.  "imliisl  similar^  to  Ihe  side  of  UhIv; 
lower  jmrt  of  side  with  irrejfular  bniniiish  hloti  ht-  tin  In  11\  ni-lt  lirowu  lins  all  t>ale.  blai-kish  at 
liaM    caudal  soint  what  du'kt 

ThlsdesriptlonisloMsl  iijnn  a  smvl  -i^siin.n  tlut\[«  \.i  XKi-NI  I  v  \  M.,  Ii,-|.l  N.,.  :t2(l, 
4,-'>  nil  he^  long   ohtamiil  hi  ni<  at  [I   noluln 

307.  TropidichthyB  epilamprus  Jenkins,  new  siMi-ies.     "I'nii  <^-ii." 
Head2.K  iu  length:   depth  2.7;  eye  :(.6  in  head;   Pnoiir  l.ti; 
P.  17.     Body  ohlong,  i'om]>reN<e<1:  head  Uing:  Hiiont  pointtil,  its 
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Htrtmic.  ('oiivi-x,  ■iiit'tiiii;  ill  ii  |iriiiliii-iil  [xiirit  iit  tin-  iviiIit:  i-yc  liitfli  iii>.  llu'  Hii)iniiirl>ilal  rim 
imiiiiineiil;  iiitiTnrliilal  s|uii'i'  iv,Mr:iM':  lUiKTiiir  |>n>tll<-  fmlii  1i|>  of  Hiioil  tn  i><-.'i|>iit  nearly  :-tr.UKli<: 
iiiii'lul   ]iih1iim>'U'  i',irii|ir<->.~>'.l  mul  il.i-|>.  iiH  ,l>'j>lli  L'.:.'-')  In  IkiuI;  K>l<-<>]"'i'iiit:  vrrlinil,  ilf  It-niitli   k>n> 

tliati  iliHiiK-lvr  r.[  <ry<-:  m-.-lril  stimll,  ifrfurtLli' I  in  u  projiitiuu  liiU-:  IhmIv  •■1ii<-lly  mihhiIIi  i>n   miIm 

ami  rHiiiliil  i>wlinu-li';  iIi.tmiI  n-ci""  iM'twcfii  I'yi-s  xriil  ciiii>iil  liti  h  illi  wiiiill.  I'liMrji  |irii'kUit;  u  fiiiiilar 
iwti'li  on   liiwiT  |iarl.  <if  diii'k  iiinl  Ih-IIv;  r-mnit   mul   iiili-mrlitlul   n-jrj.m  iiiiktni;  Itmtr  jaw   linked; 

loitp'!i|,  till-  (nv  iilin-  i>lilii|i]t',  iiiiirly  i-tnii^li).  Ii<>it;lir  xf  llii  '_'  in  liiwl;  uiiiil  |-i>iiiltil.  ilK  li-n^li  alHiiit 
L',N  iiihfiMl:  >'Hiicliillniiiiut>',  itHlfii).tli  l.;(in  Iniul;  ]H-<1iirnM>Mii<l.  Iiltli-<')>li<[iii',  itK  l<'ii)[tli  J.ii  in  lii-ail. 

Ciilur  ill  iiliiiliiil.  |iali'  )iniHiii)<h  hIhivi'.  imlcriiii  HJiii'H  mul  Ih'IIv:  »  laivi-  l>liu'kJHli  aivanti  mi)i> 
IH-1..W  UiH-  [.f  .hirwil:  .-lie.-k  ini.l  ■•ntiiv  IhkIv  .-..vvnsi  u  itli  xiiKiil  n.itiulii.li  l.i^.wii  Hti..t>':  >  ilurk  liniwti 
liiii-Hiiii  rliit'k  uiiiliT  i-yc:  J  i.r  '.',  Minilar  liiii'H  riiiiiutiiiji  liui'kuiinl  fnun  eye  Hiiil  S  «tlit'rn  niiiiiini; 
forwunl  fniiii  iri-:  r,  narrow  ihirk  iimn  uinvw  li.iid  ln'tw(>cii  lyi-K;  ii  ilurk  iiKiliun  liiwfniiii  tip  of 
lowt-rJuwli'Vi'iit;  .-'lilrof  xiioiit  witli  :;  vvrti<-al  iiixl  L>  liori/ont.-iH.niwii  linit<;  liii^ul!  |>alf,  the  <-&u>lal 
witi)  ifinwryintr  li^l't  liniwii  liini«  on  Imtn-, 

Thin  H-pwii-Ti  ifi  known  only  fn.in  tlw  ty|«-.  a  !.|"TiiiH-n  :!.-'.  iin^li.-i-  Ioiir.  iiiliiTt.f  I  near  Kihoi,  Maui, 
l.y  Mr.  Itiehar.1  ('.  M.lirtvr.     Ty|M'.  No/.TOS-V!.  I".  S.  N   M. 


30S.  Tropidichthjrs  bitseniatus  Ji-nkiiis. 

I'. S.N.  M.:  ■■.ill.o,  1-.  ,r..|il,iii.. 

I'iiiaiiy  XIV.  Ml)l.ll).E. 

209.  Kanzaiiiia  makun  .Ti>iil<ii)>. 

lin.>»]>4^'ini<'n,  L>  Fit-f  in  l.'nutli,  wa^  si'iit  !<■  Slanfoul  I'nivi'V.-itvr'roni  11 Inlii,  l>v  Mr.  ('.  K.WiJBon 

.1  ISH:;.      Jl  i-  111.-  lyiH-  of  tl„.  HiHi-i,.:-  iin.l  U  N...  Iiiar.,  i,.  >;.  .Ir.  rniv-  Mi.-. 

.tn.i,n-i.i.-.>..,,  I mill, 

KiiniJiy  .\LVl.  IISTKACIIM;. 
SIO.   Ostra<--io»  fnmuruni  .!■  Jikins. 
lol.laiii.-.14xi«H-iiiifiw..f  lliisH|»Ti.-*,  aiKl  :;ar,-ii.  ilu- .'..||,..'ti.>n  iiui.l.- l.y  lir.  W.— I.     They  vary 
n  li-nirili  fmni  II.-''  to  AS'  imin-H. 
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211.  Ostracion  oahuensis  Jonlaii  iV  Kvt'nnanii.     "}fotniMtniin.'' 

Heail  :{.i»  in  leiij^li;  <Ii'pth  iM*;  eye2.Vi  in  liea«i;  srimit  1.2;  iirtiirhital  !.(>;  int*^rorbita!  1;  I).9;  A.  9; 
P.  10;  C  10.  I^Iy  4-si(le<l;  dorsal  Hitleof  carajwut*  t*venly  conwx,  its  jm^ati'st  widtli  one-fr>arth  K»vater 
than  head:  lateral  dorsal  angles  not  trenchant,  slightly  convex  anteriorly,  tlu-n  evenly  convex;  snout 
blunt,  the  anterior  pmtile  ai^ivuding  ahniptly,  then  strongly  convex  in  fnmt  of  eyes;  interorhital  8i>atv 
nearly  flat;  cheek  flat;  side  of  iMnly  cnm^ve,  its  width  aUiut  e«|ual  to  hesid;  ventral  keel  pn>ininent, 
evenly  convex;  ventral  surface  nearly  flat  jx^-teriorly,  but  little  convex  anteriorly,  its  greatest  width 
1.4  times  length  of  hea<l,  its  length  just  twice  its  wi<lth:  gill-o|jening  short,  n«»t  ex(ve<ling  two-thinls 
tiianieter  of  eye;  least  width  of  anterior  oj>ening  of  carapaci*  l.To  in  inten»rbital  or  1.5  times  diameter 
of  orbit,  tlie  depth  nearly  twitv  orbit;  month  small;  teeth  rich  bn>wn:  least  depth  of  |Kisterioro|>ening 
of  carai>acv  much  less  than  wiilth  of  anterior  ojK^ning,  eipialing  distance  from  hiwer  e<ige  of  preorbital 
t4>  pupil;  length  of  caudal  i>e<luncK'  li*ss  than  that  of  head,  its  «iepth  '2.2  in  its  length;  no  spines  any- 
where; dorsal  tin  high,  its  e<lge  obli<|uely  rouniU^l,  its  length  1.8  in  head:  anal  similar  to  dorsal,  the 
etige  roundetl,  its  length  1.2  in  dorsal;  c*audal  slightly  roun<ieil,  its  rays  nearly  etjual  to  head;  pectoral 
with  its  free  edge  oblique,  the  rays  suci'esaively  shorter,  length  of  fin  e<]ual  to  height  of  dorsal. 

Color  in  life,  tlark  br«»wn  with  blue  tinges;  int<»rorbital  sjiace  showing  more  or  less  golden;  small 
whitish  spots  profusely  covering  entire  dorsal  surfa<*t»;  no  s[K>tj?  on  side  of  Ixxly  or  on  face;  no  spots  on 
ventral  surfa*^?  except  a  faint  one  of  a  slightly  darker  (xdor  than  general  gray  c«»lor  of  surface;  one 
longitudinal  row  of  golden  sj>ots  on  eai'h  side  of  upptT  jwirt  of  <-audal  i>e<hincle  from  carapace  to  base 
of  i*audal  fin;  (>ectoral,  anal  and  dorsal  fins  with  transverse  rows  of  faint  sp4»ts;  caudal  bluish  black  at 
liase,  white  on  posterior  half;  a  broad  light  or  yellowish  area  below  eye;  iris  golden. 

Color  in  life,  upper  |>artj<  dark  brown,  with  shades  of  olive:  lielly  brr»wn;  sides  of  IxkIv,  back,  tail 
and  caudal  fin  covere<l  with  bright  blue  s|>ots,  mingle<l  with  which  are  dark  brown  s]>ots;  fa<'e  and  top 
of  hea«l  and  snout  with  bright  blue  lines,  l>etween  which  in  region  of  the  vyva  is  goMen;  cheeks  and 
below  with  close-set  dark  blue  lines  and  with  dots,  the  ("olor  of  which  is  nearly  white;  Iwse  of  anal  blue; 
outer  |K»rtions  of  dorsal,  anal  an«I  |>ectorals  transiiareut,  with  golden  tinge,  a  very  brightly  «^)lored  fish. 

Color  in  ah*ohol,  rich  bn»wn  alx)ve,  sides  darker,  ventral  surface  paler,  brownish  alxmt  margins, 
dusky  yellowish  within;  entin*  l>ack  with  numerous  small,  roundi.'-h.  bluish-white  sp<>ts:  up{)er  half  of 
caudal  peiluncle  with  similar  but  larger  siM)ts;  forehea*!  and  snout  dark  bn>wn:  lips  brownish-black; 
cheek  <lirty  yellowish;  si<les  and  ventral  surface  wholly  unsjK>tte«l:  l>ase  of  (*audal  blackish,  paler 
distally,  the<lark  extending  farthest  on  outer  niys:  other  tins  dusky,  with  some  olis<*ure  brownish  s)>ots. 

This  si>ecies  is  reiate<i  to  O.  fftiminnn  Jenkins,  from  which  it  differs  in  the  smaller,  inure  numerous 
spots  on  l)ack,  the  entire  aV>sence  of  sjK)ts  on  si«le.  the  smaller  size  «»f  the  s{»otson  the  c:iu<lal  pe<iimcle, 
and  the  brighter  yellow  of  the  sulK)rbital  nnriiai.     ( )nly  2  s|K'<-imens  known,  l>oth  from  Honolulu. 

Type,  No.  50»><>S,  {'.  S.  X.  M.  ( fieM  No,  (KU4:i).  a  si>e<imen  .5.i>  inches  long,  obtaine<l  by  Jordan  & 
Evenuann,  July  2.'>,  19<H.     Cotyjie,  No.  747s,  L.  S.  Jr.  I'niv.  Mus.  ( tield  No.  21.i<)),  5.2.5  inches  long, 
e«dlecte<l  at  Honolulu  in  is^S  bv  Dr.  \Vo<m1,     The  siHH-ies  was  not  obtainM  bv  me, 
Oftrfiriim  **#»Aii/ «*/>  Jonlan  A:  Kvrrniann.  Bull.  1".  >.  Y\A\  V**u\\\\.  for  lUUiI  <  April  11.  iy<«i.  Jill.  Honolulu. 

212.  Ostracion  lentiginosum  Hl<N-h  iV  Sihneider. 

Two  spivimens  (5  ami  5.4:5  inches  in  length  )  obtaine*!  by  me  on  the  roral  reef  at  Honolulu. 

(htrnrhtn  Ifnto/iintfum  Bltx-h  6i  Schnei«ltT.  S>>t.  Ichlliy..  iVol.  lM)l._Imlif>. 

tMrfit'iiiu  jomrtntuM  >U'iiu\Hv\\i\i.'T.  lK*nk«».  Ak.  Wi<*.  Wit-n,  i.\X.  MT.  19iO  <  Honolulu). 

213.  Lactoria  gtdeodon  Jenkin.s  new  sjiecies. 

Head  2.S  in  length:  depth  2;  eye  2  in  hea<l;  snout  4.5;  interorhital  1.2;  D.  9;  P.  11;  A.  8.  Cara- 
j>a<v  4-sideil;  a  pair  of  long,  slender,  sliglitly  divergent  spines,  their  direi'tion  slightly  upwanl;  a 
similar  pair  terminating  the  lateral  ventral  angles,  h<»rizontal  ami  not  <livergent:  mitldle  of  liack 
with  a  stn»ng,  compn*sse<l.  triangular  spine,  notche<l  on  p<jsterior  lx)nler,  pnjje<*ting  slightly  backward, 
and  resembling  a  shark  tooth;  snout  short,  the  anterior  profile  ct)ncave:  dorsal  lateral  angles  little 
convex,  the  ventral  angles  more  convex:  12  plates  along  its  e<lge  from  snout  to  spine;  8  plates  in  lateral 
dorsal  angle,  no  spine  at  its  middle:  ventral  surfa<:*e  with  11  or  12  plates  in  longitmlinal  ine<lian  series, 
7  in  transverse  series. 


41SS  ni'i.Li-n'iN  <iK  TiiK  iisitp:i)  statk.s  kish  (n)mmissi(>n. 

tutor  ill  :i1.'nli..l,  .linv  v<-ll<-ui:<li  .'i'  .•1iv;ii'<-<>iiH  iiU.vi';  mi.l.lli-  ..f  .'i.l.-  willi  >in  .il.lont!  ilark  iir 
l>la.-kiMi  im-j;  vi'tilral  wirfitn.  y.-li..Hi>.ii. 

diwly  r<-UilcI  I.,  till'  I'jifl  liiiliaii  Mpi-.-ii-H  O.  .rmphninii  I!Iih-Ii  iic  SihiK-iilcr,  fiimi  wliidi  it  in  rradily 
(liHliiiiriiishiil  by  till-  i-iitin'  iiIi?h.-iii'i<  <if  itiiilhiii  Hjiiiii-M  I'li  Ilii^  lutiTiil  vi-iilnil  kit-l.  Iiy  the  Imiici'r  hihI 
iitr)ii)cl>l<'r  frontal  mid  vciilnLl  r^|>iiii's.  tin-  i-liiir.i<'ti-r  ■>(  'lorstil  s]>iii>>,  iirul  tlit-  iijiuiuc  timiiiiut'. 

A  pIiikIi'  siHi-imi-ri  nii.'  i>lit:iitj>>>l  1>y  mi><  in  ISSt).  li  in  1.;{  it»>licH  in  tolul  IciikIIi  .iikI  id  titkfii  on 
tlie  tyiM^.  N'u.  ,^>t)7IT,  I'.  S.  N.  M.  Tli.<  r'|H-,'i]ii.<ti>'  r<-<'or.<<-<l  from  l^iyKiu  iiml  I  Liwuii  l>y  SlfiiMlui-hiif  r 
prvilnlily  ln-loiin  to  Iliif  sjn-i-ii-:'. 


iij[iiii>  \i.vii.    iiiuiiitMiip.i:. 

214.  Diodoii  nuditi-ons  .[<>iikiii~.  ii<-u  >-]x'i'ii-i<. 

II,  ir.:  A,  12;  (on-li.a<Uli<[>liii.'iL].u'im)  fn.in  ^noiit  iit  iiiid>-oi' iil.Mit  4^°:  iiilt>ri<r1>itHl  I.:l  in  li«wl; 
Hpim-M  iiiiR'Ily  >liiirt.  imt  IriniriT  lliiiii  i-yi-.  >'\i'i-pt  IlirjH-  iKirk  iit  ix-i-toiiil.  tli><  lon^i-st  uf  uliichun;  t.t\\w.\ 
UAfW^U  uf  tii-i-ti>r.il  aa-.\  iilmiit  'I  in  ln-iiil:  tiu  F^iiini-f  mt  Fun- In -ml  U-lciu  li-vi-l  of  ii]i]H'r  iii:ii>;ltit<  iif  cytw; 

f.in-iiiosl^'fitK'xof  lii'iiil  fi'wiiii'Uliurt;  Inwl,  lia'.'k.  siili-s.  all  lln- liri^  anil  lli>>  iiifiiibm x  xht^tliH  of 

ttu-  ^1.1111-^  c'ln.<,>ly  ...i.-ivl  %villi  Miiiill.  n.iiiKlish.  I.liu-k  ^-i-'ts.  ii,ii.-li  >'iii:i1l..|-  lliilti  t>ill.il:  Ix-low  l<alf;  n 
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bn>W!i  lnuul  from  Wow  j;in-o|H'niii»r  forwanl  alon«r  lower  anjrlo  «»f  \n*iii\  to  )m*Iow  rvr,  tlu'ii  arn».»«« 
tliroiit  foiitinuoUH  witli  «*orrt'S|Mmdiii};  Iwind  of  «>pjH><ite  Mv.  Known  only  irotn  «»nt'  s}M*4>iin<'n,  21 
inc'hi>f  lonjr.  ohtaintNi  hy  nir  at  Ilonolnhi.     Tj'jk'.  Xo.  5()S54,  I'.  S.  X.  M. 

215.  Diodon  hystrix  Linna-UH. 

One  larjre  siRvinien,  25  inclu^i?  i!i  lenj^h,  wdt*  obtaine<l  frt*sh,  and  «»ne  smaller  s|HH"imen  wa^*  obtained 
bv  the  Alff^itntM  in    iSiHi.     It  is  not  verv  etimnion  at  IIon<4nlii  when*  the  natives  ns«*  it  ;t*<  Uhh\,  bnt 
repinl  it  ;is  |M»is<»nous  nnles:ri  reei'ivinir  certain  treatment  in  e»M>kin^. 
IHinInn  hiii4iix  Liiiiiaiiv.  Sy-t.  Niil  .  (h1.  \.  :kV».  IT'*.**,  liulijr.  JJiintluT.  ("at..  Vlll.  :tUi;.  l^Tu. 

Family  XLVIll.     C1KKHIT11).4:. 

216.  Cheilodactylus  vittatus  (iarrett.     "  Kihihipu/^ 

This  interesting  form  Wits  »U»S4TiKHl  l>y  ( larrett  in  lS<kS  from  a  single  siH.M*iinen  wliich  now  seems 
to  Ik'  lost.  A  copy  of  <iam*tt's  {xiinting  is  given  in  (Juntlier's  Fis<*he  *ler  Sfnlstv.  The  sinriea  had 
not  ))een  seen  again  until  a  single  sfieeimen  WiLs  t^iken  by  Professor  St'liauinsland  in  1S97,  an*l  re<M)nU»<l 
by  Steindai'hner.  The  sj)eeimen  hen*  re*'onkHl  was  eolleete<l  by  l>r.  Rosensteni  an<l  j»resente<i  to  the 
California  Aeademy  of  Sciences.  It  agnH?s  fairly  well  with  <Tarrett's  tigun*  rei)nHhice<i  in  Fisclie  <ler 
Sudsee. 

Head  8  in  length;  depth  2.6;  eye  .S.2:  1).  xvii,  2^*;  A.  iii,  7:  lateral  line  l.tv^;  maxillary  not  reach- 
ing anterior  margin  of  eye;  no  tei*th  on  vomer  or  palatines;  liands  of  villiform  teeth  on  jaws;  oj)er»'le 
an«l  preoi)en"le  entire,  the  angle  of  oi)en*le  ending  in  a  weak.  Hat  spine;  dorsal  outline  rising  abruptly 
from  iiiten)rbital  space  to  Iwseof  finirth  dorsal  spine,  to  a  height  aUiut  thrtv-tifths  the  length  of  hi^ad 
alK)ve  the  eye.  Sinct»  the  fourth  d<>rsal  spine  is  very  high,  aUnit  equaling  length  of  head,  when  the 
Ibi  is  raise<l  the  rtsh  haw  a  i)e<*uliarly  defnrnuMl  apjK'arance.     I^*ngth  <»f  s|K»<'imen,  5  inch(*s. 

The  alcoholit"  s|KM'inien  shows  4  bla<'k  Iwrs  acn»ss  the  head,  the  most  anterior  a  small  black  area 

over  the  anterior  end  of  snout,  the  second  not  complete,  piu^sing  over  forehead  along  anterior  margin 

of  eye  i»n  the  cheek,  ending  near  angle  of  pnNj|>enle;  thin!  across  head,  running  olilitpiely  backwanl 

thnuigh  |M»sterior  }M)rtion  of  eye  and  en<ling  just  Ik-Iow  mid<lleof  ojH'rcle,  the  black  at  Iwiseof  jHH'toral 

and  in  axil  in  line  with  this  as  if  an  extension  of  it;  two  )»road  bands  nn  IhmIv  slightlv  bmailer  than 

eye,  the  first  including  the  lirst  'A  dorsal  spini»s  and  luu^e  «»f  fourth  and  running  obliquely  luickward, 

ending  on  l>elly  just  In-hind  origin  of  i)ertnral:  tlie  second  Ijeginning  at  tii>s  of  fourth,  fifth,  and  sixth, 

reaching  IhkIv  at  hixsn'  of  ninth  spine,  rimnimr  along  dors;il  si«le  <»f  IhmIv  covering  remainder  of  <lorsal 

spines  except  tii>s,  coming  to  lie  almost  wholly  on  ImmIv  Ih'Iow  soft  dorsal,  just  ini'luding  lxL«<t»s  of  it« 

rays,  the  batid  covering  caudal  jKHluncle  ex<vj»t  a  narrow  space  on  ventnil  si<leand  exten<ling  on  lower 

IoIh?  of  caudal:  j)ectonil  black.     The  ptirts  of  the  Innly  an«l  tins  not  inrluded  in  the  Iwnds  descril>e<i 

are  white  in  alcohol. 

Chtilinlarti/iiiit  vittntu.t  HattvU,  Proc.  Calif,  \r.  .<<•!.  \^\,  lUo.  Hawaiian  I>laiiii«5:  <iinithrr.  Fix'hc  der  Suds«M\  73,  taf.  u.  rtjc. 
B,  1S73  (Samlwi<'hIslan<l.s,<;arrftt,onosiH'<'iinfn  >:  St*Mn«lnrh!i»T.  Pt'iik^.  Ak.  \Vi«;«..  W>i-n.  i.xx.  IW.  ivtUh  Honolulu). 

CIBBHITOIDEA  JenkiiiB,  new  genus. 

C'irrhltindea  Jenkins,  new  genus  of  drrhitid.r  [himnruhi). 

Xo  ])alatine  teeth;  teeth  on  vomer;  jaws  with  narrow  ban<l  of  small  caninc»-like  teeth;  intennax- 
illary  <lenticulate;  preoi)ercle  finely  t<K)thed;  dorsal  single  of  10  spines  and  12  rays;  the  5  lower  niys  of 
jKM'toral  simple,  the  upi)er  of  which  is  elongate,  l.S  in  head;  snout  long,  ]M)inte4l,  .S  in  head. 

This  genus  is  allitnl  to  ( KnjrirrhiUn  Bleeker,  from  which  it  differs  chiefly  in  the  shorter  snout. 

217.  Cirrhitoidea  bimacula  Jenkins,  new  siKH^ies. 

]lea<l  2.0  in  length;  depth  '.\\  eye  4.(>  in  head;  snout  .S.S;  maxillary  2.7;  D.  x,  12;  A.  iii,  «>;  si'ales 
3-37-7.  liiMly  short,  dt»ep  and  comj>resse<l,  the  dorsal  profile  strongly  arch«Ml  from  tip  «»f  snout  to  Im*^ 
of  first  dorsal  spines;  Iwick  very  narrow,  trenchant,  ventral  outline  nearly  straight;  head  rather  long, 
pointe<i;  snout  longand  jx>inte<l;  mouth  mo<ierate,  slightly  oblique,  the  jaws  equal;  maxillary  reaching 
pupil;  jaws  with  small,  close-set,  I'anine-like  teeth,  small  teeth  on  vomer,  none  on  i)alatine»<;  preojieri'le 
serrate;  oj>ercle  ending  in  a  long  flap;  fins  rather  large;  dorsal  si)ini^  slender,  wejik,  their  length  equal 


4!K)  BULLJrriN    itF   THK    I'MTEP    HTATKS    KISII   01  llfMI«flION. 

Ill  <lisliiii<'(>  frciin  tii>  of  Knuiil  to  iiii<l<11i'  <>f  |iii|>ll:  ilnr^il  ntyx  smnt-wliiit  i>li<>rii>r;  w<mi<l  nnal  xpine 
loiiKi-sl.  iilKiiit  <H[iiul  t(i  l.iii)!f>^l  iiiiTfo.]  s].[iii':  :iii:il  !'|.Jiii'N  HiiitiUr  t<<  IIkw  i>f  Mift  ilonul:  i-aiiiUl  I'liKhtly 
r..iinil.'.i;  v.'ntrulH  rathi-r  luiiit,  iriioliiiijr  iKifil  vfiil;  }HH-li>nil  m.-iiTuli-.  Ilii-  tiii<l<U<'  rayw  ImiKtwt,  alNnit 
l.L'  ill  hiTuI;  ik-aliT  mtluT  larv'i-.  IuIitjI  lim-  roiiiplrtv.  iH'niTiiiin;:  :kl  iipjH-r  rmi  i.f  )til]-o)H-i)iiitr  and 
run  nil  i|!  a  liltli-  iiiiun-r  ili-r^il  nutliiu-  )MWtiTii>rly:  siiiIi'h  i>n  iia|H-,  hniiwl,  Auvk  ami  niHTi'lf. 

t'oliir  ill  liti',  almiit  10  n-.l  iTr.n-liiiiiriH,  wmii-  nKuiiin;  into  i-ai-li  otlur,  wliitixli  Im-Ium-ii;  irix  bright 
ro<l:  lila<'kK|><itim  <>\-.-t.\<:  l>la.'k  »]>.>t  on  Nnly  .':tti-]i<linti  xoTiK'what  on  ilonuMln  at  lati- <if  t-JKlith, 
iiiiilh.  ami  It-nth  «ilt  rays.  III.-  .niK-lianil-  ..i,  U-iy  .■xt.'ti.linn  <>n  .l.ir«il:  |>iK-toral.  wntrali-.  aii>)  anal 
n-LliHii;  vi'titnili'  aii<l  aual  wttli  .liir-ky  li|.r<. 

Color  in  uL-oliol,  .lii^ky:  NhIv  rr.iHM-1  liv  aln.iit  7  mtli-T  l.nai.l.  .lurk.-r,  wrtiwl  hare,  the  llrxt   nt 

oriuiii  of  .Inrsiil,  Hi'.'oiia  iiii.l.-r  iiii.l.Ui-  ..f  HfitiouH  .lorHil.  IliJrrl  l.-r  k-uinriiiitc  of  w.ft  .loreul,  Wt  two 

on  i-AUilal  iNili)ii<-]i>:  licai)  rliiiiky  Vfllunisli;  u  laruc  liniwriipli-liliirk  sjHit  mi  o|ii-n'U>:  another  liLiyi*, 
niiiml,  limwnii'li-Ulurk  fiHil  on  sirli>  uIkivi-  lati'nil  lim- luxl  iiiiih-r  [HMti-rior  tliini  of  Moft  itiirawl;  linti 
wniirwhat  dimky,  lli<-  iiiiul  ilarkitH. 

Thin  <l<wri]>lion  m  IihmhI  on  tlic  lyiMJ,  Ni>.  .'MITti:;,  I'.  S.  N.  M,  (li>4<l  Xo.  iTri),  2  iw^iai  In  l«nirtli, 
ami  ont-  <->ity|>u.  iH.Ih  t.-ik«'[i  hy  nx-  in  living  i-oral  at  II hilti. 


218.  ParacirrliiMs  forateri  iS-hiiricii-n.     -Il.lni.llih-i":  ■■filihui." 

(■.ih.r  ill  hfiMlirlci  No.  Wii,  ■'ih.i^  mm   lit>,.|Li><l  faci- v.tv  hriitiil   r.-.!;  on  ■i|«'r.-l.'«.  |.rc<.(*n'k«  ami 

iHKly  ill. iv>' till-  iHi'lonil.  n-lunil  liUirk;  'Iiin  mul  llmiiLl.  n-.!:  ..n  Iflly  iih  funis  v>-iitral  tliiM,  rv<l 

mill  l.lark;  .in  iii.iht  jwrl  of  ]«B-ti'rior  Imlf  of  Ik.Iv  aii.l  (■miiliil  i«ihiiirl.-,  ii  mw  ..f  lunm  hlai-k  [iul<-h«« 
fiisiiiK  itiro.ini-Hiiothfr;  iris  n-il;  ilortvl  liiis  n»l.  the  limt  wilti  dusky  cuter  luarKin.  Ilu-  Miimd  with 
tui'iiihraiii';'  <liisky  in  gurls:  I'HiKliil  nil;  rays  of  |H>>'t.>ral  n-<l,  »'it1i  r<-\  sjh.Is  mi  its  Ihisc  uiiil  in  itx  axil; 
vrntral  y<-llo\«;  rays  of  iiiiid  yellow  with  <tiisky  ini'inhniiK-s. 

T<tiH'KUNi|ili's,frmii 4. T-'ilo :.:!.'•  im-lii's in  len^'lli.  Mliniin>'<l  hy  iii>Miii<Uivi'.  4,-1  In. '<.2.'>in<'lini,  taken 
l>y  Jonluii  &  Siiyil.T.     ('..iMinnn  jit  M. Inhl.  ill>|»iiriii:.'  in  tiunil..'r>'  in  Hi.-  niarki-l. 


.i.w.ii>(.»Lii(.mt.A. 

iiv.<K  BuU.  I-.  K.  Nat. 
iiilinHilalii):  fowler. 
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219.  Paracirrhites  cinctus  (iiiutlu'r.     ''Pilihui'';  ''(ht/mkn  haihai."^ 

Color  ill  Hfe,  upjK^r  part  of  luiu!  «lark  with  nuiny  Hiiuili  !)lue  <lot*«,  lower  part  witli  larjje  blue  ami 
re<l  (lot**;  IkhIv  bark  of  fourth  spiiir  with  4  ])roa<l,  ]>n^lit-ri'<l  rrosfbands,  atiterior  oiu*  iiiiiigle<i  with 
})rowii,  the  spaces  l»t*twtH'ii  the  baiuls  white;  <lorsaI  tin  n^l,  ineinbnines  at  tii>H  of  spines  trannparent, 
except  the  tilainents,  whi«*h  are  brijrht  ml;  breiist  whit*' with  jroMen-brown  spots;  camlal  nni;  anal 
transjjarent,  with  olive  and  re<i  niarkinp*;  ventral  rays  re<l,  membranes  white;  j^ectoral  rays  with 
bn»wn  sfKits,  membmni^s  transpan'nt. 

Thirtivn  exatnples,  from  ."{.H  to  4  inches  in  length,  were  obtained  I.  .Ionian  «.<:  Snyder  colleete<l  live, 
I^..')  to  4  indues  lon^.  This  very  iH'autiful  little  tish  is  (piite  abimdant  at  Honolulu,  some  sj)e<M mens 
I >ein*r  almost  always  pres<*nt  in  the  market. 

rirrhitm  I'iuctmt  liimXhvT,  Cat.,  ir.  7:i.  \XC*K  Hawaiian  Islands.  Ma<la»;nH*ar.  Nh'  t]v  Franc*':  (liinther.  Fis«"he  «1«t  SiMlj»et»,  n. 
7'2.  i»l.  .VJ.  tijfs.  A  an<l  B.  I.**74  (Hawaiian  Islands  an<l  ManritiU"):  Sicimlachncr.  Denks.  Ak.  Wiss.  Wirii.  l.xx. 
49U.  19U(»  i  Honolulu). 

220.  Paracirrhites  arcatus  iCuvier<fe  Valenciennes). 

Color  in  life  (field  No.  92),  Innly  suffuse<l  with  re<l,  be<N)minj^  brighter  toward  the  dorsal  and 
posterior  j)ortion;  spinous  dorsal  bright  re<l;  lower  jiart  of  soft  <lor8al  re<i,  mend>ran€»8  half- way  out 
dusky,  the  outer  i)ortions  colorless;  (*audal  rt^l,  pectoral  and  ventral  pinkiHh;  the  anal  fin  and  anteri(»r 
V)or<ler  of  vent rals  olivaceous;  lii*»  bright  re<l;  a  small  art»a  l)ehin<l  eye  l)onlere<l  by  an  irregtilar  line 
nia«leupof  Scolors,  very  bright,  the  outer  blue,  middle  red,  inner  orange;  nof»tri Is  orange;  8  or  4  bright- 
yellow  orange  spots  on  sulK)pen*le. 

Another  from  which  the  one  descrilKHl  al)ove  (^n  not  Ih'  distinguisheil  structurally  is  of  much 
lighter  general  color  and  l)ears  on  the  posterior  portion  of  IhkIv  and  on  caudal  i>e<hnicle  a  w  bite  longi- 
tudinal lxin<l.  The  two  forms  an*  constantly  found  together,  and  are  <loubtless,  as  (liinther  thinks,  «>f 
the  same  s|)ecit*s. 

i'irrhitett  nrratuit  Cuvifr  «fc   Valenrifnn«*s.  Hi».t.  Nat.   Toiss..  in.  71.  l.vil*.   Islt*  i\v  FraniM':  <trmth<>r.   Fisr'he  der  Snd>*et*,  if, 

70.  [il.  49.  Hrs.  B  and  r.  Is7l. 
f'irrhitf)'  {Ainbltfcirrhihx}  «i-r*i/i*j»  Sl«Mndai-hntT.  THMiks.  Ak.  \Vis«.  Wicn,  l.xx,  liKH».  4VH>  i  Honolulu). 

221.  Cirrhites  marmoratus  ( l^ct'ixVle ) . 

Color  in  life  (field  No.  Tti),  general  color  light,  nearly  white;  lH*lly  white  with  dark  cloudings 
over  upper  part  of  IhmIv;  gol<len  yell<>w  vertical  liars  on  upiKT  lip  and  wavy  .strijies  of  same  color  on 
head;  golden  sjKJts  on  th*'  posterior  part  of  ImmIv;  sjxds  on  i)osterior  jnirtion  of  ImkIv  an<l  on  verti<«l 
fins  bright  hmI;  iHM'toral  and  ventral  fins  pale  pink;  iris  re<i. 

This  species  is  caught  with  ('.  jor.-<tt'rij  and,  like  it,  is  an  abundant  and  important  foiNl-fish.  1 
obtaine<l  f<mrtiM.*!i  sjKH-imens,  4.H  to  S..'>  inches  in  leuirth;  three,  5.S  to  ♦>.♦»  in<'hes  in  length,  are  in  Dr. 
W^mhI's  ci>llection;  an<l  <die  was  obtaineil  bv  Jordan  tt  Snv<ler. 

Ltibru*  mixnnnrntuit  LacoinlMU-.  Hist.  Nat.  Poiss..  ill.  \\fl.  \t\.  .'>.  lit?.  :^.  INOI. 

Cirrhih'n  wnruhitun  IjK'o[H'<lf.  v.  '.\,  IHUJ;  (Jiinther.  FL-iche  dt-r  Siidsf«*.  iii.  71,  pi.  .=>!,  \\k.  \.  1h74  <  K<h1  Sea.  cast  coa8t  -\frica. 

Hawaiian  Islantl.s,  .<4H'ifiy  Islands.  (NM>k  Island). 
Cirrhitichthi/ti  timm Int n n  (ii\nt\u-r.  Cat.,  ii,  74.  lx«K}  i  Hawaiian  I.slands.  India.  Polynt-sia.  Isle  <!e  France). 
Cirrhiti*  [f'irrhitirhtht/M)  ma/*i*^i/»/x  Stcin«lachncr.  Dcnks.  Ak.  Wis-*.  Wien,  Lxx.  1900.  490  i  Honolulu.  lAvsan). 
CirrhituitaltrnnituiHiiU,  Phm'.  Ac.  Nat.  .S«i.  Pliila.  IHiiJ,  122  (Hawaiian  Islands). 
CirrhittiA  mnnnorfU fnHixM.  I*roc.  Ac.  Nat,  Si'i.  Pliila.  \><tV2.  107  (Hawaiian  Islands). 

Family  XLlX.     C.\RAC.\\THID.€. 

222.  Caracanthus  maculatus  ((tray). 

Head  2.t)  in  length;  depth  l.fi  to  2  in  length;  snout  2.25  in  hea<l;  eye  4.3  in  head,  sul>orbital 
e<]uals  eye;  D.  viii,  12.  BcmIv  deep,  short,  compresse<l;  pnifile  from  tip  of  snout  to  before  center  of 
eye  almost  vertical  in  large.«t  siXH'iinens,  fonning  a  conspicuous  angle  liefore  eyes  with  profile  of  hea<l 
above  eyes,  which  rises  sharply  to  a  gentle  curve  to  front  of  dorsal  fin.  In  small  sj»€M»imerLs  (1.1  inches 
long),  profile  nmch  mon»  inclinetl  from  tip  of  snout  to  liefore  eye,  forming  a  continuous  curve  with 
jiart  <if  profile  alK>ve  eye  from  tip  of  snout  t4i  front  of  dorsal  fin;  some  of  intenne<liate  sizt»s  have  pro- 
file below  eye  inclined  but  forming  angle  with  part  aliove;  greatest  depth  through  front  of  dorsal  fin; 
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niniitli  In'Iow  niiil-luM^itiiditial  liiK' <ii  iNiiiy.  so  tlint  ventral  pnilili*  <if  lirail  is  iiiiich  Icsh  convex  than 
Unrsal:  luick  of  front  of  I mxIv,  dorsal  and  Vfiitral  outlines  almost  syiiinirtrit-tilly  conwiyiii^  in  f{f*iitlc 
nirvi'S  to  l»;isi»  of  itiiitlal  iKNlniicle;  <l(»rs;il  mrvatnii'  nieotinir  |K"dunrh»  in  advanc*'  of  vontml  nirvatiire, 
so  tliat  |M>stt'rior  end  of  ]uu]y  is  unsyinnK'triral  and  the  {HMlnncIe  in  most  siH^'imens  is  lient  84tini*what 
npwanl;  d'4»th  of  (>an<lal  ikhIuiu'Ii*  at  base  7  in  U*n>rth  of  iMMly;  4  in  >rn»atest  depth  of  IkxIv;  mouth 
short  and  somewhat  o)>1i(|ue;  lips  nH-tan^Miiar,  lK>in^  straight  in  front  and  on  sides;  t(*eth  in  jawH  in 
kinds  in  front,  villiform  in  M]»}H*r  jaw  and  an  outer  series  of  very  slightly  enhirv^nl  tiH'th;  no  tM*th  on 
vomer  or  palatines:  |K)sterior  mai->:inof  oprreK*  run  nin^rfnimaln  »ve  down  wanl  and  f<»rwanl,  not  n*a<*hin^ 
to  |H»steri(»r  marv:in  of  ^nl]-o|KMiin«;  and  leavin*;  Itranehioste^als  exiN)se<l  on  side  of  lunul,  2  flat  Hpint*M  at  it:< 
anjjle  near  up|H"r  end  of  gill-slit;  posterior  limh  of  pn»ojK'rele  with  r>  ihit.  short,  wide  Hpinfft,  the  lower 
twi»m«n*esl<'nder,  idon^ateand  eurve<!  upwanl;  intero|H'n"lewitha  lotijr,  stn»n>rHpinedinrt«Ml  liai'kwanl; 
priMirhital  with  a  larjre,  flat  spine  directed  dowiiwan!  a!ul  Iwiekwanl,  lyinjr  in  jrroove  a)N»ve  niaxillun' 
and  eloM't«)it;  eyi*  almi»st  cin-uiar,  nr  elliptical,  with  lonpT  diameter  vertical;  horizontal  len^h  of 
Sluice  Kick  <»f  eye  l.s  in  K"n;:th  from  tip  «)f  snout  t</  an;:le  of  ojM*rfle,  wliieh  is  a  very  ohli(|ue  lini*, 
aiivile  of  An'^  with  line  from  miildle  of  eauihd  iHMhnu'Ie  !•>  middle  of  i;reat(^t  depth  of  InmIv;  intemrliital 
Hat,  !iarrow,  t)iret»-lifthsof  eye;  ni»strilsof  tHpial  size,  pi »st«»rioralM>ve  anterior,  eaeli  witli  slightly  ruistnl 
nmr>rins  formin*:  very  sliort  tuU>s,  anterior  with  elon^at(>  tlap  on  upiH*r  mar^rin;  liead  and  ImmIv 
s<*aleleHs;  skin  of  lnHly  everv\\h«»re  roujrhetmi  ))y  munerous  minute  warty  oh^vationp;  top  of  head 
<'overe<l  with  small  roujrh  ossitications,  sjKH'ially  lanje  »»nes  reaehinjr  from  l»etw»H»n  eyw  t<^  najH^;  other 
jMirts  of  head  an<l  hody.  «'SjH*cially  f«ire  part  «»f  hark,  tiuidy  villous,  villi  in  some  very  nniall  and 
ineonspieuous,  in  others  eompanitively  larp*  and  prominent;  lateral  line  lK*u:inninK  aU>ve  up|>er  end 
tif  jjfillHipenin*;,  deseen<lin^  with  i^entle  convexity  upwanl  to  ndddle  of  )uiS4>  of  caudal  |H!NUinele, 
olisolete  on  ptMluncle  in  some,  in  others  exti'iidin^  in  stniiirht  line  to  end  of  )MHhnu*le;  dftival  Hpinen  all 
short,  the  tifth  lon;rest,;i.«J  in  heuil:  the  first  very  sht»rt.  s»M'on«l  to  tifthahruptly  lon^>r and  of  almost  e<jual 
height,  thf  next  :!  re«;nlarly  descending:  a^ain  to  si/e  of  first;  soft  tlorsal  higher  tlian  Hpintius,  undiile 
rays  lon;rest,  2.«»  in  heail.  The  tle^nn*  of  separation  of  the  t»v«»  parts  of  dors:il  lin  varii's  mn^iderahlv. 
In  Mime  s|»ecimens  the  two  an*  definitely  discontinuous  and  in  some  <listinctly  continuous,  while  most 
of  them  are  intermediate  in  this  re«rard,  so  that  prohahly  the  ty|K"s  of  tlu»  s|H*cies  M.  ninruiattiM  iinxv 
and  M.  nnifiiium  ( Jr.iy  are  simply  two  extn-mes  of  the  same  species,  since  otherwise  they  do  niU  differ 
Caudal  tin  roun<led,  median  rays  .'>  iu  lenjrth  of  hody;  hase  of  lin  covt^nsl  hy  skin  of  |HMluncIe;  )KH-tr)nil 
rays  directiMl  upward  and  hackward  at  an^le  of  l.">^,  middle  ones  longest.  <5.S  in  length  «>f  ImmIv. 

Color  in  life,  head  and  hiwly  tlnd»,  lii^hter  Udow,  covered  with  small,  )>ri^ht  ri*<l  H|N)t>i;  (iiiH 
umnarke<I. 

Nine  sjMM'imens,  l..'>ti»  l.7."»  inches  in  len*rth,  were  taken  from  j-oral  heads  on  the  reef  in  fnmt  of 
Honolulu.  This  spi'i'ies  is  «|uite  comm(»n  among  the  hninches  of  coral,  when*  they  tiiv  ho  aide  to 
hideanti  fasten  themselves  that  thev  are  dislixlgrd  with  ilitricultv. 

Mirminis  iimriiinf  us  i,ni\ .  Ziml.  Mi>«rlliiny.  JU.  \^'.\  ■  Owailii  :Om1  IIjii»;;  JJiiiiihiT,  <',tt..  ii.  147.  lSii4>  lUWHihi  lUiil  llaoi;  Kiiiclii* 

«li-r  Siul-MT,  III.  v"i.  1^*71  i( 'talu'itf  ami  Saiiilwirh  I^lamNi. 
Mirrujms  iinii>inn'i  <Jray.   Z»>«>1.  MiM-t'llniiy.  Lli.   ls:51.    I'arilir:  GmiiIIiiT.  <'at.,    ii.    117;  1m4»:   Ki.«M'hi'  diT  Sihi»<«f,   ll,   n;,  ijiTl 

■  .Simlwirli  l^laml?..  Otalu'iic.  Va\au.  Fiji.  IN-li-w,  Ma«hin»  . 
rfinti'iinlfiui*  ti/iii'ii.'*  Kn»ytT.  Natiirlii'-t.  TiM.t-'ks..  i.  'jr>laii<l  •_*»»7.  Isll. 
Aiiii>l>iiiiioiiirfitfi!/x  tii>i/ttijt  HU'i'k«'r.  Nat.  Ty»N.  N«m|.  Sml..  Viil.  170.  lS.Vi    <'»ii-o«j  I-laiuls';  (iniilhiT.  <'iit.,  U.  Ml,  iMKl  iKukiiN 

IslaHilsi:  Kiut.  Sil/Ji.  .Vk.\Vi«'<.  Wii-ii.  ISi**.  17.  |»l.  in.  fij;.  s. 
r,  utit'iiiii^  i>t(Hirni,htinii'.  Kiu-r.  >it/li.  Ak.  Wis*;,  Wim.  l>*r.(>.  :i  i  Zaii/iliar>. 
{'•inir.inthii.t  tijiiittiti.  UU-vki'T.  Alla«*  Irlitliy.  IipI.  N'imt..  I\.  pi.  IliiSfap  .  pi.  vi   .  fiu'.  ."»,  1^77. 

Family  L.  SCOKr.K.MD.i:. 

223.   Sebastopsis  kello^^i  Jenkins,  new  >)KM-ies. 

Head  2..')  in  length;  depth  2.7;  eye  .">.."»  in  liead;  snout  4  in  head;  intiTorhitul  al>«»ut  half  eye;  D. 
xii-i,  '.♦:  A.  HI,  ■>;  I*,  p);  lateral  line  with  *J:»  tuljos.  ahout  2S  s<'ales  in  transverse  w.'ries.  li4Mly  niiNlor- 
alely  el<>n;rate,  compressed  ptist**riorly,  ^'eatest  depth  alnMit  under  >ixth  and  seventh  8pim*H;  snout 
hlunt;  jaws  sulKM|iml;  mouth  larire,  ohiique,  Ik*1<»w  axis  of  ImhIv;  maxillary  hroad,  reoohin);  to  ims- 
terior  lM.>rder  of  eyt»;  eye  lar«re,  its  hiwcr  lM»rd«»r  alK)Ve  axis  of  ImmIv;  interorhital  sf»aiv  narrow,  deeply 
«'oncave  without  ridges;  a  lan^re,  hroad,  tlermal  flap  on  up|H'r  lM>rder  i»f  anteri<»r  nostril,  a  thin  cirniH  on 
anterior  upper  margin  of  eye;  a  conspicuous  teiitaelr  a*<  I«»n;:  as  half  the  eye  iliameter  at  ]K»Htenor 
up}K'r  margin  of  eyt>:  slender  cirri  alon^  lateral  line.     S)>ines  on  head  as  follows:  a  short,  sharp,  cuniiAl 
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naea.\  ^pint  aliove  ami  witliiii  anterior  ti<ii<tril.  3  supraocular,  1  anlchor,  L'  rlnsf  ti^icelhor,  jMHitcriorly: 
iir>  runiufll  Hiiinc:  iH'hind  the  \»gt  HUtiraotiilar  Npini',  a  run'  of  ^  )'piiip!<  in  an  irrt^ilar  line  witli  il, 
jufl  within  tlie  laJit  a  email  cpini-;  a  tubercle  on  Ihe  jiosterior  li">nler  of  orhit,  liehind  whjrii  in  a 
row  of  a  s]>iiies,  the  la!>t  at  the  aiiuli' of  Ihe  pll-slil:  iipjier  angli' of  o{>en-le  with  2  iliveTviuu  Halliiili 
sliarp  ^'Ilines  i  tlie  lower  on  rijrlit  ni'le  rloiiMc  in  tlii'  ty]wl ;  eiirl  of  preoju-rcle  with  4  ^'pini'T^,  tlie  u]>)>*t 
ami  liitt.Tlarp-r  lliiui  Ihe  (iii.l.lle  one?;  jire.,rbilal  with  a  luln-ri'lc  iifar  li-inler  of  eye;  ^ul-)rliilal  riiip- 
with  ~<  ^pint's,  the  Li»t  alnillitii;  a^'-.iiu^l  the  up]H'r  of  the  pn-orhital  npiiiew,  U-low  the  fourth  on  the 
riiV  a  'small  ^pine;  sj.iliou^  ilnrsiil  ].,\\.  lonin-F^t  ^pine  eipial  toeyi';  sofKloriul  higher,  2.IMn  heail; 
yirniirl  anal  i!\nni.'  lonia'-I,  2:1  m  li.'ii'l,  l[.>  ti|>  reaihiti;:  tiji  <>f  lliini  »ii>ine:  »oft  anal  2  in  liiiiil;  cauilal 
r..uii<le.l,  2  in  h«i<l;  pe.1or.i]  l.:i  Jri  liiwl.  the  mi.l.lle  mys  U.n^-A;  wale.-  iniML-rat.-;  IahIv,  top  of 
tieail,  cheeks,  opi-rcli-^,  aiiii  pri'-iiHTrli'H  s-alnl:  tins  naknl  exicpt  !»«•  of  cauilal  an'l  pm-tiiiial  halt  of 
ant^^rior  surface  of  jiectortil,  nhiih  have  line  i^alu-;  laleral  line  eviilent  aixl  in  a  nearly  straight  line 
from  upjHT  allele  of  ^IMil  to  hasc  of  cau'lal. 

Very  1>ri|;ht  in  ii'loralioii  in  life.  Imt  unfoniinatvly  •U-lail^  of  ,i>liir  were  not  taken. 

Color  in  aleolwl,  inxiy  ami  IkwI  i:nxy.  well  .-..ven-*!  with  ilurk-liri.wn  niuttliiijw,  pilhereil  -n  Hi.les 
into  3  indistinctly  outlineilareax  or  bn^il  l>an<ls:  2  inilislinct  hr..wii  l>an.tH  from  h^wer  Ix.r.ler  of  eve, 


of  oix-nle  ai-row-  ln-riii  ..f  [.n>o[>i-nle;  sjiinon-  'l<rfn\  <lark  •■r<™n:  Iniw-  of  soft  dorsal  dark  linmn;  distal 
jiortiriii  tr;iris[i;(rent,  with  few  dark  lirnun  s[».i.-;  Iklh'  of  anal  dark  hn.Hn;  distal  iK>rtii>n  li(;hter«ilh 
dark  linmn  mutt  lilies;  veiilrals  nniforndy  .larklimwn  or  Mack:  dark-hrown  arwt  on  proxinial  {uirtioii 
of  |HN-tnrol.  tlje  reinainiler  lii^liter  » illi  hrown  riols;  i-andal  willi  dark  1>n>wn  aemw<  tmse,  wilh  :•  or  4 


dark-li 

This  siH-'ciex  is  liasci!  on  2  s[«-i-iincns,  :;  im 
-  coral  riH'ks  .m  the  rti-f  at  ilonolnhi. 
\ame.l   (or  I'n.f.   Vem.m  I.yniiin  Kellnt 


'1  whit 


>i.l  1.1! 


dc] 


..f  -■ 


I.Ti-lh,  taken  \.y  n>. 
A'land  Slunfor.1  Jur 


Tyi«-,  N...  T-^xm.  r.  S.  N.  M.  (lield  N...  -jiUi, 

324.   Sebaatapistes  corallicala  Jenkins,  new  s|ie<-i>'s. 

Ileail  2.ri  in  len;.'lh;  ■leptli  2"k  jK'etoral  sli^-litly  h'ss  than  ::  in  leiiL-'lli;  venlrul  :i.:t;  camlal  Mjiial 
to  ventral;  eye  4  in  hiiid.  a  little  shorter  than  siioui;  1'.  \ii,  :>:  A.  Jii.  r,;  C.  Ill;  p.  Hi;  V.  r,  .1:  H'alei. 
40  in  Ihe  latenil  tlt>e.  I>  in  sitics  from  fourth  d»n<Hl  ■<>  lateral  line.  14  fr^.m  •.ritim  of  anal  to  lateral  line; 
mouth  hut  liltle  ohliijue,  lower  jaw  jirojeilinj;  very  slifthlly;  maxillary  l.t!  in  hi-ad,  jimjis'tinK  lu'Vimd 
poeterior  margin  of  eye;  tc-ctli  all  Huiall  and  simple,  in  band!<  in  upp^r  anil  lower  jaws,  Imnits  inter. 


VM 
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rii|.I<o]  111  frriiit:  tt^-rli  mi  v.niivr  in  ii  V-r-liiiio'i)  |ihIi-Ii,  in  l<Hti>1 
»'L>)tl<  of  vi.riiiTiiif  i>Hr<-li:  hiilH'rIiiud  1..'.  in  .'>-.':  h  pit  Ix'l.w  iiii 
Iril  tnuiswrwly  <ival,  with  n  U'litiii-Ii'  in  tin-  iniuT  [«i?i<-rii> 
rirc'iilHr;  Hioiit  with  A  triutipilitr  niciliiin  i-li'vatioii.  tlif  it[ii'x  1 
(■ai-h  antiTJiir  inwtril  atnl  aji'v  of  riwtral  ■■ii'vation  i^  ii  Htninir  hI 
of  iH'iiiar  rini,  liM  at  ii]>|»t  aiih-rior  anirh'.  wi*on<i  nii  n[.[>iT  rit 
li-ri'ir  niarvin  of  tli<-  |iiii>il,  ri.iirth  on  U-\ri  witli  M]i;H'r  iij^r,-  ,ir  | 
oil  li-vi'Iof  lon.-rnlf.'i'of  |.i]|.il;  ,-iMh  l.ilid  mi  r:i<'li  ^t.lr,  liflli  I 

:;  Hi.iti.>H  at  i-ai'ii  HiijrI.-.  i     " 


I  'III  llii'  imlHtiiic!'  oiual  ill  Icntrth  ti> 
i-rior  InwiT  aiit'U'i'f  <•><■;  untvri'ir  nof- 
|ian  of  hill.  i-B-i.-rior  noMtril  miiipl)-. 
I'lwii'll  ill"'  aiiti-rior  jioi'trili';  lM>tw<t>ii 
lort  -[.in.-;  Ii  ^|,iii..>  on  t).,.  uj-iht  half 

n|,il.  lifth  lHii-kof.-.-nl.To[)>ii[.||,Hixth 
lli'l  mi  ri);lii:  ini-i|>itai  <li-|nv><i<i<>ii  with 


iiiliKl  to  III.'  other:  u  I'troni;  K[>in<-  iil  n|<|x'r  i-ml  xf  oiH'ri'U-:  iHn<t<'ri<>r  lo  thi"  xiiiiic  hikI  a  little  almve 
il  L'  cnialliTsiiini's  just  Iwfori'  ii|iiH'r  i>ii<l  of  tiill-siit;  [nn^iTior  In  tlH'w  a  i-iiiKlf  Kjiini-  at  iI|iiht  t'li'l  "( 
iritl-flit:  tu<i  laqn-  clivi'T^nni;  !<i>ini'><  on  ojn'n'li':  cnliorliital  willi  n  Ixniy  riil;n-  uilhout  I'liinif  vxii-pt  a 
Htiuill  iinv  nil  itH  jinftcrior  I'liil;  |irii>rliital  with  :t  i'i>itiii<,  'J  ilirvcttil  ihiwnwaril  over  n[i|ior  vtlge  of 

maxillary,  (1 liii-r  forwanl  over  iil):!'  of  |>rciiii  xilkry:  at  aiiulv  of  fin'i>[icn-1<'  an  ii)i|ifr  Miiiall  uriil  a 

lowfr  lariBT  ciiiiii-,  Ulow  iIk-m'  nu  uriti  nf  i.Tvnin-rc-li'  aiv  4  lUHTfusinnly  smalU-r  ^iiiiiii^:  miiiraorl'ilal 


1<-ntar1i-  ttrll  il.-vi'li>|>'il,  jn-^t 
laiii>ini;ovi-iiMl^iMif  niiixilliir 
iHiirit"!,  t'lojii'linjr  iiiiwiinl  iii 


.'ti-lini;  ill  till' ::  twin  f 

::.-')  in  ):"'<'t<''^t  ili'|>lh  < 
in<l  tiftii  siiiiK-M  •'.(iial 


i-x,  ^milpxl  .U'lit 
.f  l-.<ly:  [niirlh'i 


ik  nf  Hii.raorl.ital  -.j.iuf;  u  Ifnta.-l.'  Ui.-k  nf  [.civrior  vitIii-hI  ..|.iin.., 
,1  Minnjt i-iiiiii'  »l  anv'l''  "t  fhoiiMiT-irinilc  mIkhv  kin- of  iHvlonil,  )<liar|i- 
lnii-k«iinl;  u  J'liiall,  Ii'HH  iirmiii; 
.lij-hlly  .-mi-iivi-  with  -   i.rmii 

iit.-rior  iiiifrlii.  cif  ihi'  .KTipital  ilri-nwion;  .inival  i.roliU-  of  the 
«l  foiinli  ilmTnii  sfinc:  .IriHh  rif  miirlal  |k"1iiiii1i-  i-<(|iii1  to  eyt, 
r«il  r-i.iiK-  th.'  loiiKi-sl,  a  lillU-  itr.'al.T  tliun  liiilf  <.t  \ntu\;  tliip<l 
thiiii  foiirtli:  M-niml  1.-'.  in  lliinl.  lirsl  1.7'.  in  M-cmit];  ftjtinvg 
ijrth  to  tii'St  1.1  111!-!,  whirli  is  -.'  in  (mirth:  lust  loiitn-r,  ciuHlnig 
•nw-rt,  .-.nialirig 


, ....     aik  -i  this  om-:  tnllrHki'ru 
t   rirl^fl's  .liwiv'intr  |mHliTi.irIy  atwl 
; 'inrsal  iirotik'of  tilt 


iui't  tllTii  siHiii-s  ■'.{iiai.  nut  iiiin^  snoniT  iiuiii  louriii.  m-i-omo  i.>  '«  t<" "'•■  '■'■■  «'  f^T'ini;  i>itin«.-a 

Liii'k  of  fiinrlh  nitnliirly  ili-.-ii-iisini;  in  li-iijrth  to  tii'St  l.i  liisl,  whirli  is'.'  in  (mirth:  lust  loiifn-r,  (iiuhIuik 
r.Tnn.l;  Hift  iHvs  ahmj.tly  lon^.T  tliiiii  hist  <\-n'-A]  spin.-:-.  sii'..n.l.  Iliinl.  iiii<l  (oiirtli  lonw-rt,  .-.nialirig 
l.inp'si  Kiiiiio:  ia-t  sofi  r.ivs.-|ii»l  tn  iifxt  lolusl  spim-  si>i-on.l  anal  spiiif  I'Hijp-st  un.l  intii'ti  lliickt>rthHii 

o|h.-rs,  I.7r.  ill  Ih-ilI;  lir>t' .■.l.^n-lrr. -J  in  mv.il.I:  thir.1  sI li-r.  ti.M  ..f  «-.■ 1;  lir-'l  an-l  H«.n.l  «,tt  ruye 

lonis-i-l,  l-'i  ill  li'-ii'l:  <"iii<liil  fli;:litiy  ■■onn.l.-.l:  |--.'toral  rmiii.l.  iiii-hll.-  r.iys  l..np>st:  vwitral  rounded, 
M.11IUI1  ray  liitiKtul,  ilM  ci>im;  "lual  lo  sixth  .Inrsil  sjiim';  hi-a<t  aii.l  liiw  naktil. 
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Characters  very  constant.  In  snialliT  Kj>efiuH'nH  the  iK>j»teri<»r  sj»int*s  of  orbital  rim  not  h?o  evident 
as  in  type  an<l  in  most  the  humeral  spine  smaller.  Size  of  supraorbital  tentaele  varies  much,  in  9f>me 
very  small  or  al)?*ent,  in  r)thers  very  larjre,  friiiin*«i,  len<;th  greater  than  eye,  e*|ual  to  se<.*on<l  dorsal  spine. 

In  alcoht>l  the  color  varies  consi<leral)ly:  in  some,  tins  distinctly  bande<l.  in  others,  tins  plain.  Some 
lack  the  black  blotch  <»n  j>ostcrior  part  of  si»inous  dorsal,  others  have  it  presi'Ut  but  small,  others  have  it 
well  develoi>e<l  and  reaching  from  sixth  toeii'vcnth  spine.  A  K*riesof  dermal  flaj»s  along  lateral  line,  al.s*» 
a  numt)erof  smaller  ones  on  lower  half  of  sides:  lateral  line  simple,  slijrhtly  convex  <lown\vanl  jKisteriorly. 

Color  of  tyi>e  (field  Nn.  'S.i^y)  in  ah'ohol,  head  and  Innly  mottle<l  with  lighter  an<l  darker  shades  of 
brown,  ]>lain  pale  Wlow:  a  wide  {)ale  transverse  band  nn  najK'  <  verA'  indistinct  i;  spinous  dorsal  with 
diL**ky  blotch  from  seventh  to  tenth  spines  on  distal  half  of  tin:  other  tins  mottle<l  with  brown  in  trian- 
gular transversi*  V>an<ls;  a  dusky  rim  alM>ve  margin  of  eye  on  eye  membrane;  dermal  tlajjs  white. 

Color  of  fresh  s|)ecimen  (field  No.  22:^),  whitish,  with  brownish  cloudings  and  many  bright  re<l 
sfMjts  on  head,  Ixnly,  and  tins;  l)lack  blotch  on  dorsal  tin  on  eighth  t<^  tenth  spines,  tin  cloudeti  witli 
dark  l)ars;  dermal  tiaps  white. 

Anotlier  fresh  example  (field  No.  2iK)),  golden  brown  <»n  Inxly  and  tins,  with  many  very  bright  nil 
spots;  a  blai'k  blotch  <»n  spinous  dorsal  on  seventh  and  ninth  spines  longer  than  eye  but  not  so  deep. 

Closely  relate<l  to  S-orp:rtta  Jonlan  &  Snyder  from  Japan,  but  differs  in  lacking  knob  at  symphysis 
of  l<»wer  jaw,  in  having  no  spine  on  sulwrbital  except  on  its  end,  in  having  2  spines  instead  of  only 
on«*  at  each  anterior  angle  of  occipital  depression,  in  greater  length  of  maxillary,  not  reaching  beyond 
pr*»terior  rim  of  orbit  in  .V.  onaria;  in  having  vomerine  teeth  l>oth  V-shai)ed  and  not  V-shaped. 
Otherwi.se  verv  similar. 

Cloee  to  Sojrpirna  nuchalls  Gunther,  from  Karatonga  Island  (Fische  der  Sudsee,  i,  76,  1873); 
<liffers  from  this  species  in  having  uiaxillar}-  reaching  j>ast  the  jMisterior  rim  of  eye;  in  having  the 
third,  fourth,  an<l  fifth  spines  laqarest,  instead  of  the  fourth  to  the  seventli  largest;  in  having  the  black 
blot4'h  on  the  iKDsterior  part  of  the  spinous  <lorsal  (  7-10  spines )  instead  of  on  the  fore  part. 

My  collec'tion  contains  8  si)ecimens,  all  from  Honolulu.  Tyjn*,  No.  50691,  V.  S.  N.  M.  (field  No.  236) ; 
cotype,  No.  7729,  L.  S.  Jr.  Univ.  Mus.  ( field  No.  22:^;  and  cotyi>e.  No.  2756,  U.  S.  F.  C.  (field  No.  206). 

225.  Sebastapistes  coniorta  Jenkins,  new  sj^ecies. 

Head  (to  en  1  of  Injuy  oj>ercle)  2.5  in  length:  «lepth  2.5:  eye  2.75  in  head;  snout  3.3;  interorbital 
2  in  eye  =  sub<»rbital;  pe<toral  3.6  in  length:  ventral  4:  caudal  t^jual  to  ventral:  1).  xii,  9;  A.  in,  5; 
C.  19;  I*.  15  (lower  9  simple);  V.  i,  5:  lateral  line  s— 1«>-10.  Head  and  InMly  compresses!,  greatesrt 
width  through  l»ase  of  i>ect<»rals,  4.25  in  length  of  IkmIv,  l.tJ  in  'lepth:  dorsal  profile  of  Ixxly  very 
convex,  greatest  depth  through  ba.«<'  of  third  dorsal  sj»ine:  ventral  pr<»tile(»l  ImmIv  only  gently  convex; 
profile  of  snout  steep,  forming  an  angle  l»efore  eye  witli  very  irently  rising  juirt  of  profile  of  head 
V)ehind  eye;  interorbital  area  di*eply  con<ave.  with  2  well-developed  longitudinal  ridges,  diverging 
jK^steriorly  Udiind,  but  not  endinir  in  a  spine,  althouirh  a  spine  arise<  just  l>ehind  the  j^osterior  end  of 
each;  back  of  each  of  thes«*  are  2  <M'cipital  spines:  5  supra<K*ular  spines,  a  row  of  .5  p<^^>sto<'ular  spines, 
the  last  alx'Ve  the  upi>er  end  of  i^ill-slit,  a  sj»ine  ju>t  alwjve  in*nultimate  s]»ine  of  posto<ular  row  of 
8j)ines,  2  flat  spines  at  angle  of  o|)en*le.  upjier  the  larger;  ^5  sj>ines  on  lower  lind>  of  preoj)ercle; 
sulH>rbital  stay  m<»stly  small,  with  2  small  spines  jK>steriorly:  pn*orbital  with  4  spines — 2  directe<l 
forwanl,  1  jKisteriorly,  and  1  d<>wnwanl  and  iM>steriorly;  no  dermal  apj>endag(*s  on  head,  except  a 
sh<»rt  wide  flap  on  up|K*r  e<lge  of  anterior  nostril;  teeth  in  jaws  in  bands,  widest  in  front,  in  short 
narrow  Imnds  on  jwilatines,  in  V-shajKHl  patch  on  vomer;  2  stn>ng  flat  spines  at  humeral  angle  al mi ve 
liase  of  j»e<toral,  lower  the  larger;  nasal  spine  at  inner  <Hlge  of  each  anterior  nostril;  fourth  dorsal 
spine  longi'St,  2  in  hi^ad;  first  sln»rt,  2.5  in  fourth;  eleventh  spine  slightly  greiiter  than  first;  twelfth  3 
in  hea<l,  longer  than  tenth,  slightly  larg«*r  than  sec<jnd dorsal  spine:  sec<»nd  dorsal  rays  abruptly  longer 
than  last  spine,  first  rays  longest,  2.2  in  head:  hist  ray  connecttM^l  by  membrane  with  caudal  jjeduncle; 
caudal  slightly  ri»un<h*<!;  {KM-toral  broad  with  wide  ba-^e,  lx»rder  r<KHide<l.  me<lian  rays  Umgest;  ventrals 
rather  br^ia^l,  first  and  s«*cond  rays  longest,  spines  str«»ng;  second  anal  spine  longest  and  thickest,  1.6 
in  heail,  longer  than  longot  dorsal  spines  and  eipial  to  cau<lal  fin:  first  spine  short  and  slender,  a  little 
less  than  half  length  of  sin-ond  spine:  thinl  spine  slender,  inpial  to  third  dorsal  spine;  first  soft  anal 
rays  longest,  (Hpial  to  se<f»n<l  anal  spine,  longt»r  than  longest  dorsal  rays;  gillrakers  4-10,  the  lowernifist 
one  on  lower  ann  of  arch  nidimentary,  all  short,  upi>er  ones  of  lower  arm  of  an-h  longest  but  le*<s 
than  half  length  of  pupil;  branch iostegals  7;  lateral  line  beginning  at  last  jxjstocular  spine,  above 


HI  HILI.KTIX    "K    TFIK    IMTKH    -TATKS     KISII    Cil 

>].'r  (-11.1  .if  ;.'itl-r<lit.  .•ii'lihi:  at  iiii.l.ll.-  <>f  kun-  ..f  i-jii<1al.  ><l);.'litly  <''m»" 
i»lcrir.rly:  wiili-s  i'tcii<>i<l,  I'ntif  l">"ly  iit  inftiTinr  jwrl  i-f  lioa<l  s-mlnl. 

Color  '.f  infl,  H|Hi'iiii<-ti  l(i<>l.l  Ni>.  iTs  i.  li-rht  <.)iv<-.  wJtli  ilark-l>r<mi 
ixi-ovi-rol  tlii<'k<v  wilh  siiiain>r<m-ii  siiutT^;  ]«»<li-ri<>r  iniiriiiii  of  imi.liil  ) 

Color  ill  uLoliol.  brown,  iloii.!.-.!  nitli  •Inrk.-r  •liL-'ky  l.r.>»ii:  li<-a<I  uii. 
ry  criiJiH  niuiiil  iliiiiky  f|uil»<. 

Ttiix  <l(wrij,iinii  i<i  luist'il  on  ili.-  Iv|>.'.  L>  iiii'lii's  in  U'liulli,  iiiiil  mil 
nil  r.Kksoiilli,T.-f  iti  fn.rK  of  H"Hoi,ilii.     ■  TyjH-,  So.  r.iMMi;!,  V.  S.  X. 


MMISSIciK. 

(  uiili-riorly,  i>lit;litly  it>n(«ve 

II  iii»tlliiitcH;  iMHiy,  liMul,  anil 

n-il;  Hum  rolnr  or  liciilr. 

il  PiiiiiouK  ilnrml  (i>vun.il  witli 


£26.  SuboBtapittee  trnlnotncma  .li'iikiiis.  lu'w  s 


|i>:  IiiIithI  lijii'  Willi  'S.'i  IuIn-;-. 
lint  III  iilxiiil  li:i-4-  nf  lifTh  ni>in> 
..li^l.tly 


;ir.  »;   A. 


'I'.-Inlill 


of  ,■; 


Kliiii-,  wlinlly  uIk.v..  as  is  of  l.miy;  iiinnll.  liUK...  siuiirwliii 
oiiit,  ri'urliiiiu  iittft  |iiij>il:  ^<<lllol'l1itIl1  iiliotit  :(  in  I'vc;  ii 
KHitli,  willioiil  Myi-s:  !<|iii)i'y  ..ii  Ilic  Ik-iuI  iliftrilnili'i)  a-'  fo 
I1-I,  just  within  tlii'«ritcriciriinii  in  front  of  ]«iHti'riorniwiri 
lim-  with  l]wM  :l  .Hvipital  xjiiiK'^';  no  ronmHl  Hpiii.-s:  fr 
itwiinl  >ln.l  liai-kwiinl.  :■  iK.nv  Ti.li.n'  .'n.liiii:  in  >l  spin.-;  :i  h 
■hinii  H-hic-h  .-xl.-ll.ls  n  «.ri.«  of   :l  jKisLiniliir  P|iin.-s,  ill 

'vxtotH"!.  I'liiliiiL'  in  -.'  F'l.iiK's,  ijn-  la^t  iiluitliii^'  on  Ihi'  ii]i]i 
■.i-|iiii 


I  :'..."i:  iriti-ri.rliital  :;  in  i-y. 
iiirniiri'»'i''i:  'lorsii   oiiliini'  cnnvt-x,   its 

II  oiitliiK^  <.f  hi'a.l,  1  lit  Hnoiil  nnil  1  nt  Dit- 
lie  i'Vf;  [niiii  tin-  liflh  ilursul  siiim-  oiitlino 
liiit  xliL'htly  cnnvi'x:  i-yr  liirp',  cin'iilar  in 
it  nl<li<|ii(',  Ih'Iiiw  ii\ii' of  IhhIv;  inHxillHry 
iliTorhitill  iircii  iianiiw.  iltTply  I'oui'avf, 
l1ow!<:  oil  xniiiii.  iiiiMil  yjiinrx  xlKirl,  nearly 
Is:  :i  siiiiniiK'iikir  xiiiin-s.  iH'hind  thew  and 
mil  Iht-  iiiii)<lli-  iH'i'iiiitHl  Hiiin<>,  <1iv«rftini; 
iiiiill  HiiiiLi-  on  iioflrrior  ninrpin  of  orbit, 
f  last  al  Bii;rli'  of  cill-opc'iiinK;  2  Btronjc 
near  tir^i'IhiT  al  ilx  untcriiir  maritin,  thv 
sinalliT  siHi-iiiK-ii!''):  Hnl<nrhital  elay  wvll 
n'r  iin-'iiHTi'iilar  i<|>ini'.  a  ^inall  B[>iii«  at  iiii 
ar'l,  r tou  nuaril  ami  hii^kwanl;  an1ii>rt 


ilila].ani|.|- 


ciliroof  a 


as>.-ll-<k-v.'lo|.<-il  Id 


Ilk-  u1h>iiI  (i[ubI  to  <liani(!l 
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i>(  <■)■!■  iit  Ut!^'  ••[  riiiililli'  siipn«»-iilar  s|iim';  iii>  ilcniml  Hjijicnilagf  a|)parciit  im  other  jiorlioiia  -if  lioily; 
a  slrimjr  i-iiini'  at  tin-  liiinirral  aiitiU-  alK)vt'  liaw;  «f  [K-ctiiral;  foiirlh  <loi>al  s]iiiu;  liititK^I.  2  in  head; 
lirst  tln'sliortfj-l,  2  in  fmirlli,  1.5  in  lOfvcntli;  w>ft  dorsal  n.un<le.t,  ils  liintrest  ravd  nearly  c-iualing  the 
fourth  !']<\iH\  nii'rnUrarM;  of  laid  ailhiTinn  it-;  whole  It-n^th  In  (tamUl  jiwhinck-;  camlal  vjry  cimvcx,  itfl 
iiiiiMIe  r.iys  1.4  in  li.iiii;  thirl  anal  ^[liiii'  lonp-sl,  l.t>  in  heail,  i^tronn.  fnrvnl:  (iiwt  p|iiin>  half  iiwxind; 
tliir-l  >lrnil.r.  i\H  of  s...'omi;  suft  iioHi'.n  r.iiin.lcl.  2  in  hi-a.i;  ventral-  l.-'i  in  ht-a.!,  rrai-hina  halfway 
iK'twi'i'n  v.'iil  iuiil  iirijiin  ■>(  anal;  iVctnnil  with  ^Jll(likHl  outline,  lirfiaii.  its  niicMli-  rays  the  longest; 
te.lli  villit.irin,  in  Uui.ls,  wi.k-  anleriorly,  narr-.w  i-jstcriorly,  in  l-.th  jaws,  in  a  V-shai^Kl  Iwnd  on 
voniiT  and  in  a  namiw  tund  .m  iKdiilini-s;  irillnikers  4  :  fl,  short,  ronndtil,  the  nio-l  anterior  nidi- 
nieiilary:  hr;ini-hiin<l(^^lit  7 :  lateral  line  iHvinnin^  at  Ihe  lai<t  inislfH'ntar  spine  and  runnin);  iimrly 
^t^.lil:h<  lo  vertii-al  of  last  n>ft  dur^l  where  it  UmkIh  slikihtlv.  endini;  at  inidille  of  Ikim:  of  eamUl; 
head  nak.-d.  lK,.ly  ,..ni[.le(ely  s.'al.-l,  wales  sn..-.lh,  entire. 

Coli.r  iiial<'oh..l,  i:eneral  effect  a  li^-ht  Kruv.  uJth  hro»  n  niolIlinp<:  white  imder  ehin,  Ihroal,  and 
U4ly;  head  and  l-nly  e.,vrT.-.l  with  thi,kIy-«.(,  .iiituite,  hri-ht  while  [-.inls,  whic'h  are  nior.t  niimer- 
.11  head  iiiirl  anterior  part  of  iK-iy,  Iwin^r  eijnally  diftrihnteil  over  the  (.-ray  and 


hniwii:  |>!-eo|MTile  liark  lirown,  n[.]»'r  pari  of  i.|«Tcle  a  lij;hler  lirown;  a  dark  lirrm  n  ari-a  lietwifn 
IhL''.-  ..f  |.-et<.ral  and  hnnienil  spine;  middle  and  iip|>er  part  of  l..,.|y  with  hro»  n  lnoItliiip<;  Die  while 
(Hiinlf  fliowiiii;  lo  a  irreater  or  U-ss  extciil  on  all  the  Ihis  exi'ept  ihe  eandal;  siiinium  dorsal  white,  with 

a  lilaekish  area  at  W-.'s  of  fifth,  si^th,  seventh  spim-s, ; ther  on  -lislai  portion  of  ineml.ntno  U-lween 

idxth  and  nitilh  spiniv;  diwky  s]H>ti^  on  si>fl  dorsal;  i-.indal  i-olorleas  with  faint  show  of  dusky  spotH 
ni-ar  Imse;  anal  ii>lorlesN  excijit  white  |>oinIs  on  the  rays;  ventnds  white,  with  l>rii;lit  w  liite  |HiTiiti<  on 
rays:  [■ei'lond  while,  with  whiti'  )x>iiits  and  itnsky  s]Hits  on  ntys,  dark  area  at  hase. 

This  des-rijition  is  l«.sed  on  the  ty|-',  X..,  .■nw;ii2,  T.  S,  N.M.dieM  No.  217-it,  1','i  ineh.'S  in  lennlh, 
Ihe  lonjiest  in  the  .-.ilUTtion.  and  Si)  eotvi^.s,  all  taken  hv  me  from  ihe  eond  nitkg  on  the  reef  at 
Ilonoliihi. 

227.  Scorpsnopsis  cacopsis  Jenkins. 
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338.  DeDdrocbiru*  cUoreus  Jonkiiw,  iii-w  Hixt-if 


Hiiod  (t»  fml  of  Ixiny  <i]H'n-iiliim>  3  in  Wiitctli;  <tt.-]>tli  2.5;  pectoral  2.S>;  V(.>ntna  3;  cauflal  3.2; 
D.  XIII,  9;  A.  ii[,  n;  V.  M;  V.  IH;  V.  i.  .'i;  ntiltf  K-:{S-l:t.  Head  anil  limly  iiiui-h  iH>mprewed,  greatest 
wiiltli  ttir()ii)[li  ba»ee  of  pfOioralH,  5  in  li'iigth,  2  in  Ki^'>t**^t  cleptli;  ilnraal  pruflle  &  litU«  more  coDvex 
tlmn  ventral,  )i>^&tei4  ileptli  nt  vurtinil  tliruutcli  Imm'  of  fifth  Hiiino;  oye  uval,  lontKHt  ilianifter  hori- 
zontal, :)  in  heuil:  intcrorliital  <<f<-]>l.v  i-uiicavi-,  2  in  iKirizmital  tlianivtor  nf  cyi-;  [irofilc  of  Hiiout  alniovt 
Htraifilit,  ini'liniii  at  ani;'*^  "f  ■*''";  Ifn(»th  i>f  wmnl  ti[nal  to  i-«jrli<TiI  rlianii'tLT  cif  I'yt;  pulH>rbitul  5  in 
hi-ail;  niaxillaryTvai'liinirtiii«iitl*Tiiiriiiuiiriniif  jiii|iil,  2in  licaii;  tipof  iipiHTJaH-uitliatontliluMdeprev- 
tiinn  lietw**n  inntr  enils  nf  pivinuxi  Marie:'  ivliicli  rwrivin  a  slight  knoh  uii  the  upptr  iiurfu«  of  the 
ayiiijihytdsof  tht-  lower  jaw;  tevth  very  line,  in  l>an<li>  in  jawH,  in  renifomi  jiatch  un  vomer;  no  palatine 
tvelh;  poHterior  niwtril  lur)[e,  nhiiple,  round,  duMe  ti)  rim  i>E  iirhit;  anterior  noi<tril«  BUialler,  each  with 
Hat  tentacle  o[i  {Huterior  umr>;in;  Hpiiief  on  head  all  Ktnall,  a  i<nia11  movable  njiine  at  outer  cornt^r  of 
each  jHiMteriiir  iiotrtril;  eevenil  pniall  spinci-  on  uii|H-r  margin  of  orliit,  untiyninietrieal  on  the  2  sides; 


i-««[«Tlm.    Typo. 

i'lit  juht  ku'k  iif  eyi'M  on  I'aoli  cide,  2  olhere  on  eath  side  of 
if  teuii>iinil  Hpiinjs;  a  iiioiloriitely  loMjt  spine  at  anj;lu  of  preoperele,  2  mialler 
»■  it;  a  flat  sjiiueat  an^ilccif  opercl*-;  subirliital  stay  with  awriemif  wveral  ven' ini-onHpicuoiia 
HpineH  reaehiiifr  fivini  Im'Ihw  antfrinr  margin  of  orhit  tri  anjrl''  "f  l)reii|H'n'le;  a  cniall  jiit  below  anterior 
lower  angle  of  eyi';  o]hT['1>'  un<l  prvijkerele  si'ali-<l,  iithiT  jitrt^  <if  hi'ait  naked;  btanetaioetegala  7; 
gillrakera  6 -j  10;  (in  niya  not  eKcewively  develope<l;  dnnnd  tin  iHvinnin);  altove  middle  of  opercle; 
fourth  tueighth^jiiiieslongeNt,  1.5  in  luwi;  firj-t  spine IJ.T.i  in  head;  twelfth  shortest,  three-flfths of  tiret, 
'2Jy  in  fourth;  thirteenth  spine  lonjitT,  eijiial  to  tir^t  and  to  eli'venlh;  i^)ft  dorsal  ehort;  median  raya 
longUHt,  hut Hliglitlyfhorter than  loiijiei>t}<pine;  lantHoft  rayo'tiial  to  lant  Bpine;  caudal  Kligh I ly  rounded, 
nie<)ian  rayM  1.2.5  in  Iiead,  1i  up]N'riii<H4  and  :i  lon-cnnrwl  niyv  Hliort  and  npiiie-like;  flTi't  anal  B|Mne 
fhorlert  nml  nleiider,  li.ii  in  head,  a  little  lonfiter  than  twi-lfth  diirnal  npine:  second  and  third  spines  of 
equal  length,  bnt  wrN.ndnjnch  thicker  than  third,  each  !..=>  in  lonceft  dorsal  fpine,  a  little  ten  than  half 
of  heail;  lonijest  |>i.i'ioral  rayf  n'acliiiijt  to|)oi»teriorendof  Iiaweof  anal  fin;  fourth  to f<eventh  rays,  from 
above,  longest,  a  little  le:v  than  half  of  length  of  body;  uppermost  ray  equai  to  third  donal  spins; 
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lowernicxst  ray  shorter,  foiir-fifthH  of  npi^ermost;  first  ray  and  lower  9  ravH  iinbranche<l;  ventral  tMjnal 
to  caurlal,  sei'ond  ray  lonpTest;  Hpine  rather  strong,  2  in  head;  base  of  innermost  ray  couneete<i  by 
membrane  with  body;  scales  mostly  ctenoid,  those  of  base  of  pectoral,  lx»lly,  and  head  cycloid;  lateral 
line  beginning  a  little  above  en<l  of  gill-slit,  nmningbackwanl  and/lowmvard  to  middle  of  end  of  caudal 
I>e<luncle;  slightly  arche<l  anteriorly,  slightly  convex  towanl  ventral  line,  ixisteriorly. 

Color  in  alcohol,  light  brown,  with  6  indistinct  dark  brown  vertical  bands  on  bo<ly,  and  with 
transverse  l>an<ls  on  fins.  Color  oi  a  fresh  si>e<'imen  ( field  No.  .'501 ),  vertical  green  band  on  head  below 
eye;  6  olive-green  vertical  band.-*  «)ii  si<le  of  IkkU',  the  first  thn»e  extending ni>on  dorsal  fin;  the  first  at 
ha<e  of  first  two  spines,  the  last  on  raudal  y)e<luncle;  spinous  dorsal  olive-green  with  rhI  spots;  soft  dorsal 
with  oblitpie  ban<ls  of  alternating  red  and  white;  anal  fin  anteriorly  with  2  olive  ban«l8  crossing  lower 
end  of  2  bands  of  same  color  on  body  which  exfen<l  up<jn  anal  fin,  j)osterior  jiart  of  fin  with  alternating 
red  and  white  bands;  <*audal  with  alternating  crossliands  of  red  an<l  white  (posterior  part  of  dorsal 
and  of  anal  and  caudal  with  alternating  re<l  an<i  white  bands);  ventraLs  mottled  with  dark  olive;  pec- 
toral j)roximally  with  .'5  ban<l8  of  dark  olive,  distally  with  siH)ts  of  siiine  color;  dark  spots  just  beneath 
oj)ercular  fli»p;  another  similar  spot  just  lK*hin<l  the  2  prtN)percular  spines;  2  dusky  i)atches  on  breast; 
part'^  dark  in  alcoholic  sj)ecimen  were  green  in  life. 

The  coloration  is  very  similar  to  that  of  Pterois  tKirl^eri  Stein<lachner,  but  differing  from  that 
sptH.'ies  in  the  numl)er  and  arrangement  of  cephalic  spines  and  in  the  al>pence  of  the  cons])icuous  ten- 
ta<'le  on  the  heail. 

Probably  most  closely  relate<l  to  Pterois  Ura-'hyplera  Cuvier  &.  Valenciennes;  known  from  Zanziliar 
to  Samoa. 

This  description  is  l)ase<l  on  the  type,  No.  50701,  C  S.  N.  M.,  5.25  in  length,  and  8  cotyi>es,  8.5  to 
2.2  inches  in  length,  all  obtaine^l  by  me  at  Honolulu.  This  fish  is  found  among  the  coral  rocks  and 
is  not  conmion. 

Family  LI.  CEPHALACAXTHID/E. 

229.  Ceplialax:aiitliu8  orientalis  (Cuvier  tJk  Valenciennes).     **/><>/o/mu." 

Color  in  life  (field  No.  255),  Inxly  drab  above,  white  below,  upi)er  j)art  of  bo<ly  with  darker  and 
greenish  mottlings  and  with  many  chestnut  brown  spots  as  large  as  pupil;  dermal  fringes  on  lower  lip 
re<l;  lower  surfa<'e  of  preoi>ercular  spine  ri^l;  upper  surfa<'e  of  pivtoral  Wn  dark,  with  brown  8]>ots  at 
the  base  and  around  margins,  esi^ecially  anterior  margin;  a  blue  spot  on  distal  margin;  4  or  5  bright 
yellow  s[K)ts  in  mi<ldle  of  fin  about  one-third  the  distance  from  the  l>ase,  lighter  yellow  lM*yond;  under 
surface  dark  bluish  without  markings;  ventrals  red  and  yellow;  first  spine  and  filament  of  dorsal  fin 
bla<.'k,  the  remain<ler  of  the  spinous  portion  dusky,  with  <lark  brown  sjxjts;  soft  <lorsal,  membranes 
transparent,  rays  with  dark  brown  si>ots;  cau<lal  similar;  anal  transparent,  with  dark  sfK^t  at  l>ase  of 
last  2  rays.     In  alcohol  the  red  and  yellow  <lisapi»ear. 

One  specimen  of  this  si>e<ies  was  si»cure<l. 

JhictylopUruit  orieutaliA  Oi\  ier  A:  Vrtlencieiinos.  Hist.  Nait.  Toisf..,  IV,  l:U,   pi.  7<i.  l,s*2\».  Indian  CH-ean;  (Jiinther,  Fische  dcr 
Siid.-^ce,  vi,  ir»t»,  1^77  (.<an<l\vi<"h.  S<K'i»'ty.  and  ranniotu  islands). 

Family  LIl    MALACAXTHID.^. 

230.  MaIax:antliiLS  parvipinnis  Vaillant  i*^  Sauvage. 

Two  si>ecimens  are  in  Dr.  Woo<rs  coUet^tion  from  Honolulu,  where  it  seems  to  l)e  fairly  common. 

M^Oaranthus  ifirripinnh  Vaillant  tt  Sanva^e.  Rev.  Mag.  Zool.  (3).  ill.  1h75,  283,  Sandwich  Islands. 

Mcdacauthm  hm'itii  Gunthcr.  Fi.M.'h«  dor  Siidj»ee.  v,  IfiO,  twf.  xcviii,  fig.  B,  1876  (Tahiti,  Yap.  and  !<andwii-h  Islands); 
.Steindaehner,  Dcnks.  Ak.  Wias.  Wieii.  LXX.  1900.  497  (Honoluhn:  not  of  Biceker. 

Family  LIII.  GOBIID;€. 

231.  Eleotris  sandwichensis  Vaillant  &  Sauvage. 

Hea<l  :i.25  in  length;  depth  4.5;  eye  6.5  in  head;  D.  vi,  9;  A.  i,  8;  scales  80-21;  head  wide, 
depreseeil,  width  greater  than  the  depth,  1.5  in  length;  Ixxiy  anteriorly  wide,  rapidly  betroming 
compressed  posteriorly;  caudal  peduncle  very  flat;  wi<lth  of  l)ody  at  middle  of  second  dorsal  e<]ual8 
0.5  width  through  pectorals;  dorsal  profile  of  snout  convex,  profile  above  eye  concave,  profile  from 
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eye  to  fnmt  of  dorNil  rising  in  a  jri'ntlc  nirvi';  «lt'ptli  of  raiidul  ]K^hiiiclo  2  in  IhwI;  oye  laU'ral,  =  Iwiny 
interorbital,  2  in  snout  from  tip  of  lowtT  jaw;  maxillary  ii'sirhinir  to  Ik'1<»w  crnttT  of  pupil;  least 
width  of  ]»nN.»r!>ital  OX)  of  cy**;  ttvtli  in  rathor  wi<l<*  hands  in  oarh  jaw,  an  uut«»r  H.'rii»H  of  eiilaixed 
Uvth  in  each;  vonuTand  palatines  t<HJthU'ss;  entiiv  hrad,  oxcrpt  jaws,  sciilnl;  fourth  anil  tiftli  dorHal 
sj»iiK*s  lonjr«*st,  a  little  less  than  2  in  hrad;  nicinhrane  from  last  spine  n*a«"hinjr  to  fn^nt  of  jrifoinl 
dors;il  lin;  sixth  s<»ft  ray  lon^t»>t.  a  littU»  jrn-atrr  than  1'  in  lu'a«l;  A.  i-S,  K'n;rtli  of  1»il**<'  only  O.H  that  <if 
S4ift  dorKil;  i)eetoral  ronn«h'd,  mi-«li:ni  rays  1.5  in  head;  third  and  fourth  rays  of  ventral  lonjro*t,  2  in 
hc*ad;  sjttH'e  U'twivn  ventrals  ().<>  of  eyi*;  hninchiosttrpils  ♦»;  ^ill rakers  very  short. 

Color  in  alcohol,  brown,  paler  Inflow :  vertind  (ins  spotti^.l  with  small  tUisky  Imiwii  Hiw>tK  a 
dusky  hrown  sjMit  on  np|H»r  part  of  Imse  of  jK-ctoral.  Uirjre  siKfimens  (>  inclit>s  in  len};tli  ixrv  plain 
dark  hrown,  with  the  tins  dusky.  Small  siMH-imens,  the  size  «»f  the  tyiK*,  an'  nnicli  {Kiler  eK|H»i'ittlly 
alonj;  the  sitles  of  the  body  ami  hea«l.  Several  thisky  brown  kinds  nidiatin^  Uu'kwanl  fruni  rye; 
side  of  b<Mly  with  small  du>ky  bi-own  siKits.  Still  smaller  s{N'cimens  i'2  inchi^s  lon^)  are  nnieh  i»ak*r, 
side  of  InmIv  mottled  with  dark  bronn.  and  side  and  lower  (lart  of  lunid  pinietate  Avith  niinut(>  ihisky 
siM)ts;  vertical  fnis  pide  with  <listi!ict  dark  crossbai-s. 

One  fn'sh  sj»i'cimen  w:l-  olivacenns  with  t>  <lark  IkuhN  over  the  IxMly.  A  spine  on  an^le  of  pre- 
oiHTcnlum  «lin'<'ted  ili»wnwanl  and  forward. 

I  obtaiuiHl  examples,  1.5  to  1*  in«'hes  in  len^ith,  in  fn^sh-wattirstn^iimsand  in  sjilt  wateraloii^fshtin.^ 
and  in  marshes  about  Monolriln,  and  some  at  Hilo.  Tw«M'xampU»s  an*  i!i  I»r.  WotnTs  eollei'tion,  ami 
7  wen»  obtuine<l  bv  the  AHmtrus^t  in  istHl  from  Honolulu. 

tjUiifviti  (uiuilu-irh* nyiii  Vuillant  it  Sjuivii;;*-.  Ma;r.  «lr  ZihiI..  in.  isT.'i  "J-Mt. 

Kittttri>t/ii^r,t  (iiintlMT,  H«'pt.  shiin-  Fisln-<  rii.-ilh'mjiT.  tin.  \'<*<i\  .  Ilmiolulu  :  FowIit,  I'nw.  Ac.  Xat.  S<'l.  I'liila.  IWO,  ftie 

(iltiiioliilu  I. 
Citlinit/uiu'n,  Sln-t'to.  Hull.  V.  '».  Nul.  Mil".,  No.  7.  -"iT.  1*«7T  lOtihii'i. 

232.  Asterropteryx  semipunctatus  KiipiK'll. 

Mead  ;{.25  in  len;:th;  «leptli  L'.«>;  eye  4  in  head  ^snout:  1).  m,  11;  A.  10;  ('.  1*2;  V.  19;  V.  i,  5; 
scales  -5-7;  lea-^^t  ili-pth  of  cautlal  pt»dinicle  2  in  hra'l;  de[)th  of  base  of  |M»ct«)ral  -..*i;  teeth  in  upi»er  jaw 
in  a  band,  outer  row  enlari;ed,  othei-s  small,  \illiform:  teeth  <if  lower  jaw  sindlar  to  those  in  iipptT, 
but  noeidar)>:e<l  t<'eth  in  bai'k  part  of  .^^ides  of  jaw;  lower  pharytnreals  with  the  lower  endt9  triau>;ularly 
exiKindinl,  having:  villifonn  tet*tli;  thin!  do?xd  spine  lilamentously  prolon^reil,  ri'aehin^  t(»1»aeteof  thinl 
niy  of  secoml  dorsal;  .second  ilorsal  spine  li»nj;e>t  of  n»st,  l.t>  in  head;  |M)sterif>r  dorsal  rayn  inert*asin^ 
sli;;htly  in  len^rth,  tenth  lonjresi,  2  in  head;  <".uidal  rounded;  anal  similar  to  si.H'ond  dorsal,  next  to  hist  ray 
lonjjjest,  equal inu'  secon<l  df»rs:d  spine,  l.»i  in  head;  median  rays<»f  iH*ctond  lonjjjest,  upiH'r4  unbraiiehoil; 
fourth  ray  of  ventral  lonj^est;  inner  very  sh'inh'r,  uid)ranclieil;  «lorsal  prolile  of  head  and  Ixwly  a  littlo 
more  «'onve\  than  the  ventral;  upiH-r  prolile  ni  head  slopin;;  upward  at  an^xh*  of  about  4.">°  fn>ni  nnoiit 
to  front  <»f  first  <lt»rsal,  ;rently  ntunded,  di'scendinj:  in  vrentle  cnrve  t<>  posteri«»r  eml  of  )ki.s' of  HiH'onfl 
ilorsal;  upper  profile  of  caudal  iK>dniicle  straiirht,  iinri/.oiital;  mouth  but  little  oblique,  lower  pnifili* 
with  less  inclination  than  upper,  month  on  levi'l  i»f  Inwer  tliini  of  pi-ctoral  lin;  ventral  }»rotile  tif  })Oily 
Very  gently  and  rejrnlaily  curvetl  iVnm  base  of  ventraN  to  ba.<e  of  caudal  lin;  L'reatest.  depth  of  ImkIv  at 
front  of  lirst  dor^iil;  interorbital  very  narrow,  width  Irss  than  half  diameter  of  pu]>il;  eiitin' liead  ami 
Innly  scaleil  except  intiTorbital,  top  and  >id<'s  of  snout  and  jaw>;  scales  all  laiv*',  thox'of  head  s<*a reel v 
smaller  than  tluHe  of  body;  scales  below  eye  cycloid,  the  rest  <'teni)id;  pn>orbital  narmw,  lesH  than 
diameter  of  pupil;  ImmIv  somewhat  «'«)mpn'ssed,  width  of  hea»l  1.75  in  leiiirth,  widest  {tart  of  IwHly  vt*rv 
slightly  narnjwer  than  head. 

Color  in  alcohol,  Imdy  faded,  «reneral  color  brown,  about  i»  unequally  tlelineil,  dusky,  vertii-al  Itam 
on  siile  back  of  |K'ctoral,  a  .similar  band  over  nape  midway  hetwe«-n  eyes  ami  front  of  first  tlitn^al 
spine;  traces  t»f  pale  blue  spots  on  >ide:  di»?>al  an«l  anal  (ins  du>ky,  other  lins  pale. 

Color  in  life  ( lield  N«».  -21  ),  uniform  dark  with  rows«if  minute  blue  dots. 

Many  specimens  were  obtained  at  lioiiolulu,  where  it  is  abundant. 

Afit  rrnptt  I  fu  ki  inijuni'  titfn/-   I\I||i|h'I1.  .Vtl:»*  Fi-»ilj..  1:>.  pi.  !!l.  Wa.  I.  Ivjs,  U^-iJ  S»'n;  Kliin/iii>;cr.  Ki>i'!M.'<U'.H  Hot  lieu  Mecrcs, 

IM.  Vrrli.  K.  K.  Z-hiI.  li..f.  li.-.-ll.  Wii-ii.  1^71. 
Khtiirm  I  wimtstmniti  Hlci-kiT.  Tv(l>.  Ni-il.  IihI..  viil.  I-Vj.  Ivw'i.  i'i)rii>  I.-luinU. 
Kfottt'iiiim  rft'inoftiijui't.  IMri-ki-r,  Kiiiiiii.  Sik-*-.  \*\>'\  An-lj.  Iiiil..  U'J,  lsV.». 
FJintn.-- rijnii'n'tii/iiin.  aiUnh'T.  i\\U.  Ill    II'J    1*mV1  (S»:ji»I  ImhiPiii  :iii<I  Ki>U«»*  Nliimloi. 
lir'irhtiih'An"  cijuiimttujirm.  IJli-vkt-r.  Anil.  Nr«T.  ■-^•■i.    I.\.  ::iNi.  1^71.  \.  Hn"..  ts7."i.  sirrrl>.  \\n\\.  V ,  S.  N.  M.   No.  7.  ;Vs.  IS77  4(Hlhu). 
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SnOTA  Jenkini.  new  genai 


l->:.,u,  J^iikin.; 

,  new  KtT 

Ills  ..(  (i.J... 

>;..,■  (,7„, 

I!t'bte.l....i-t.. 

lOH'Iyt:. 

".i-line'-l'" 

.  lllt^ki 

Tv:  l(.Mty  nut  iri 

ivatly  .1.. 

niwl.-.  hi':i. 

iiiiiil  i-l<>n'ra(<'. 

II  nliirii  It  is  .)i!.tintriiish.-.l  l.y  ili.-  fi>ll..» UiK diar- 

III  intu  a  kii'l.  <l<if>^l  linf  si-|«rali-.  iii-itlic r rlornal 


233.   Eviota  epiphanes  .[ 


nlHiiiI  4  ill  liiaii;  H.  vi.  ID;  A. 'i;  si-aki'  ^.V-i!.  l!.-iy  iiin  clnrii-ati',  m-t  ir.iiijirey«-l:  hcail  nut  cinn- 
|in-ss.-.i  iiii.I  widioiK  kii'l;  iiiiiri.ir  i.hiiryiii.'cal  l-.rii-s  ti.>I  iiriil<-rl  willi  i-acli  r.tlii-r,<>aih  wilsiwl  t.iward 
il.s  I'.wiTi'iii!,  iii:ikiiii;iilriaiiviil;irix|p:m>ii..n.i-aili  uniiivl  for  aliiioM  it>'<-nlir.-  Icnclh  witli  rather  long, 
sk-iiik-r,  t:i]*riii);\illif.iriiile.'tli;  tt-.-lli  in  iLi,[,T  j.iw  in  a  lian.I,  ivi'lcst  in  fn.ut;  ti-<-l}i  viliilonii.  short, 
.■i,ni<>al,anil  a  liltlv  ■■iirv,'<l  iiuvar.i:  in  frr.iit  ..l  siiif  .if  ■■a.li  h;ilf  ..f  jaw  in  i.tUrr  H-rii^s  ami  ninn-  promi- 
nently I'urv.vl  itmar.!,  m  viT.it  larxi-  laiiini'-liki'  lii-lli;  tiflli  in  Ihwit  ja« ,  viilifunn,  straiiilit.  slender, 
Ia[«-ri[iL'.  ill  Kimi  uiilev^l  in  fp>nl.  n  liere  tliere  is  u  ;.'r<»t|>  ■<(  eiiliiTV<-<l.  Iiaikiviir'l-ciirvetl,  canint-libo 
t.i'lU;  v.iiiH-raii.l  iBilalin.-^  r.-irhlr:.-,-;  lininrhi<^i>t<-„'Hls-~<:  |»-i't'.r.i1  17  wys:  ihi's.Tiinii  ti.M.-venlli  (fn.m 


til.'  I..vver.sli;.>.  in.ln>iv.-.  I.i-un.l.cl.  tl rli.i-  ^illl!,l.■.  \h.-  H-\,.iiih  l.,iii:,-si;  a  ur>.ii|.  ".f  aUmt  (f  loniT, 

sleii.l.-rJiri-il,-4ik,-s],iii.-|.roj...-lirit;rn.iinl.r>.viiiviiis..|*ii|.-'.if  Ili.'nivs.anilexleii.liiijrl.ai«llvtliri.n)th 
.^.■.■,.11,!  iliini  l.-niiiiial  M-iii.-nf-  ..i  r.L^ ,  as  in  W-.,',-;  *>.nm.ls  il..s..  l.«.-ilier,  ..f  ..ii.'  sli..rl  s|.ine  and 
.'i  nn-.".  liftli  niv  of  i-a<-li  rixlun.'nlarv.  f.Mirlli  l.>iik.'.'M,  <>lhi-rs  sii.r.-T^^ivelv  sli.irti-r:  hrst  alioiit  half 
leii-lh  -if  t.mrtii;  i.l!  the  ray.',  .■:i.v].t  Hflli.  l.nui.'lie.l,  thi'  l.rai..-li.-s  very  slu.rt.  lateral.  ..n  the  onter 
sirleoiilv  iif  the  nivs;  kx-i-  i.f  [KTinral  larjri';  lon'.'.-st  mveiinal  tn  head;  ventrulschnrler  than  pectoral; 
d..rsat  lins  vv.'li  s,-|«ir«t>>i],  l.y  a  .lisl.in.-.-  t-n-ater  llian  a  tiiixl  ..i  the  I.ea.lt  s.v.in.l.  tliifl,  and  foiirtli 
di>rs;d  spine-  lonitivt.  alxinl  L>  in  heii'l:  tir-t  nifl  .loival  my  nnhrjn.hiil:  anal  an. I  soft  dorsal  rays  of 
alMint  utiiLorin  lieiyhl,  alninl  Id  in  heari;  inlL-rarliital  vi-ry  iiarniw,  Ii-ss  than  jHlpil;  eyes  aUnrE'l  i^on- 
ti)!non^:  vandal  |H-.liiiirh-  len;.'lti  -!..'>  in  Ix-ly.  depth  6.5  in  'iHxIy:  a  prominent  anal  papi'lla. 

('.>l..r  in  life,  tieneral  n>l.>r  hlne;  dark  verlii-al  l.and.'  inili.-.ld.-'l  in  the  loKly;  eaiidal  tin  orane«':  the 
tuarkirii.'s  <>ii  In-a.l.  IxhIv.  and  H-ah'^  hriL'lit  lirown:  Ix-ltv  l>hie.  in  f  >ni.-  sgNviniens  verv  hritriit:  Ihe 
Ik-Iv  tr.in-ln.vnt. 

Col.ir  in  al,'..h.iL  i.raiiw.  mark.-i  every  Hlie  re  with  small.  r..mi.l  bla.k  .loi:-;  dols  ..ti  to],  of  hea.1  and 
dorsal  iBirl  ..[  t«i.lv  Kr.in:K>d  into:i.-.as  whii-li  f..rni  s]-.ts  WtinTli  eve.' and  tilyl  .h.rval  .-ipine  almi,  «-al- 
lere.l..nwdesi.f  hea.i:  in  huh.- >;nm(i,-l  into  L' or. 1  short  ra.lialina:  lan.is  ir..m  U-I.iw  eye  and  on  ^i.ieof 
b<Hly,,S<>r<iv.Tli.-ani:inds.  Ihe  first  jiii'l  lock 'if  H.'iil.lhie  last  l>ef<.ri-k(st.' of  i-iindal  till;  nuiiieniiis  very  sinall 
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(lota  on  l)a.*H»  of  pectoral;  on  Hides  of  IkmIv  an*  nniall  crtveontic  groiipK  of  dots  on  wu'h  Hcale;  doraal  and 
anal  liiiH  punctate  dusky;  r»ther  lins  colorli'w. 

ThiH  description  is  Ui^e*!  on  the  tyiKj  and  20  coty|>ei»  taken  by  nie  at  Honolulu  in  1889.  The 
largest  of  thetii^  is  15  nnn.  in  length.  This  is  the  smallest  vertehnite  that  lian  u]>  to  this  time  1)een 
descrilKHl.  This  minute  Bi)ecie8  was  ohtaimnl  by  breaking  up  heads  of  coral  over  a  dip  net,  (Type, 
No.  50720,  r.  S.  N.  M.) 

234.  Gobius  albopunctatus  C'uvier  &  Valenciennes. 

Color  in  life,  whitish,  with  shades  of  i>ale  bmwn  and  dark  cloudings;  head  and  body  covered  with 
many  small,  |x>arly,  whit^'  s]M>ts;  coloration  of  dnrsal,  caudal,  and  ]KH*toraI  same  a.'^  boily;  ventral  milky 
white  witli  K>me  dusky  marking;  anal  white  with  dusky  margin;  l>elly  and  thrr»at  white.  When  seen 
from  a))Ove,  the  cloudings  make  .'{  rather  distinct  broad  Imnds  acn>ss  the  l)a(*k. 

One  hundre<l  and  thirty  siKvimens  were  obtained  at  Honolulu,  k  inch  to  4  incluv  in  length.  It  i» 
very  abmidant  at  Honolulu  along  the  shores,  in  marshi^  and  nx^uths  of  streams. 

Goln'uif  iifftoininctfituK  Cuvlcr  «\:  Vnloiu'ii-nnos.  Hist.   Xal.  I*»*l««..  .xii.  r>7,  1SJ7.  Islo  di»  FraiU'r:  (iiinthcr.  Tat.,  Iil,  'J/i,   1S61; 

(jiinther,  Fi>k-he  «Ut  Smlsvu,  vi,  172.  |»1.  ex.  tip.  A.  1X77  i  Fiji  awI  S<M'ioty  l8hiii«l«). 
(ifjbimt  iitbuht-imurtiitint  lii\\t\K'',\,  Nriiowirli.,  Fische.  l:W.  1K;v), 
fj*dfi'int  imnctiUntuft  Kui>|ii'll,  1,  <•..  ]k  i:ts. 

235.  AwaouB  g'enivittatus  (C-uvier  <&  Valencienm^s). 

Color  in  life,  general  col<»r  jiale;  sides  of  U'liy  with  shades  of  pink;  IxMly  with  5  or  <>  more  <»r  K-fh 
<listinct  transverse  bands  and  mottlings  (»f  dark  along  Uick;  bn>ad  black  InukI  downward  and  ol>H«|nely 
Inickward;  «lark  .spot  <»n  upiK*r  jKirt  of  basi^  of  jK'ctoral;  caudal  transverst^ly  Inirretl;  dorsal  and  anal 
with  lougitu<linal  bars.  Another  specimen  was  very  jKile,  with  alnnit  11  cn)ssl)ars,  le»8  di8tiii(*t  ft»r- 
wani,  more  <listinct  ]M)steriorly;  an  indistinct,  dark,  longitudinal  Imnd  along  middle  of  side;  dorsal  tin 
transparent,  with  black  sjn^ts;  caudal  tinge*!  with  olive;  a  broad  black  l>and  from  eye  d<»wnwanl  and 
Imckward.     All  these  colors  fade  more  or  less  «|ui(rkly  *)n  iKMng  Uiken  out  of  water. 

Seven  siK»ci!nens,  1.8  to  5.7  inchc»s  in  length,  wen*  obtaintMl  by  me;  and  two,  5.1  and  5.4  inchcH 
in  length,  by  Dr.  W<M)d,  at  Honolulu.     It  occurs  in  fr*»sh  waters. 

Gftln'tiM  fifniriitntux  rxwit'T  Si  Vali«nclciiiie».  Hist.  Nnt.  VdIuh.,  xii.  Cil.  1K<7.  Ottihiiiti:  irUnthtT,  ChI..  in,  IS.  ISill    (OtahofuO: 

(Ji'mtluT.  FiM'hr  diT  Smlst-r.  vi.  170.  taf.  vx,  ti*?.  ('.  1x77  (Tahiti.  Fiji,  ami  Sandwirh  IfilaiMlH). 
Aii'twiiii  fffnirittntini.  Fowler,  Pmr.  Ac.  Nat.  Sri.  I*hila.  1<«0(>.  .'>17  iSaiulwii'h  Islands). 


236.  Awaous  stamineus  (('uvier*&  Valenciennes).     ''(h)pii. 


>» 


Color  in  life,  Inxly  yellow,  ))ut  somewhat  transparent;  jMHtoials  and  ventrals  j>lain;  caudal  with  4 
bars  of  black;  first  dorsid  with  black  ilots;  .^e«'ond  dorsal  with  4  longitudinal  rows  <»f  bla^rk  dotH  and 
reticulati(»ns;  body  covennl  with  black  d(»ts  and  reticulations;  a  black  spot  at  I )a.^e  of  caudal;  l»eUv 
whites  g<»lden  spot  on  up|K*r  branch iostegal  and  ojH^rcle. 

Thirty-two  spiH'imens  of  this  species,  1  to  t*  inches  in  length,  were  obtaine<l  by  me  in  fresh  water 
at  Honolulu,  4  by  the  AUnitrom^  in  ISW,  2  by  Dr.  Wotnl  from  Ibmolulu,  and  4  by  Mr.  McGregor  frY>ni 
a  small  dit<*h  at  Hilo  in  IIKX).     The  largest  of  all  of  thesi.*  is  \)  inches  in  length. 

(titlH'iiit  ittiiiiumui*  Eydoux  it  SouU'yet.Voy.  Honlto,  Poiss..  17y.  i»l.  .'»,  t\^.  .%.  1.h41,  Sandwich  Islands;  (iiintlicr,  Shon*  Ffshett. 
<'hallonK<*r,  Zoo!.,  I.  part  vi,  '»«>,  inso  (frc^li  waters  nf  Honoluln  and  Hawaii't. 

AtnoHi:!  rntMsUuhn'ft,  Streets,  Bull.  I'.  S.  Nat.  Mu"..  Nu.  7.  .•>9.  1H77  (()ahu>:  F»»wlcr.  Tpm'.  Ac.  Nat.  Sci.  Phila.  IWW.  fil7  (Sand- 
wich Islands). 

237.  Sicyopterus  stimpsoni  ((iill). 

One  s|K»cimen,  .S.4  inches  in  length,  was  taken  ))y  me  from  f n»sh- water  stn»ams  at  Honoluhi. 

Sir;/iliuui  nthniiMitni  (Jill.  Phk*.  Ac.  Nat.  Sci.  Phila.  IVA).  101.  Hil«).   Hawaii,  in  fresh  water;  (inntlu'r.  <'at..  in,  93,  i«i;i^ 

Giinthcr.  Fischc  der  Snd^cc.  vi.  IKi,  1,S77  (Gill's description  ). 
Sicj/oplcrut  tttiinjifoni.  Streets,  Bull.  l'.  S.  Nat.  Mns..  N(k  7,  .>9.  Is77  (Oahn.  in  fresh  waters. 
Sicylium  nitjiim-nm  (tanthor,  Challenfrer.  Z<x»l..  vol.  i,  i»arl  vi,  tU>,  pi.  xxvi.  liir.  «',  ISS(>  (Hawaii,  fn'sh  water;  Honolulu 

fresh  water). 
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CHLAinDBS  Jtnkiiu,  new  genu. 

').     Ilii^iiiiniipheil  fnm 


e  ^nus  tw'nliiui  hy  the 


!>« 


238.  ChlomydeB  laticepB  Jt'nkiTie,  ni'w  Kjiccie^. 
Head  3  in  len^h;  ilvptli  4;  wi.lth  of  hnul  0.8  of  its  length,  'lepth  \.^  in  ils  length;  D.  vi-i,  9;  A.  i, 
8;  C.  17;  ventral  fins  uni;e<l  i,  o;  Pi'ales  :J.S,-I4;  heaii  ileprwwed;  ventral  profile  almost  straight;  doreal 
profile  rising  in  very  gentle  curve  from  lip  ut  snont  lo  na[>e;  ilor^al  anil  ventral  outlines  of  IkxIv  straight 
and  parallel  from  base  of  first  donol  to  front  of  anal,  from  here  slightly  converjiing  to  htwe  of  randal 
fin;  height  of  caudal  pedunde  '2.'2i>  in  head;  1,6  In  height  of  Ixxly  at  front  of  dorsal  fin;  mouth  almost 
horizontal:  snout  flat,  broad,  eijuai  lo  eye,  .1.S  in  length  of  head;  interorbital  very  narrow,  less  than 
diameter  of  pupil;  eyes  inclined  at  angle  of  4.^°  on  sirleti  of  ht^d;  snont  bluntly  rounder!  fnjm  above; 
top  and  sides  of  lieail  Hcaieil  lo  posterior  bonier  <if  pupils;  branchiustegals  4;  teeth  villifom)  in  bamls 
on  eaeh  jaw;  an  outer  neriei'  of  enlargeil  teeth  in  the  npper  jaw;  fourth  dor>al  spine  longest,  2..^  in 
head;  rays  of  xecond  dorsal  of  nearly  unifi>rin  heii^ht,  i^ligbtly  longer  than  fourth  spine,  2.3  in  heail; 
<-audal  roundeil;  nieiiian  rays  1,.t  in  heaii;  niiildle  rays  of  anal  longest,  2  in  head;  median  jiecloml  rays 
longert.  I.S  in  he.id,  Ihe  Iowit  14  rays  normal,  above  these  numerou!'  fine  cilk-like  rays;  median  rays 


otilings  .m  side  of  l>o<ly;  ventral 
:i'n  by  me  in  the  coral  rocks  on 


of  ventral  2  in  head;  lia^al  mcmhraiit' 
lioilyand  lop  and  sides  of  lu'a<l;  tlio 
enlarged;  those  on  hea<l  HniHller  than  Ixxly  scales. 

Color  in  alcohol,  plain  chestnut  brown,  pale  below;  a  few  rlar 
and  ]>ectoial  fins  dusky  brown,  ventral  pale. 

This  description  i^  l>asc<l  on  a  single  s[>e<'imen,  !..'<  inchcii  loti 
the  reef  in  front  of  Honolulu.     (Type.  X<>.  -iOTlii,  I'.  P.  N".  M. ) 

330.  Oobionellue  lonchotus  .lenkins,  new  sjiccies. 
Hi-a-l  3.75  in  length;  <iepth  4,75;  eye  3.fi  in  heail;  snout  3;  I),  vi-r,  12;  A.  i,  13;  wales  75-28; 
hewl  and  bo<iy  much  compres;>e<l;  width  of  bead  2  in  its  length;  de]rtli  of  head  1.5  in  its  length;  width 
of  l^J-ly  through  middle  of  soft  dorsal  4  in  heail,  O.-S  wiilth  of  head;  height  of  caudal  [leilunele  3  in 
heail;  caudal  fin  long  and  pointed;  median  rays  2.5  in  length  of  b-sly;  mouth  oblique;  euout  blunt; 
profile  of  lower  jaw  roundly  cimvex;  profile  of  head  steeply  rising  to  Itefore  middle  of  eye,  rounde<l 
from  here  to  top  of  heaii;  (iorsal  and  ventral  profiles  gently  converging  to  liase  of  caudal  from  its 
greatest  depth,  which  is  just  IwK'k  <)f  ba.-*  of  ventrais;  interorbital  extremely  narrow,  about  3  in  eye; 
least  width  of  preorbital  equaling  vertical  diameter  of  eye;  teeth  in  single  series  in  the  upper  jaw ;  in 
bands  in  lower  jaw  with  the  outer  series  enlarge<l;  no  teeth  on  vomer  or  |ialalines;  fourth  and  fifth 
dorsal  spines  longest,  1.3  in  lieait;  eleventh  soft  dorsal  ray  longest,  a  little  less  than  heail;  twelfth  soft 
anal  ray  longest,  equal  to  longest  doreal  spine;  cawlal  fin  long  and  pointed,  niedian  nye  2.5  in  length 
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of  IhhIv;  |in-tnnil  ixiiiiMl,  iiii-iliun  r.iVM  luti^'.-*).  mtv  >-tit.')illy  ):rcali-i'  lliiiti  liiiul:  vviiImN  (.ijiial  1i> 
hfH'h  i.nim')ii<i'-l<''.':il>'  4:  {.'iHniki'iv  wrv  snmll  ami  ^o'r.  iih.xil  i>  i.n  li.niTiiniiof  anh:  io-aW  n[i|iar>-iit1v 
vcrv  miM  :iii<l  v.-rv  ,i...'i.|ii..n.-.  ..iilv  ;■  (.■«■  |inwm-l  ..ii  iiiiv  ..( Ilii-  h|--.-iiiirTis. 

( \.1<.T  iti  lifi-.  t«iU-  traii:<liL<viiI.  nitli  i1 urkiii^-s  wrv  ■inlistiiK't.  tli<'>'>'  1>niiiKlit  out  1<y  thv  »lo>hoL 

('"lor  l[iiil.-<i)i'>l.  Iirotwi:  :il.i>iil  In  vrlinil  ibrkiT  limwn  Kilh  oti  xuU:  iii<listiiii-l  in  ol.l.-r.  .Urktr 
i-\uiiii>l>'x;  It  I r.iiiHVi'rsi'  Kiiiil  <>f  Ktim-  •-•.1i>r  on  ui\]h-  just  Unk  of  I'vi":  iiiiotlii'rlnini)  of  il:irk  limwii 
niiiiiiiiKil-iwiiw^inl  fr-nn  KiiiMI-  ot  1r.»rr  lionl.r  ..f  t'yi>  lo  Iwk  of  imt-l.- ..f  i n],:  :,  |,irKi-.  vvrCi.'ullv 

T1ti.-'.[.'..M'r>|>li"ti  i.'  I.il>.'.b.]i  III.-  ty|H'.  (.:i  iii.-li.-M  ill  [.-i.L'lli.  iiri.l  M't,'r.<l  .-..lyiH-.'.  iill  from  llowilulll. 
Tlii-v  \\>Tr  ,-Miiiht  ii>  irn-nl  iiiiiiilKrs  l.t-  tin-  I  'liiii.-^.'  jiml  ».M  in  l)i><  iimrk.'t.  »'hi-n-  llii>v  :in-  isilltnl  ari.l 
Mtrii  «itii..(rl  -■..okini;.     iTvi--,  No.  -■iNl'is.  T.  S.  N.  M.. 


240.  Enyi>nin8  oligolepiB  .li'iikiii>.  ii.'w  siHi'ili'. 
;  .l..].(li  .■.,::.;  .■».-   I  in  liia.h  -ijoiU  4,.^;    I>.  vi.  |-;   A.  7:   V.  i,  r.;  ]>.  15.      [^..Iv 

rai.-t  .l.'|'il>  !il>.'iit  II11.1.-I'  hisL  ilotviil  s|.iii.':  Ii.>itil  .'oiii|ir.'KM-.).  itx  .ii<|.th  l.2r)  in 
1  \l^  l.'iiL'tli:  iiit.-rorl.ilul  n^irrnnvrtluiii  i>iil<il:  |irolil>>ofMii<iil  Iihtiilly  nnimlisl: 
iiilliii.-  fi'iiiii  lu':i.l  to  lii-sl  .|nrs;il  ^lik'lillv  >'i>ni-:iv<-.  fr..iii  Ilii.-  ;r<-i>tiy  cur^'iiiK tit 
■nrvin;:  [mm  \\]>  .ifloiviT  jjnv  to  v.-lilnll  llii.  li.':irly  Mr-.iijilit  In  <iri>.'iii  ..f  anal, 
iiis-loi-^^il  vt'.'ll  ^-rKiniltnl  from  ».((  ilornil:  tiivt  1o  liftli  >-\.u\i-*  iil»iit  t^juul  in 
1:  III.'  lii.-'l,  sliorl.T;  soft  .l..i>nl-Iiditly  liiuliiTlluiii  -^i.iiioii-.l.irsiil:  aiul  alioiit 
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iK-^it,  0.2S  liiniriT  tliaii  lioail:  ventral  fin  alMiut  ciiuals 
rr  jaw  lurgf.  i'l  u  wiile  Iwml  anlerinrly,  in  a  ein^le 
ili-r  cnlarfn^l.  nulahly  i>erial  tuuard  front  of  sides  of 
ivtii  in  iipjier  jnw  i^imilar  1iul  with  fewer  canine-like 
■iitiv  stall-lew  with  theesreptiim  <if  a  few  verv  minute 


ely  (xmrlal.- will)  hUu'k;  ulxxil 

.,-].■  viTy  iiidi^tinct;  generally  1  i.r  1' 

I  r.iiliatin^  lam'ls  Inini  Inner  Ixinh'rnl 

ml  lL'<-<>Iy|i~  eai'liul»nt  LJ  iut-lies  l<> 
.pIiiIii.     (TyiK-.  N...  .W7I.=>.  f.  S.  X.  M. 


ilark  I 


i)Wii  vertii-al  Imu" 
ly  <Ii'lino.l  shnilar 
llie  lirown  hanils 

iIiikIu  )>y  lireakiiig 


Family  I.IV.  PTKKtlPSAKIKJ-. 
241.  Osurus  schauinslandi    SicimlHi-hneri. 


Family  l.\ .   ItLENMUli:. 

242.   Tripterigion  atric«ps  .Tetikiii!',  iirw  cim'irt'. 

lU'a'l  ":■■■  ill  li-n>rtli:  iliplb  ■>-";  i-y,- :'.  in  luii.l.  tK,iialin^  nni,nt:  li.  \v,  10;  A.  31;  C.  19;  }'.  15;  V. 
2:  K«les  :r:U-7;  il>')>tli  ••1  i^^m.lal  |h^Iiiii.'1i-  ::  in  liea<I.  L'.5  in  <le]>lli  i>f  Ix-ly:  length  of  randal  tin  e^inal 
til  ilei'lli  of  liinly.  4.i>  in  len;;[li:  [Hi'lnral  iiinal  In  lii>a<l.  :t.:t  in  ImhIv;  ventral  equal  to  I'auilal;  cnout 
ai'Ulefroni  ilU'Ve  ami  laterally :  ilorKil  jimlile  fomilng  angle  with  that  of  ehln  of  alK>ut  li-i°;  alxxit  ■!•'' 
with  l^lM!.'illlllillalaxi^"f  KkIv;  ilnr^il  [•nitileot  Mmiit  ri'-trntranl  liefoif  loner  riin  of  eye,  thence  ri.-in(: 
steeply  tnplraiiilil  line  fn.>ni  ti[i  of  sriniit  to  U-fiire  eye.  then  tnniing  liaokwanl  at  niiieh  gentler  incli- 
nation til  fiM't  of  Iir>l  'i.>r>al  (in.  whose  orinin  i.-i  t<iriiate<l  a  littlB  licfnre  posterior  lionler  of  oiK-n'le; 
greatest  ilejilh  of  tuniy  at  front  of  s<i'o;iil  il.in>al:  dorsal  ami  ventral  pmfileK  lieyomi  thi?>  [loint  con- 
verging: dorsal  pnitile  :inii-ri<>rly  gi'iitly  nmvex:  ["isterinrly.  ini'liiding  profile  of  jnilnnHe,  slightly 
I'lincave;  voiitral  prolile  from  ventruls  to  anal  evenly  ii.nvex;  luidy  cnmprwse'l:  jmsterior  [wrt  of 
liead  wider  than  thelKKly.  ih|iiiiI  t"ti.H"f  length  of  head;  wiiltli  of  l)o.ly  at  liaMi' of  pectorals  2  In  lieai): 
bai'kof  this  tile  width  rapidly  tii[>eri' to  very  narrow  <'auilal  jieiluncle,  width  here  t^|ual  to  pupil;  inoDth 
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very  Hli);htly  u1)lkjue;  lx)th  inten)rhital  and  sulKtrbital  very  narrow;  interorbital  but  nlightly  wider 
than  pupil;  Huborbital  a  little  greater  than  interrirbital;  Rpines  of  iirnt  dorml  of  nearly  equal  len^rth, 
alNHit  (N|ual  to  eye;  anterior  and  middle  Hpinen  of  wM'ond  dornal  lon^'st,  1.75  in  heail;  anterior  rays  of 
thinl  doriiial  again  abruptly  longi*r  than  laj^t  rayn  of  HiH>ond,  nlightly  longer  alno  than  longert  rays  of 
second,  l.fJ  in  head;  8tH!ondary  rayn  nipidly  shorter  to  last,  whirh  is  of  al)out  rame  length  b»  laptrayHof 
eeetmd  dorsal,  slightly  shorter  than  spines  of  first  fin;  annl  tin  of  approximately  unifonn  height,  ra^'s 
e<|ual  to  spines  of  first  dorsal;  |K>sterior  l>on1er  of  caudal  straight,  upfier  and  lower  3  rayfl  much  smaller 
than  others,  tijw  fret*  from  iM)steri(»r  edge  of  fin;  iHM'toral  j)oint€Hl,  middle  rays  longest,  lower  6  simple, 
others  bifid  toward  tip;  ti^'th  small,  simple,  in  iMUids  in  t*aeh  jaw,  widt^st  in  front;  an  outer  series  in 
<»ai'h  of  enlarged  tet^th;  no  eanini»s;  a  V-shajH'd  i>ate)i  im  vomer. 

Color  in  alix>hol,  general  color  pale  n»ddish  brown,  i>aler  ami  more  yellowish  l>elow;  snout,  siden, 
and  ventral  surface  of  head,  gill-membranes,  humeral  n»gion  at  base  of  iH?ctoral  fin,  I'overe*!  with  close- 
set  black  dots;  top  of  hcnid  mottle<l  with  dusky;  on  side  of  IhmIv  alK»ut  K  irregular  verlicul  dusky  bands, 
split  1k»1ow  with  the  gn>un<l  color,  giving  them  an  irregular  Y-shajK*;  2  bands  on  caudal  peduncle, 
simple,  apparently  i)nKluce<l  by  entin*  splitting  of  a  single  Itand;  caudal  fin  finely  and  irregularly 
croHsbanded  with  dusky;  dorsals  similarly  markiMl;  other  fins  plain;  blai'k  color  of  head  and  of  black 
latt^'ral  bands  on  Innly  not  contiiiut)us  coloring,  but  f<»rmed  of  iiumen)Ufl  ch)8i^ly,  evenly  distribute<l, 
small,  round,  black  dots.  C-onsidenible  variations  in  color  an*  not(Ml.  Some  have  no  blat*k  area  on 
hejul  or  shoulders,  t^xcept  small,  scale-like,  b^ack  sjxits. 

Scales  rather  large,  fine  ciliate<l;  lateral  line  stniight,  with  tulM's  on  first  19  scales,  ending  a  little 
iM'hind  middle  of  Ixxly,  here  dropping  to  s«H*ond  s<*ide  r<»w  Inflow  and  going  farther  liackwanl  for  4 

ni<»re  S4*aU»s. 

T.  atrii'fjts  is  related  in  T.  hnnimrhtu  but  differs  in  the  mnnU'r  (»f  dorsal  spim's  and  of  dorsal  and 

anal  soft  ravs. 

■ 

This  des<Tipt ion  is  baa**  I  on  the  tyin*,  No.  5()71t),  V.  S.  N.  M.,  a  s{K.HMmen  alNHit  1  inch  long,  an«I 
M  »'otyiH»s  ciiught  by  me  at  Honolulu,  by  bn^aking  up  lunids  of  cond  over  a  dip  net. 

243.  Salarias  brevis  Kner. 

One  siHH-imen  of  this  si>ecies,  4.*)  inches  in  length,  is  in  I>r.  WocmI's  collection.  Structurally  lliis 
sjiccimen  s<'ems  to  c<»rres{Mmd  to  Kner*s  d(^'ription  and  figure,  but  the  gnmping  of  the  spots  in  my 
example  differs  from  that  shown  in  K tier's  figurt*.  The  example  dt»w'rilHHl  by  Kner  was  from  the 
(Mwleffroy  MumMim  from  Savaii,  and  to  the  time  of  this  rtHM»rd  was  the  only  known  specimen  of  the 

SlKH'il»S. 

Siilnriaf  brrviit  Kiut.  Sitzh.  Ak.  \Vi»j«.  Wini.  i.vm.  IWW.  XVi.  taf.  »i.  tijf.  1«;  (JniithtT.  Flwho  i1«t  sadiHt'.  iv,  ISW,  Uf.  IIM.  fijf. 
{'.  1HT7. 

244.  Salarias  cypho  Jenkins,  new  s{H*<'ii*s. 

Hi»a<l  rt  ill  length;  depth  5;  eye  4  in  head;  snout  4;  sulH>rbit4d  7.<»  in  head,  1  <i  in  eye;  interorbital 
;{.">;  1).  XII,  22;  A.  24;  (\  17;  I*.  14;  <lepth  of  ai)ex  of  caudal  ptMluncle  2.25  in  head;  width  of  body 
at  bases  of  jK^ctorals  l.(J  in  hea<l;  middle  of  aiK'x  of  caudal  piHluncle  etpial  to  one-half  diameter  of  eye; 
profile  of  top  of  head  straight  horizontal,  licfori'  eyi^  sloping  downward  very  sharply  to  mouth;  lower 
jaw  in<lude<l;  lower  profile  of  head  inclintHl  gently  downwanl  from  symphysis;  mouth  horizontal; 
dorsal  pn)tile  almost  straight  hikI  horiztrntid  from  origin  of  dorsal  to  middle  of  soft  dorsal,  inclined  slightly 
<lownwanl  from  here  to  kise  of  caudal  fin;  iH'lly  flistende<l;  pn)file  from  fnmt  of  anal  fin  to  Imihb  of 
caudal  straight,  gently  inclineil  upward;  a  simple  filamentous  tentacle  on  middle  of  eye  e<|ual  to 
diameter  of  eye;  a  large  dermal  (-rest  (mcK-ciput,  iNjual  to  snout  in  length,  2.4  in  head;  no  canine  teeth 
in  either  jaw,  single  stories  of  comb-like  teeth  in  margin  of  each  jaw,  up|>er  forming  a  semicircle; 
dorsal  l)t»ginniiig  above  upiK*r  end  of  gill-slit;  anterior  spim^s  s<»mewhat  curve<l  Imckwani;  first  spine 
1.75  in  heiul;  secoml,  thinl,  and  f(mrth  spines  longest,  \.l\  in  hea<l,  the  following  regularly  decreasing, 
last  2.75  in  head;  first  ray  of  second  dorsal  abniptly  longer  than  la.**t  of  first  dorsal,  se{)arate<l  from  it  by 
a  greater  interval  than  that  l)etwtH»n  ctinmn-ted  spim»s  of  first  dorsal;  membrane  iK'tween  the  two  fins 
deeply  notche<l;  first  soft  ray  very  slightly  shorter  than  lirst  spine;  rays  increasing  slightly  in  length 
to  fifth,  which  is  !..*{  in  hea<l,  wpial  to  longest  spine;  succecMliiig  rays  alnnit  e^jual  to  fifth,  except  pos- 
teriorly, where  la.Ht  short  ray  (Njuals  2  in  head;  first  anal  ray  hidden  in  membrane,  weak,  one-half 
diameter  of  eye.  siH'ond  anal  ray  3  in  head;  succee<ling  rays  gnidually  but  slightly  increasing  in  length 
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til  Hixth  from  t'nd,  which  in.  a  lillle  trreater  llian  half  tiewl;  lart  anal  ray  a  lillle  longer  than  flrt>l,  li  in 
h«ail;  tmnliT  of  iiieiiibraiie  notched  lietwccD  each  '2  ray.';  li|w  of  rsya  curveit  liackwanl;  la^  anal  ray 
op]io«<it(.'  antepenultimate  il<in«1  ray;  una)  tin  not  eonnerteil  with  I'aiiilal;  la^  Otiifttil  ray  connected  by 
meiiihrane  Willi  npi"*T  cilfrt"  of  cait'lal  [itiluncle  and  law  of  npper  rjiiiial  ray;  ixcterior  biniler  of 
caiidiil  roundiil;  pii-tor.il  ]>ointe<l:  tenth  ray  fmni  above  lon^e^t,  eiinal  to  lieail;  ineitian  cau<lal  Tsyn 
4.:S  in  k'ninh;  ventral  ci[  2  Mniple  ray^;  Inner  sli|fhlly  tlie  lonjfer,  1.5  in  lieail;  upfier  n<>t<lril  fiinple, 
liehiw  i-enter  of  pnpil  anel  rhj^v  to  aiilerior  rim  n[  eye;  anterior  nostril  beliiw  jKisterior.  iH'tore  middle 
I'f  I'lwer  lialf  of  eye,  witli  a  fringed  tentacle  on  iipinT  nianni)- 

Cotor  ill  alci^liol,  plain  diirk  lir<>wn  abi)ve.  |>aier  brown  lielnw;  dorxal  lin^  limwn  with  darker 
margin.'';  ^eeund  dori«t  with  ]inrnt-r>int<  pmall,  ol)Iii|ue.  ilitiky  brown  r-1reaks  lit-tween  the  rayp;  anal 
i>rown,  pale  at  ba>e,  l>e<-»niin;.'du;'ky  bronn  at  mar^'in;  ti{>!<  i>f  rays  colorless:  cauilal  fin  dusky  brown; 
(HVloral  brown  like  side;  ventral  pale  hrown;  very  indistinct  indii'atiiina  <if  veilnl  diL-ky  bands  on 
fide  of  Uhiy.  Spei'imvni' vary  iniicb  i:i  mlor.  Siinie  have  a  ground  color  nf  |«k'gray,  except  tup  and 
front  of  head,  which  i:i  >uch  siKvijncns  is  li^ht  l>rr>wn.  The  fins  in  all  [lale  brown;  marked  as  in  the 
ty|io.  On  i-M-h  side,  however,  are  aUmt  .I  distinct  veileil  brown  lands.  (Generally  all  Imt  the  la»t 
•2  are  njorc  or  les"  illstinctly  Fjilit  vertii^lly  into  a  pair  i>f  laiiils.  In  many  wich  p[>eciniens  the  brown 
I'olor  is  fiiiind  ■•n  the  liack  and  the  iwile  Kruund  iMlur  api>eam  a?  a  series  "f  7  pale  ^fiiits  along  the  fide 
'if  the  dorsal  (in.  ci irresp- uidini;  in  juisitinn  wilb  ihe  [>alo  inlcrspaecs  lielwcen  the  lateral  verti<-al 
Uind-i.     Then'  is.'vi-rv  itradalinn  in  ci.lir  l«-l«-i-e!i  the  s[>e.>iinens  ihns  mark<-<l  and  those  that  nr«almo!4 


plain.  The  Utki: 
have  Ihe  {ude  ami 
slight  indiratioli  . 

Tbisdes<-ripii.>ni.-lms.d 
and  .'<4  i-oIv|H-s.  all  fnmi  lb>n. 


245.   Salarias  mannoratua  (ISenni 
iif  tliii*  liiiecies  wen-  taken  by  me  frcnn  Imli-s  in  the  i 


■«-h,- iliT  tJiiil-f,-,  3H.  pi.  IK.  fig.  B.  1*77. 

246.  Salarias  variolosus  Cii 


i;  Vsler 


Color  in  life  (Held  Ni>.  2771,  brownish  olive,  liphter  anteriorly,  jBisteriorly  diifky;  heail  and  face 
with  bright  n-fl  dots;  npfier  half  of  anterior  niar^n  o(  dorsal  bright  reii;  posterior  portion  of  doii«l 
dark;  anal  clark,  aliniist  black;  I'audal  dark,  npper  man^n  re<I;  |>e<'Iorat  iilikaceons. 

Five  Jipec linens  of  thi^fi>ei'i<«,  2.1  to  1'.6  inches  in  length,  were  obtained  at  Honolulu. 
.■infarini  niri.i/*™.  CiiviiT  A  ValfnWeniui-,  Hii.i.SBi.  IViiw..  m.  317.  liQK,  Uiwn:  Fowler.  IVr.  Ar.  Nai.sri.  Ph11».19Uu,.11>' 
Itandwieb  Iflandsi. 
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347.  Salariaa  •altauB  ■li-iikirii',  ik'm- i<]hi'hi'. 

pli'inU-r,  nmij.n-SM'il,  ttiiitli  ilinmirh  [ii'i-ttiralp'  'J  in  hfml:  \init\it!  <if  Hiimit 
llicii  liiil;!i[it;  sliuliily  diruHnl,  i'urvin)c ii|munl  U[iil  lui'kwunl  Hniiiii'l 
-ixiintikl,  niiitiijiiiii);  in  i<tr:ii^'li1  lint'  uilli  |>nili1i'  nf  Iku-Ic  tn  ]H)i4f>ri(>r  t-nd 
K.ili  .l..rNi1  iiml  vi'iitml  (iroHli-x  t-»tivi'n:iiiK  1"  1>um-  <>(  (^wImI:  vi-iitnl 
III  nil  null  In  ]ici:'ii>ri<ir  I'll^-  •>(  ^'ill-mi'inlinini-;  fmin  litiul  ti>  font  of  nnal 
riillhlly  i-iiiivi'x;  iii'intli  ini'litiiil  Hli^rJiily  niiwiinl  |HK-li'riiir[y;  cyi'  iiIhitiI  in  hiijht  Bnti'rior  uiiftlo  ••{ 

>U-Ti<>T  iiixXril  siiiiiil>\  iihiriHl  :i)<i>i-i'  hikI  >' i-wliut  lutcnil  to  tin- 

ili-riiir  iioHlril  uilli  ii  s<i[t,  Khorl.  Iir.ini'luil  ti'iilai'le  on  itii  njiiicr  rim: 
i-yc  I'iniiliir:  u  i<iiii.'lc.  libiin'iilcms,  tii]HTiii):  ri-nturli'  nluivi'  i-yv-  hvit  iinlt'ri>>r  liulf  ot  pngiil,  nut  ijiiitt:  ai< 
liiiiK  lis  iliiiiiH'ti-r  'if  i-vi'i  cvc'!'  inc'liiu'il,  loiikin!:  luti'mllv  Hiiil  iijiwar.!:  iiitcrorbiliil  ><iiuiv  viTy  iihitow, 
l>-H»  tliiiiKliiitiiH.Ti.f'inipii:  Hi)K.rl>i(al  ti  iuh.-ii.l:  uWtli -if  li<-j<<  iH-liiml  i-yt-  c-on1iiin»<'.ve  L>..=>  timiv; 
^'i1l-><I«-tiinv's  br^t'.  iiK'tiil.raM.'.'^  hr>u«l1y  iinil<-l:  tt-.-lli  n.nvuhlr,  foniiiii^;  a  liiii'  miiili  alotiK  iiiarKin  of 
i-:ifh  jiiw:  n-i>II  within  iIk-^:-  in  lm>  k  ul  t.>\vt'r  jiin ,  ii  Ktiiiill.  iNickuunl  iiirvfl.  i-:iiiiiie  imiih  in  Mcli  jaw; 
limni'liiiii'K'ailHll;  ilon-d  tin  il.'i-jily  [i<>l.'hi>l;  .lo]>:il  r^piin'^  l.iu,  Itrylof  Mint'  Icn^tli  an  liixt.U.Ain  licwl: 
M)ih)<i>i;riiili)tilly  iinT(.ii-ini:liiH;irii  niiililli-  "f  (in,  tln'ri>  l.nim'Kl,  4..S  in  hi-uil;  lirst  «ifl  my  ii  little  Ioii^t 
tliiiii  1oii)!C!'t  i<]>in<',  I.T'i  ill  lii-:i<1;  H<if1  niys  nf  iinifonii  1i'ii;;tli.  from  fmirtli  to  I'miKii'ntli,  liririK  '■■'  in 


ll.iuW. 

75  ill 

I.-I,«lll;  .i..[,l 

tnwl  r..r., 

Ito 

,ly  -1, 

.iijnitf. 

iC  vrrtir 

ullv  1 

l<»-  1-VI' 

;  |,M(iI,- 

ofl„| 

.of    1l 

,:ul  il.> 

v.'on<l  .1 

nrwil: 

fn.n 

I    IllTl- 

!i1<'of  Ik 

■tu\  ')< 

iinatr., 

vi'x: 

I>  im'lii 

'  of  li<-a< 

i,    .In 

.s<-    lo 

,,r.,lil<. 

'rinr.  U- 

for.-  .■ 

.nl.r 

of  fupi 

li.i..i:  tiu's..M  .t..i>;.l   l-in.u'  .■..i.>i.lrr;ilii,v  .ii..iv  ..li'vat.-l  tiuiii  ;l riur  .|nl>:il.  r.iys  ki,k  of  fcnrlwillli 

.).',Ti>ii>iii^'  in  si/.',  iii-t  <-.|ii:i1  I,.  hi~t  >).iM<-;  iiii^il  r-iiniliir  in  »li:i|»'  :ii>.l  si/r  1'.  soft  .'lorsul;  ,'MvM  fli}ilitly 

r.>iin<U'<l:  i linn  niys  ;i  littti-  [■■hhit  timn  IicikI:  i-<'i'ti>r:il  i><iiili'<l  uiili  1  (  my.  niislU i^ii  liuiin-Ht, 

ull'-iin|>l-:  vi'iilr;il  in-.  iI'mI  l«'f.,iv  lui-H-..f  ]..-.-tMr:il.  U.1o»  ]»»t.'ri.Tr  .'i>.U..(  i.r.in.-liioxti'KulK,  .>f -iximpU- 
niys..f»  lii.il  (I.,,  inii.ri-  lli,' l.ini.'.-r;  .■iimliil  nf  17  r.iy-;  liM.T.il  lin.' ].ivs,'nt  ..n  iinl.-ri.ir  Iwlf  of  hnlv, 
.'\t lin^-  in  u  L'.-iilt.'  .nrv.-  fmin  n|.|..T  .-nil  of  pli-slit  ui-\r  \;:\- t.i]  Iu  miit.tl.'  of  siil.'of  1—ly. 

('.■Inrin  lif.'Mii'liI  No.  V--2\  ui'n.Tal  <'nl<.r  ..Umuh-oih,  i\i<li  l>ro\tn  n'li.-nlalioii:'  .m  lin>.  iin.1  h<tul; 
II  liiK-uf  ]H':irly  li^'lii  l>ln.'  ilots  i iMn^iln.linal  r..w>  aloni:  U.ly  il.r.v-l'.urtli^  >v,iy  'lown;  Ih-I.iw  I1iii> 
ni:int  ^|ll.ts '■(  >;inu' oil.ir;  ilniviil  tin  nitli  liliiik  s]mt  i^n  :iiit.Tii>r  |iiirt  lanlcrinr  iijiiMT  ati«li'l;  margin 
l.n.«n;  tin  .i.v.t.-I  uilli  many  vvliilv  .lots;  una!  nniiiark.-l  .'Mi-i>t  :i  inaniiiail  Uiul. 

(■..Ii.r  in  al.-..li..l,  ..r. i  imIof  i«iU-  l.r..wii:  ii|i|H'r  half  of  m.K-  ,risM-.l  l.y  .S  in.listinrt,  uri.k-.  (hiRkv 

v.-rii.'al  Kir~:  u.-ianil  o'lor  of  1i,-;i<l  )v(lf.  .-..vi-r.-.l  al.MV.-.  I»-I..u.  aii.t  ..n  Mv^  willi  nnnion.iH  fniiall 
Hliiti'>|"il>.  tln'  |m1.  iL-ioinnl  .■.il,.iii].]H-arinj;a-'ii  rHi.'iilaiion  U-lwn-n  thi' sjK.ts;  M-vi'nil  lon^tiulinal 
^..rii-s  oi  ,.-uialI  oval  .>r  .■loiii.Ml.'  uliit.- sj-iis  on  I-hht  Iialf  ..f  si.l.-:  lins  i«l,.  l.n.wnisli:  soft  <)iir>«l  ninl 
.■!iii.lal>[ioi(.'.l  uith  «liii,-:  s|.irioii-.l..r.-al  ttilli  a  l.lii.'k -|".t  ii.'t(v,-.'ii  tir-t  mi.l  «Hi.iid  s|iim-:  w.ft  uiinl 
uiili  ui.i.-.li]-k,\  lH.i-.iiT.  li|."..f  i.|,in.-s  nliilc:  i«-.'toral  |.laiii  l.r..»ii  uilli  ^|».t!' l.iu-unl  it.t  Ikim-. 

Tlii- -l.'-i-ii|.ti..n  i- Ki'i'.|  .ill  111.' lyi-'.  N...  .""NV.ni.  C.  S.  X.  M.,  :'..l*  in.'l...,.  in  l..iii!lli.atKl  2nrt;yjH*. 
.aii^lit  in  liol.-s  in  tlir  l^"-ks  al  low  tiilr  iiciir  II luhi  in  lss!i. 
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248.  SaUrioarutUuB  Jenkiti 


w  wiwciw. 


I  hiail;  I».  XII,  20;  A.  i,  21:  C.  \'t.  l\  14.  Prcililf  of  \u-a>\ 
iliiri'in  •ullanf;  profile  of  hat-k  and  lii-ad  tnun  eye  l<>  linw.- 
ofwtt 'lomil  ^rai;!lit  Bii.l  hori»iiitiil:  •lumit  aii.l  ventral  protiW  of  I-bIv  fnmi  luve  of  Hift  iliirval  ami 
aiial  tiri^  slightly  iitnvf  ivini^  i"  ajiox  of  i^ixial  [leiliiiK-le.  whosp  •It-pth  is  2  i[i  ili'|ith  of  IhhIv  tlin>ut!h 
|ie<tordl,  or  10  in  Icliuth:  loxiy  fcnii|ires«il,  widlh  iki-n-jfin^  |>.>slf riorly i  wi.llli  r.f  ai«'\  of  i-aiiittil 
IHNluni'lf  les^  thau  iliamcttr  cif  |>n|iil;  )>n>rilf  of  snciit  ^li^litly  nivlinK  frmn  rvi-  to  iii..iilh:  |>n>lili- 
U'fi>n>  anil  uluvf  pye  [iniiiiinenlly  Liiluinir;  eye  at  iip[K>r  aiiliTiuraiijilt' of  siiU- uf  lii;iil,  front  of  lieaii 
frimiiiic  ail  iMiKtvIti'  trianulf;  iiilt-mrliiuil  vi-ry  narrow.  !««■  Ilian  iliainflcr  of  |ni|iil:  sulHirliital  t>  in 
lii-ail;  lirain-Jiioslfjnllf  ■'.  n]>]"T  unc.-;  imgivlina  Iwyonil  i»*t<Tirir  end  of  o]hti-1i'1  a  small.  Iiai'kuani 
i-iirvi-.!,  <-j:iinf  to.illi  in  Isuk  [art  of  i-aih  A'le  of  loWi-r  jaw  well  Hilhiu  tin-  outer  tettli  nliitli  fonn  a 
U.ni.T  1.1  ,-.i.li  jaw  i.f  .-.  small  t.ftli:  a  tine.  sl.Ji.lcr.  sini|il.-  ti'iilailt-  over  tlio  rye;  numtli  incliniil 
sliiTJitly  njiwarl  |-iKileriorly :  etiiii  slu]>ini!  iiat-kwanl  and  downwanl  from  nii>iilli:  jfill-ojienines  lar)^. 
niemliers  nnitfl,  fiLii-<l  witli  ir^tliniiis:  lower  jau  iiK'lnded;  dor>>ul  ciiincii  uf  nearly  nnifurtii  lieijihi. 
niiilian  on.-  l.>np^,  2  in  hi-a.l;  \a:tX  fine  ciin.-^iileralily  sliorier.  alannt  :l  in  hwjii;  a  deep inci^'ion  betwei-n 
liivt  and  Mi-onil  don«]>;  Ursl  ray  of  lieeim.l  .lonwl  nli^iihtly  I'horter  tban  lonjn^t  ray  of  liivt  ilonqit:  la^t 
m(l  my  .if  sanielenj^hay  la.--t  fpine  of  (irsi  dor^l:  other  ravH  i<li)fht1y  el<in)»te.l  towanl  niid.lle  of  flu; 
M>ft  d.>r«l  not  uniteil  willi  the  i-amlal:  anal  similar  In  sue  and  sliajic  to  Boft  .J.'nal;  lai<t  r.iy  o|>p»Hile 
pi'niiltimate  .t.irsal  ray;  .'Hndal  fli^htly  r.>un.le.|,  me>lian  rays  nearly  i-inal  t.i  len^h  of  hea.l;  jHH-toral 


V 


itU-  (■ 


1 1  fr..i>i  I 


[I  lltl 


../.;.,  ..uliM.m,.  .,„,„...    T>,... 

I.I  .aildal.  n.'iirly  t-iual  to 

l.ea.l:  lalenil   line 

f..nnlnK  » 

f  t.'ill--l>t  t..  mi.ldle  of  i^ide  ' 

.f  1— iy:  veTitnll  ..1 

F  2  mmple 

i.-ad.     SiriH-tnre  un.l  l-mii  al 

lm.»i   identi.'al  wi 

til  that  .if 

i.'iiloratinu. 

Iilisli  l>ri>nn:  lower  pari  of  < 

i-in-n-le  ami  l.iwer 

^iirfat-e  of 

neMU:.  .-mall   n-.l.li>1i  .lark  h 

ri.«n  Sl-i|s;  s[-its 

extend  Ini; 

■riorMirfaiviit  pi-eloral;  r^iiU- 

of  Ih-ly  will.  !.  (i. 

Lea.'h..f4 

lia.-k  ..f  Ifflse  .if  [-vlnral.  Wl 

]»>t  liefon.-  1««- 

of  <~.m<lal: 

ler  than  inlen-i Wei's:  p.>sterii 

■r  iim-s  cijiial  lo  ii: 

iten'iuu-e*'. 

.S(''iri.i^  ^■./{■i,.>.  the  .'hief  diFft-r.<n.-.-i  K-intr  i 
Color  in  alodiol.  smund  i-oLir  i<il,.  n' 
)iea.l  iiu-liidim.'  lh<-  v'ill-'ri.-mUrHii.-s  » ith  nu 
on  si<lf  of  Ix-ly.  left  of  |ie<'tnr,>l  aii.l  on  ant 
!i{M-eini<-ns  >  verlieal  tlnpiky  iMndii:  lirsl  jnst 
1«nils  ttidi'st  anteri.irlv,  theri- tliev  are  wii 

split  al-ive  and  U-l.iw  and  s..  inva.W  by  ^-nmnd  ,-..l.ir  that  Ihey  have  a  .i.mlili-H  form,  .me  H  ah-.ve 
the  other:  In-lly  plain  |uite:  a  black  i|nadrule  H|Hit  tietween  the  ti|«  of  tirnt  ami  second  d.ir>-'Rl  spinee, 
the  [>art  |ietwn-n  tirnl  ami  sei-.>n.l  a  s.ili.|  htaek:  liack  .if  the  niaminal  half  of  lin.  and  |Kk^eriorly  the 
whole  fin  with  nv<il>ir  hroun  hloichiE'  f.inninir  very  irre.,;iilar  lonintmlinul  iMnib:  t«>f(  d.irtial  similarlr 
ntarkeil,  linst  Iwn.js  nioir>  detiniti'ly  f.iniie.1;  on  fofi  .I.>n4il  simtii  mostly  on  sjiini?!:  eatKlal  spotteil  hke 
i)iir«al  lini..  sjniIs  forminv'  on  it  vertical  lian.l.":  anal  tin  with  a  diL'ky  marpn.  f.inneil  of  a  dnsky  area 
on  niemlinmes  kick  .>f  tlji^of  rays:  a  seri.-s  of  verti<Mlly  elonKale, oval,. lark  lir.i«-n  spotiialonifmidilte 
iif  tin:  ventral  nnmarkt-.):  .m  anterior  part  m"  si.le  of  inKly  ?mall  hrown  s|-^.tn  on  Ixith  lilai-k  Uts  ami 


This  .l.-s.Tiption  is  lia.-:f-.l  .m  the  ty|>e.  >'o.  .^>«l.i.  I'.  S.  : 
smallest  2  inches  long,  canght  by  me  in  boliv  in  the  roeks  at 


M., 


liingi 


ixt  A 
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249.  Avpidontua  brunneolua  .IcnkiiiR,  i 


HuHil  4.;t  ill  lcn);tli:  .U'[.lh  ."j;  i-yi-  :i  in  in-*!;  Hiiuiit  5;  I),  31;  A.  lit;  I'.  14;  C.  1»;  V.  2,  B*>dy 
Bon)<:'wliat  elongate,  ileeiHVt  itl  anterior  eiiil.  ■■oniprevHe'l,  wiili^  unloriorly;  hviul  (M>mi>re»KHl  Itnt 
Blitfhtly  wilier  tiiaii  IhkIv;  |irr>flle  (ruin  Hnoul  tn  tup  «(  lieail  ulioiit  a  fourth  of  a  i-in-le.  fritni  tliia  point 
Itently  rifinK  to  a)Kiiit  luiriille  of  iloiKal;  (iroflle  of  chin  and  linttHt  convex;  l>elly  Rlightly  btilKiiig: 
from  vent  )ioth  i)onwl  and  V(!ii1ral  oiithntv  t!ra(l"*'ly  i^nverve  to  isudal  jKilunde;  drjith  of  uauilal 
peduncle  iilwut  3  in  dfjitli  of  Ixxiy;  lN-t;iniiinK  Hlixhtly  in  front  o(  )>i.vtoral,  don«l  fin  liiKhe«t  at  alxtut 
twtinty-lliird  ray,  lenKtli  5  in  IhmIv,  1.8  in  lieait;  lai>l  ray  nnit»l  liy  iiieuihmiie  along  itii  whulv  Ivni^h 
lu  oindHl  fin;  <-fluila)  mnndiil,  1.2  in  licuil;  anal  tin  lower  Ihiin  the  ilorHal,  middle  rayit  the  ]i>n|ptit, 
alHjut  2  ill  litwl,  Iho  last  niy  joini>(l  to  i-amlal  by  a  membrane  itH  whole  k-nttth :  jiectonl  Homuwhat 
)>ointe<l,  middle  rays  longest,  l..t  in  head;  veritralK  Hlxiiit  (-ijnal  to  ilcpth  of  iKnly,  miter  ray  the  loniter, 
fatlinic  ciiiMiilcrahly  chort  of  the  vent,  Rlniut  half  iti'  len>;lh;  ti-eth  rather  )on)t,  cloi<e  net,  iii  a  ainglt- 
series  in  each  jaw;  a  liackwuriUy  i-iirviil  canine  t'with  in  llii'  i"iilc  of  each  jaw,  the  lower  th«^  larger: 
entire  head  and  lioily  walchi*';  cltin  with  iinniiTDiui  Huinll  warty  elcvHlioni<. 

CVili>r  in  alci>hol,  dark  l>n.>wn,  IliiH  hlacki^'h:  in  life  iiniforndy  black. 

Thid  dt^Tijition  in  liaw-il  on  the  type.  No.  ."iOTlS,  V.  S.  N.  M.,  l.*J5  indicH  toiig,  and  IHcotyiKi', 
Mlleite<1  by  me  fr<nii  the  i-onil  riMks  at  llunohilii. 


Knmity  l,VI.  HR(ITLL1I>.4-:. 
2R0.  Brotula  maT^iiiBlis  .lelikin 


Kamily  LVIt.   I'LEUKI)XECTII)-E. 


301.  Platoptarya  pantherinus  |Kii]i|H'll  i. 

II  the  eyed  «,le  « 
er;<<.f  mopi  oE  wh 


Color  ill  life  nf  a  I'miill  example  dU-l.l  No.  ];tl»,  on  the  ct 
with  ntimerr.ns  whitish  and  brownish  iiatclii';'.  tlie  (vnler;<  <.f  n: 
colorinj;  niviiiti  tlio  ajiiM.-araniv  of  s  Mlinie  cuveii^l  with  niimi 
l.arKtT  ii[iecimen>'  hIiiiw  the  i=anio  niarkinjn",  the  ['(Mils  lieiuj;  latv* 
a  lance,  brown  t<]Hit  on  the  lateral  line  two-lhinlf  nf  tbe  way  Imc-k. 

Twelvo  cxainph'M  i>(  thi:^  K]>e<'iei',  from  <t  to  4  inchei>  in  lenv'lh 
M'>whH)i|HiH(j»rrJiof>Ri)ppcII.  AM.  Ki'i'.  N.inll.  .\[.  Fl.ih..  IL>1.  jil.  III.  (IkM.  ^f^ 
KhmlnttlrUliil'  pnH*VrfH»..  Slr.i^w.  Bull    r.  n.  Snl.   Mh-..  N...  T.  r.T.   1ST; 


I'ral  color  IIkIiI,  ii>veml 
I  ii'iitain  email  duta,  the 

rhiii!':   the  vycUiw   wdo   whitv. 

il  there  in  in  the  (p-eatt.<r  number 


/YrififiA, 


.  Sleiti'li 


f.  Ak.  \ 
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Family  LVlll.  AXTENNARID^. 

262.  Antennarius  comxnersoni  (Lat'eptnle). 

One  specimen  is  in  my  c<>lle<-tion;  it  was  not  seen  fresh.  In  alcohol  it  is  dark  hrown,  almost 
black;  side  with  black  si>ot;  a  black  six)t  on  l>af»e  of  jHx^iterior  rays  of  anal  and  of  dorgal,  a  whitish  spot 
al)ove  l)ajie  of  i)ei'toral.     It  corresprmds  fairly  well  with  the  figure  in  Gunther,  Siidsee,  plate  103,  fig.  B. 

fjttphitnf  cowmerfoni  I^cOptVle.  Hist.  Xat.  PoIks.,  i.  :^27,  1801.  South  Seio*. 

Antf^nurims  cvmmermtiii,  Giinthur,  Fiwhe  der  SiuWe,  v.  lt>3,  taf.,  100  to  104,  1M76  (Raiattti,  Boiiham,  Tahiti.  Sandwich, 

Soi'iety,  Zanzibar.  Huahue,  Navigator  Islands):  Strindachnor,  IK-nks.  Ak.  Wiw.  Wien,  Lxx,  IWO,  -ItfT  (Laysan); 

Fowler,  Vuk:  Ac.  Nat.  Sc'i.  IMula.  1900,  r»19  (Sandwich  Islands). 
Chirotyrtfit  mi^t Garrett.  I»ru<'.  Cal.  A<'.  S^'i..  in.  I««i8.  107,  Sandwich  Islands. 

263.  Antennarius  bigibbus  (LacejHkle). 

Color  in  life  (fiel<l  No.  274,  and  4  others),  general  color  bright  yellow,  with  brown  reticulations 
on  most  examples,  one  yellow  without  the  reticulations  on  the  Inxly;  in  another,  tlie  reticulations  very 
indistinct,  while  on  one  they  are  very  distinct;  i>ectoral,  ventral,  and  anal  fins  each  with  a  dark  brown 
band,  also  outer  margin  of  each  of  these  <lark  brown;  near  base  of  caudal  2  dark  brown,  almost  black, 
crosslmnds;  jKisterior  margin  of  caudal  dark  brown;  dorsal  with  a  ver>'  narrow  dark  brown  line  on 
the  outer  margin;  very  narrow  brown  lines  radiating  from  the  eye. 

Five  examples  of  this  small  fish  were  obtained  by  me  at  Honolulu,  by  breaking  heads  of  coral 
over  a  dip  net. 

lyoithitu  hiffibbu*  Lait^pi^le.  Hist.  Nat.  Poiss.,  i,  325,  17W. 

Antennarius  biffibhw  Giinther.  Cat.,  ill.  199,  IWil  (Madagascar);  Gimthcr.  Fis<hc  <lcr  Siidsee,  v,  165,  taf.  100  v.  fig.  A.  1K76 
(Paumotu.  Sandwich.  Huahue  Islands). 

264.  Antennarius  rubrofuscus  (Garrett). 

One  specimen,  5.1  inchw  in  length,  was  obtained  by  me  in  Honolulu,  and  I  saw  one  of  about  the 
same  size  in  alcohol  in  a  ** curio"  shop,  for  which  the  owner  aske«l  a  large  price. 

Oiiromctef  rithro/iuru*  Garrvlt,  Phk*.  Cal.  Ac.  Sci..  iii.  1M'>8,  64,  Sandwich  Islands. 
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Bv  JOHN  OTTICRIIKIN  SNYI)1:R. 

« /.V.Wi"/<J «/  /'/I'/i  •»>.'/■  !'//^r'i'.''V)    .'.■   /.I  .('/i/ .V.f'.'/i'/;.'   /.I'.lcl    I   l.i.rlS.'.'y 


Tliis  jKiprr  contain^  a  list  of  tlir  s|)rri*»>  of  ti>lii''^  oljtaiiifa  l»y  tin*  InitiMl  Slat<'^ 
Fish  Coininissioii  >train<'r  .1M////v;.va,  C'haimri'V  I'lioiua'-.  coiinnandrr,  in  tin*  >!ioit*  and 
n*of  work  alHuit  tin*  Hawaiian  Nland^  (lurinir  tlio  >prin;r  and  --uninirr  of  W^n-J^  uiuU^v 
the  ifi'iioral  diivi'tion  of  Dr.  I>avid  Starr  Jordan  and  l)r.  liarton  Waiirn  KvtTiiiann. 
In  addition  to  tlir  tislu'srollofti'd  fi'oin  ihr  tiiif  po«dsand  from  tln' <lialIo\v  waliT  nrar 
shore,  a  few  an»  included  >vliirh  wen*  takm  from  drptli-^of  T.^  fathoni>  or  mon*.  wliilr 
some  have  come  from  near  the  surfai-r  far  out  at  >ea.  Srvrnd  sprciis  occiirrinjr  in 
the  rivers  and  iH>nds  are  also  notrd.  Many  of  tli<*  rarer  for-n^,  wlii<-h  ar«'  only 
occasionallv  eauirht  l)v  the  tishei'im-n,  wrrr  >i*eured  tliroiitrli  tlu*  kindiv  int<'n*>t  ol 
Mr.  E.  lAMiis  Herndt.  ins|X'ctor  of  ti<lierie>-  in  IIuiiolulu. 

The  writer  takes  pleasure  in  fxpreN^^m^  hi-»  oMii^^alions  to  I)r.  ('Iiarli'>  11.  (Tilhert. 
who  had  immediate  supi'rvi>ion  of  the  zooloifical  work  of  (ln'  .  I //*'// /'/.s.v.  :ind  also  to 
Dr.  Joixlan.  for  miieh  help  and  for  many  valuahle  >u;r^T>tion>  i?i  th»'  preparation  of 
this  pajM?r.      I)r.  JordanV  ad\  iee  has  h»'t'n   followed  in  all  matters  of  nommclaliirr. 

The  followin*:  «r''nei*a  and  sjM'ricN.  h«»li»*vrd  to  Im»  ik'w  to  >eii'nre.  are  <lr>erilM»d: 

Veternio,  new  j:enus  nf  lA'i»t«MVj»li:irul;i-.       <  iyniiit-tln»rax  )h  rn«lti.  Ap-'ir.-ii  rrvthriiiu-. 

CoIIybuH,  new  jrfiius  •»!  r.raini«l;i-.  <iyiiiii«'tli«irax  nmiiirr.  ('irihi!al»rus  junlani. 

CViri'hariai?  infiilarnm.  ^iyinnMilmrax  xanthn-tninur..       I*sfn«l«»ji!i«*  (vrar^ina. 

Careharia?  n«*iotes.  (fyrnii«»tlicirax  waialna*.  n«Mriiji:«-nini»tu>  jn.kin-i. 

Vetemio  verrens.  rri»ptfryL'i'i>  h-iuMirus.  ("h:itn«li.n  cirallirM!;!. 

Sphateehranehiis  tlavirandiis.  KxMiiautt's  nillifrti.  IIt>]arani)nis  ti^lu'ri. 

Oillechelys  hiteu:*.  ('araiii:n<  rli«ili<>.  Sti-pha'  ••U*pi<  |»rir«  i. 

Morin^ia  hawaiitMisis.  Caraiiir-'i'lvs  ajax.  Aiit»*nnari»is  m-xilis. 

Gymnothorax  nuttingi.  <'iillyl'n>  "Irailinn-.  Anteiinarius  ihifsms. 

CARCHAKm).+:. 

1.  Oarcharias  melanopterus  <2ii<)v  tV  trainiar  1.     !I  >u  Awin  marki-t. 

The  follnwinir  iriea-umii'Tit'^.  r»'i'«»r«l»-«I  in  i"entiMiri»-;>.  wnr  t  ik«'n  fnmi  a  u-tuaK-  -|»i-iiiiifii.  Ti»tal 
length  156;  tip  of  .Mimut  t«»tl.ir>al  .^2:  t«»  eyo  li'.s:  t  »  tir>t  ;-ili-.ij'  iiiii,:  :^».'»:  \>>  |HNt.»ral  :t«».*J;  K-nirfii  .,f 
gill  area  7.7;  hei^rht  nt  tir>t.  h*<"«iii<],  tliini,  ami  fmirtli  i:ill-slits  »i.:*i;  tilth  .">.»;:  antrrii-rTuarji!;  <if  jMM't>ral 
28;  liase  of  iXK*t«  >nil  lo.s:  jMKteri«»rinari:iii«»fiHMr'»ralL*7.;»:  axil  nf  prrtural  t«»v«'iirral  .'W'l.s;  aMr<Ti««r  inanjin 
of  ventrali*  12:  fni*  niarvin  "f  v«"ntrals  ]•»:  liasi*  nt  v»Mitral>  In.-  axil  nf  v«Mitnils  in  front  <it  anal  K5..1:  l«a>*' 
of  anal  8.3;  anteri«»r  inarjriii  <»f  anal  10:  lr.i>»*  nf  anal  !-■  rainlal  pit!*:  l»a>e  «•!  «l'ir«'al  11:  anteriiir  marLrin 
ofdorwl  19.o:  free  e«i;^•  of  «i<'F>-al  l'>.'{:  •listan*-!'  U'twrm  'iMn-al- ."»*^:  l»as«' Mt  Mr  in-l  «l"rsil  7.«»:  mm-mh-I 
doraal  to  itnidal  pit  1«);  npiK-r  InU- «if  j-auilal  :5S:  ^j.r»M«l  .if  ,-an«lal  :*»-■». .'i;  l-iwrr  l-U- df  ra«i«lal  r.»:  wj.ItI. 
of  moatb  17:  pn^ontl  lenirtli  **i  >u*iui  ^'.•'>:  irirtli  ln*hintl  i»t"«"ttiral>  •;.».'»:  irirth  at  frMtit  i»f  vmtnils  ')8. 

9.  Carcharias  phorcys  .Tonlan  iV  K\(>rniaiin.      ll'iiinliilii:   IlanaU'i  l>a\.  Kanai. 

3.  Oarcharias  insularum  Snyilrr.  new  >|iciii'^.     I*lat«-  1.  li-j.  1. 

Head,  measure*!  t«>  la-t  :riil-'»p«'riinL'.  ".:;■_>  ..f  li-n-jth    tip«»t  ^n«lUt  t-iraii'lal  pit':  «li'ptl»  at  innii  nf 

pecloralH  O.KvJ:  at  fnmt  of  ventraN  <».!»;;  >nMiit  o.:;;;  ,,f  ln-a.l:  inti-nTliital  wiiltli  •»..%:  p^rt'iral  < ».•_•:>  .  • 

length;  upper  lobe  of  camlal  n.^s. 

.si;i 


r.i4 


BI'LLETIN    l»F   THK    VNITKl)   KTATEM    KISH   <» >MM IH8IUN. 


.Miintli  >M.'mk'in'iilur.  it^'  uiiltli  (ijiiitl  li>  iliKtaiiiv  In'Iwi 
iliflann-  )>ot\vefn  <^li:i'  of  nioiilli  aii<l  lip  »f  Hiniut  1.7  ti 
liu-ianLV  iM'twwii  iKwIril^;  uiijht  twthwrrnUil  (riim  liu«'  i 
]iartH  wi-aklyHi.Trati''1;  tivlh  i>r  n|i|H>r  jaw  ii  liltli-  lirmhli-ri 
of  iiicdiun  imei<  i'lr.ti);lil;  liiti'ral  tii-ili  uitli  itlpw  f1i|f)illy 


'II  ti|i  uf  wuHit  anil  i>i ulterior  txinler  tit  eye, 
iicM  wMtli  <if  mouth,  or  B  little  more  tlian 
>  tijM',  tilt'  liiwrr  iiTifi'  iiirKioIh  on  Iwiv,  iii>|wr 
liuw  tlimi  thi'v  HTi'  hi)ili,  the  cultiii);  eil^t* 
il^t>  ileeiK'iiing 


wiiiivwhitt  RH  llii'V  uppniHch  iiinici's  »f  i illi;  tcctli  iiot  ixiititiiiR  uiitwanl  in  ritliiT 

lower  J8W  iiiiii-h  in.in'  i^li'iiiiiT  lliim  Ihiw  mIiciv"-,  tin-  iMptw  Himii'U'liut  wiiiiT  thai)  height  i)f  teethi 
ciiltiiiti  eiijwi'  i-immvi'.  Tlii-iv  arc  ;M)  rnwe  mi  i-acli  jaw,  tliiiw  iif  the  twn  Hieiliuii  n>ws  iiiiniitp  or 
Hlwiit.  Tip  <if  i-N'tiiritl  (ill  Hi-nti'ly  roiiiiiii'il;  Hrxt  iliimal  Imniilly  nmiiilvd;  >«i'on<l  <Ioival  xlitirlitly 
HiiJHibr  than  anal;  I'aiirlul  vi-ry  lurifc,  umliT  i-iih' ..( iip]K'r  IoIh-  witiiit  licej) Dutch;  tree  eilgt-s  of  ilornalii. 
[N'l'tonilH,  ami  vi-nlraJFi  i-imcavt':  clufijH'rs  i>f  iiiuli'  l.'i  tinii'i'  iiit  Iomk  a^■  vi'iitnil  tin  W  hijch. 

Ill  life,  lihiinh  i^lati'i'iilnr,  xinu'wliiil  liulilir  Ih'Ikw;  hn'tilorail  bniurlly  iIi>[n<i1  with  lighter  color; 
Mcccmil  •liirKal,  iHi'torHln.  vciitral:<,  ainl  cuii<liil  wilh  ftijihlly  ikrkcr  tijni.  In  itlcnhol  thi'  liiin  and  »|i|H'r 
IMrti'  i>f  the  IkhIv  uri'  ntlhcr  inilii'tinclly  i<|Ki[lt'ii  uilh  n  ihirkcr  hIiiuIc  tlmn  that  uf  IkmIv;  ><iK>tM  ■•!  hmlr 
Monit'vthat  liin^T tliitii  eye,  tin-  iiiihci'm  Iictui-i'n  thcni  luiitii'wliut  niilcr  thumliaiiielentof  iqioti<;  Hputf  on 
HnM  NiiiRlkT  iind  inure  cliwly  crowiiiii. 

The  fiilliiwin^  ni<'a.''iircnit'niH  wire  taken  iH'fxn'  tin'  HiH-ciiiitn,  ii  male,  wax  jiivxenol:  Total  ieiifrth 
■iVi  centiiiieteri:;  tip  .'f  siicmt  I"  ilnmil  71:  Ic.  eye  17,S;  li.  (iivt  pll-i>iH'iiiiitf  40.5;  tw  |im-tc>ral  -(K; 
lenitth  nf  Kill  un-^  III;  hciiiht  »f  lii>l  Kill-^lii  r.r>:  ..1  ^■,-,„i,\  s.i:  ,.{  tliinl  S.S;  of  fmirth  K.2;  uf  Dftli 
.1.7;  leiifith  of  ]iei'tonil  :!lt;  Inipn'  of  )«i-tcjnil  14;  fn-i-  ■'•Ijtc  of  )>ii'tiiral  .'17;  axil  of  iieclom]  t»i  voiitKl 
■17:  anterior  niaryiii  'if  ventral  14:  fn-c  luiiiviii  uf  vi-iiIriI  ll!:  Iium'  of  ventral  y2.7:  axil  of  ventml  to 
front  of  anal  I7.K:  kiw  of  anni  !i;  aiiterioriiiar)rin  nf  iiniil  1:^.7:  anal  to  i-ainlal  pit  H,l>:  Imtio  iif  ilorakl 
'•I;  aiitenor  niancin  of  ilorKil  .'L';  fr<i'.ilv<- «f 'lurHal  :t't.ri;  tirxl  to  m-coikI  ilonsil  47:  liaMM>f  Mt-oii<l  dorMl 
({.:{;  friHit  niartrin  '<t  nii>ii<l  ilnrKil  !);  ni-iiiiil  iIodihI  tn  iwulal  pit  12.7;  iip|NT  loU-  »f  caudal  TiH..^;  |ow«r 
loin- <if  ciinilal  :t<i:  ><|>ri'ar|  nf  caiiiliil  HI:  i;inli  at  front  <-f  vriilnilr- ilri;  (rirth  at  fnmt  <<f  iiM-tontlx  7S.5. 

Ty|«',  No.  .-KKV.!,  r.  S.  Nut.  Mn^,  elation  rWl.-.,  .,ff  Diaiiioml  H.a.l.  thiliu. 

K'vw  .voiiiijr  H-eiv  ol>(:.iin-l  from  a  l;in,'<'  feiii;il.-  ..f  lli.>  wiiii.'  >|«ries  taken  al  station  4i  11,  U'tweeu 
^lolokai  aiLiI  I  liiliii.  They  meiisuri'.l  111  cm.  in  1cni:l1i.  Color  hlnixh.  iH-cloratx.  M-<'iinil  dorxul,  tui&l,  tuul 
hiwiTcaii'lal  IoIh-  hrna'lly  lifiH-1  n  ith  hlat-k;  vi'iitnil  Mirfaif  of  UhK' ami  j«ir<il  liiiH,  except  tlii>  teniiiiud 
■lark  an'ai'.  yellowiiili:  tip  of  lirst  ilcirniil  yi-lliiuish.  The  heail  meainintl  to  Uvt  inU-oiwniiit;  0.35  of 
lenf!th:   ileptli  at  from  ..f  |H-.-tr>r,i1s  O.IS;  .lc)'lli  .>[  i-aii.lut  )>e.liiiiHe  UAH  of  head;   xnout  O.'M-,  inter- 

orhital  U'idtli  li.4k     Cnrve  of  i illi  .loimiii..  inMeii.l  of  nniilar.  a^  in  ndnlt.  it"  width  U-iiip  an  eye'n 

diameter  lew-  tlmn  .iintan.-i'  l»-l«.-.'ii  lip  i.f  hioiii  :i]i,I  aincri.ir  h..r,ler  ..f  orl.il.  Ilistance!  U-twwn  tidge 
of  inoiitli  aiidliji  of  siiniit  I.I  tiiii.'^  uiiltli  of  month.  H.'iiclit  ..f  .lorsul  D.IIiof  h-ugth  of  li rail  and 
IhkIv;  leiijitli  <if  iKi-lonil  ILL""':  n].]»T  Inl-'  of  .■amlal  0.;w.  l>i,r«il  and  jiecIiimlK  hroailly  rtxinded. 
Tw.i  i.f  llic  siK-.'iiifii:-  lire  kejil  ns  .-..type:-.  N..s.  ]-J7sH  iin<l  IJ7.'*1'.  1..  S.  .Ir.  fnlv.  Mil-. 

Tliir.  flliark  iij.]»'ars  t..  N-  .■1,«.1>  n'lar.-l  |..  <  ■•f,:l,.tno, l,t,„:.i  Itallii.'wine.  of  the  .\tlaiitic. 
4.  Oarchariaa  D«MOtes  Snyder,  new  -j><'cii'>.     I'liili'  I.  111;.  '>'- 

llend.  liieasnreil  lo  tjii-t  j;ill-o|H'ninj,',  ii.:l:' of  l.^nuih  i  tip  of  mi.hii  to  .iiii.lal  pit  I;  .U'l.th  «t  fn.int  of 
jiectorulN  O.IS;  al  front  ^-f  veiilnil-  I'-UI;  srunil  (i.:!:;  of  ln-ai1:  iiitenTliilal  niilth  11.41':  peetorti]  0,27  of 
leiurth:  npinT  loK'  of  mmlal  H.;!'-.  Month  i-ilipticul,  tn.t  seiniriri'iiliir  in  shaiH'.  width  eiitial  to  dii>tance 
from  tip  of  snout-  to  tHistiTJor  ("Ip-  of  orliii:  ni.llli  of  sinu'I'  ln-iween  tip  of  snout  ami  anterior  eiltce  uf 
incnith  i-<|nal  to  ilistsnn-  Iw-twi-en  niiler  nlm-  r>(  nostril.-,  ll.L'ii  r,f  lu'ail;  teeth  of  nj.iier  jaw  ntrmiKlv 
iymmelri.al  in  sha|ie,  llii'  Hiillli  at  I'liw  ei|nitl  to  or  a  little  j^rvateV 
il;.i-s  of  Id'Ui  jrri>«  iiiiii-iivi'.  llieu  nnlcli.".!:  iiiiier  inlKei-  lit.>enniiiig 


•    l--tWH' 

wrratiil,  those  m-ar  ivntcr  of  ja\ 
1  height:  laleraliy 


li  ,.« 


iliii>.'  a 


y  froi 


.-  ulitihlly  sc-rr.ilcrl;  symi 
Pectiirals  iHiintiil  al  tips  when  di-pn-ssi'.l 

.-.Ip'  of  upi«-r  .'anilal  I..Ih-  liol.-linl.  ilisln 
(.'oliir,  lilnish  k'niy  al»ivc,  (he  tins  )-i 
The  foll<.wiiit;  innisnrenii'iit^  wn'  ii 

Mol<.kui.     Total  l<-nu'tli  2:^4  .-in.;  li|>  of 

:..S:    anterior  n.an„Hn  -f  j.-vtowls  4!i;    I 
l«,-loral  to  vei.lrtl  4;...-,:  aiiteri,.r  mari-i.; 


ysis;  lii-th  of  lowir  jaw  narrow,  with  wide  liaseii,  their  <.>ilp« 
I'tnca!  ill  sIm)*'  r.i,  Ikitli  inidille  anil  lateral  jiartn  of  juvr^, 
niuliiiiy  lis  fur  Isii-k  im  jKistiTior  jBirt  of  Hrrt  iloival,  fnt*  edge 
nrl  ilorsil  an<l  anal  it|ii:il  in  sia-.  inlite  of  anal  liwply  notohifl: 
i.'e  fii'iLi  noh'li  to  lip  r.f  IoIh'  i-ontainol  0.2-2  of  lenj^h  of  lobe. 
'uiii;:  ilarkiT  (owani  llii'  lip!i;  ventral  r<arfact^  lightt^r. 
idli'  of  a  mute  iiikcn  al  slaliuti  :'>!MI2,  off  the  northern  i.-osMt  of 
nont  1..iIor>al  71:  lo..y.'17.S:  In  pll.n|K.ninK  44;  to  ppctoml 
r>t  i-ili-siil  11..".:  of  s.'.'..n.l  7:  of  tliini  itml  fourth  li.ti;  of  fifth 
IS..  ..f  |i.-,'|..r:il  14:  postei-i.-r  iiian-iji  of  iH-<toral  42;  axil  of 
of  vi-nir.il  iL'.s;  frei'  niarjiiii  of  ventral  IL'.H;  lian:  uf  VMitrala 
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10.8;  axil  of  ventral  to  front  of  anal  19;  Imse  of  anal  S.3;  anterior  margin  of  anal  12;  anal  to  craudal 
pit  18.4;  Ittise  of  tin*t  florsal  19.7;  anterior  margin  of  finat  <lorsal  JW.5;  free  edge  of  dorsal  26;  (liHtan(*e 
between  dorsaln  58;  ba.*<e  of  Bei-ond  dorsal  7;  se<'ond  dorsal  to  caudal  pit  19;  up{)er  lolx?  of  caudal  61; 
8prea<l  of  caudal  ♦Vi;  lower  caudal  lol>e  29;  width  of  mouth  20.5;  j>reoral  lenjjth  of  nnout  15. 

Ty|)e,  No.  50860,  V.  S.  Nat.  Mu.»<.,  a  female  al>out  1.48  meterH  lonj;,  taken  at  French  Frigate  Shoalj*. 
A  smaller  gj)eci men,  also  a  female,  from  I^ysan  Island,  <loes  not  differ  from  the  typi*  exivpt  that  it  is 
darker  in  color,  the  under  parts  l)eing  (piite  dusky.     C'otyi>e,  N'».  12790,  L.  S.  Jr.  I'niv.  Mus. 

A  large  and  voracious  shark  seen  every  when*  alK»ut  the  islands.  (\)nij)arerl  with  ('arrharUm 
jmHniirun  of  Japan,  it  is  more  robust  in  form,  having  a  shorter  and  l)roader  head. 

6.  Prionace  glauca  (Linuieus).     Station  :{snl,  28°  :jr  N.,  141°  47'  W. 

A  female  taken  with  a  handline  contaiiuHl  47  embryos  mea-^uring  89  centimeters  in  length.  The 
following  measurt»ments  of  the  adult  were  made:  Tip  of  snout  to  end  of  caudal  loin?  274  cm.;  to  <lorsal 
fin  110;  to  eye  28;  to  first  gill-oi>ening55;  to  fH*etoraHi5:  lengtli  of  gill  area  18;  height  of  first  gill-slit  5; 
of  setMmd  and  thinl  7.5;  of  fourth  7;  of  fifth  5;  length  of  |>eetoral  62;  ba.se  of  i>e<'toral  28;  free  edge  of 
pectoral  56;  axil  to  ventral  77:  anterior  margin  <»f  ventnil  17.5;  free  margin  of  ventral  20.5;  l)a«»  of 
ventral  16.5;  axil  of  ventral  to  front  of  anal  24;  ba<e  of  anal  18.5;  anterior  margin  of  anal  17;  anal  to 
caudal  pit  22;  Iwu*!*  of  «lorsal  2'^\  anterior  margin  of  dorsal  I^).5;  free  edge  of  dorsal  28;  posterior  edge 
of  first  dorsal  to  sei*ond  (lorsal  68.5;  l>ase  of  se<'ond  dorsal  18;  front  margin  f»f  second  dorsal  18.5; 
posterior  end  of  second  dorsal  to  caudal  pit  21.5;  uj>|>er  loln'of  caudal  58.5;  spread  of  caudal  67;  lower 
caudal  lobe  37;  girth  at  front  of  ventral  76;  girth  at  front  of  jx^ct^^rals  91. 

SPHYRNIIh*. 

6.  Sphyma  zygwna  (Linna>uH).     Station  :{844,  Rjuthern  eoa><t  of  Molokai. 

vSQUALII).^. 

7.  Squalus  mitsukurii  Jordan  i^c  Snyder.     Honolulu;  station  40H5,  off  the  north  ciast  of  Maui. 

Head,  measure<i  to  last  gill-o|)ening,  0.2<>.8  of  length  (snout  to  caudal  pit);  meiisure<l  to  first  gill- 
opening  0.22;  width  of  head  0.5  its  length  to  la«t  gillH»|>eninir:  snout  0.417  of  heiid  mea.«»ure<l  to 
first  gill-opening;  interorbital  space  0.417:  height  of  first  <lorsal  fin  0.5;  ^!e<•oIld  <lorsal  0.29. 

Teeth  in  Inith  jaws  similar,  excej>t  that  the  lower  ones  are  slightly  larger  than  those  alxjve; 
pla<'ed  in  three  closely  apjM)St^<l  rows,  pointing  away  from  middle  of  jaw;  outer  t^ige  with  a  deep 
notch,  inner  serving  as  cutting  e<lge;  distan<-e  iK-tween  mouth  an<l  ti|)  of  snout  0.5  of  length  of  head 
to  first  gill-oi>ening;  witlth  <»f  mouth  0.29;  length  of  foM  at  corner  of  mouth  equal  to  <listance  iKJtween 
noetrils;  distance  In'tween  nostril  and  tip  of  snout  o.26  (.f  head:  )>etwcen  imstril  and  nu<idle  of  mouth 
equal  to  <listance  In'tween  nostril  an<l  tip  of  snout:  distance  Vn'twivn  sj)iracles  0.44  of  head;  length  of 
gill  area  0.22;  <liameter  r)f  eye  0.21. 

length  of  exiK>se<l  portion  of  tirst  <lorsal  spine  e<juals  the  distance  from  tip  <^f  spine  t<»  tip  of  fin; 
height  of  spine  e<jual  to  length  of  base  <»f  fin.  StHvmd  spine  0.75  a*<  high  a*»  fin;  distance  between 
dorsals  8.66  times  length  of  snout;  i)ectoral.  when  dej»resse<l.  rea<'hiug  to  a  vertical  through  posterior  edge 
of  l>ase  of  dorsal,  the  tip  bluntly  |KMnte<l;  e<lgesof  pectoral  and  first  dorsal  concave,  that  of  secon<l  dorsal 
emarginate;  e<lge  of  ventrals  straight;  distance  from  anterior  t^lge  of  anal  o|>ening  to  tip  of  depresse<l 
ventral  0.417  of  hea<l;  upper  caudal  lol)e  0.27  of  the  length;  a  low  lateral  keel  <»n  caudal  peiiuncle. 

Color,  dark  slaty  blue  above,  lighter  l>elow. 

Some  of  the  specimens  examined  have  the  heads  slightly  narrower  than  examples  of  the  same 
Bpei'ies  from  Japan,  while  others  are  like  them  in  every  particular 

I)  AS  Y  ATI  D^. 

8.  Dasyatis  sclera  Jenkins.     Honolulu. 

MYLIOBATII)^. 

9.  Aetobatus  narinari  (  Kuphm^iMi  i.     Honolulu. 

LEPTOCEPHALID^. 

10.  Leptocephalus  marginatus  (  Valenci(*nnes).     Honolulu;  Hanalei  Bay,  Kauai. 

11.  Congprellus  bowerai  Jenkins.     Honolulu. 


! 


sir. 


% 
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VETEBNIO  Snyder,  new  genni. 


I V/«r /**"*>  Sny<i«*r,  now  jrcnii.'^  of  hpturcphttluhv;  tyiH"!,  Vftmiio  nrn'mi,  new  siKM'ii*H. 

TmhIv  wit  hi  Hit  sciiU's;  latrnil  Wuv  j>n»Si*iit:  tail  iiiucli  lon^'or  than  hvm\  and  trunk;  hi»ad  li»iip, 
snout  iM»intf<l;  1o\v*t  jaw  much  shorter  than  upper.  No  teeth;  vomer,  maxillarieH,  ami  niaii<li1>l(*8 
with  hroad,  smooth,  hanl  an-as;  ton-jriu*  frc«*;  nostrils  not  tul)uhir:  tlie  a!it<*riur  ont»H  near  tip  of  Piiotit, 
with  narrow  rims:  po>terior  om-s  ohlon«r,  near  tlie  eyes;  jrilI-<>l***'""JP^  s<»panite,  with  hroad,  lunale 
slits;  lins  well  (h'vei«)j»e<l.  dorsal  insertci]  ah:»vr  hasc  of  p,'etorals.     (^^lor  nnif(»rm. 

The  a]»s<'in'«'  of  tt'eth  wrvcs  to  distinguish   \'itrniin  imui  (•h.)s«'ly  n'late<l  gonera. 

12.  Veternio  verrons  Snviler,  new  sjHM-i*'S.     IMate  2,  fi«r.  •>. 

Head,  from  tip  of  snout  to  upper  ♦mIj^m*  of  ^iII-o|K>nin«;,  ().»>4  <if  trunk;  deptli  0.42  ni  head;  eye  iM.'J; 
snout  0.2H;  l«>n^th  of  {NM-tond  ().;>(>.     Color  plain:  fins  e<I^ed  with  ))laek. 

Mrad  very  lou^  an<l  p  »inted,  upiwr  ]irotile  slojiin;;  pMitly  from  tip  of  snout  to  cK-eiput;  hiten»r1)ital 
sjiaec  Hat.  its  width  O.IO  of  hea<l:  snout  slender,  }>ri>jeetin;;  lH*yon«l  lower  jaw  a  <liHtana* etpial  to  0.5 of 
dianu'ter  of  eye;  el«"ft  of  mouth  somewhat  ol)lii|ue.  <-xtendinj^  In-yond  eye  a  distanet>  e<[ual  to  0.3  (»f 
pupil;  no  tei'th,  tin*  vomer,  maxillaries.  and  niandihh»s  with  )>n>ad,  Hat,  smooth  mirfaiies;  tongue  free, 
tip  roundfd;  lii>s  thin,  simple;  anterior  nostrils  at  »Mid  of  snout,  with  low  rims  and  posterior  f1af>!<: 
posterior  nostrils  »'los4*  to  upper  anterior  part  of  eye,  without  rims,  rounded  (ival  in  Mha]M';  a  pair  of 
lan^e  mueus  tuU's  at  tip  of  snout,  a  tuU'  imnu'diately  U^hind  anterior  nostril  and  one  on  i*a(!h  Hide 
of  snout  just  ah<»ve  the  latter:  i:ill-oiH»nin^s  lunate,  their  witlth  alxiut  O.ir)of  length  of  hea<l;  lateiral 
line  somewhat  alwive  nnddh'  of  hody  anteriorly,  gnidually  extemling  downward  and  n*aehing  mid- 
dle of  hody  a  short  distance  heyond  the  vent.  Pectoral  insertcnl  just  l>rh>w  nd<Mle  of  ImhIv,  ohtUHely 
pointed,  upjx'r  rays  longest,  lower  Inirdcr  ('»»nvex;  dorsid  inserte<l  alH»ve  middle  of  Iwjse  of  pe(^toral; 
height  of  dor>al  tin  at  a  point  alnivc  tip  <»f  |KM'tond  e<pial  to  vertii-al  diameter  of  ey**;  at  a  point  twice 
the  h'Uirth  of  hi-ad  iM-hind  vent  tin*  length  of  rays  e<pials  length  of  snout;  <»5  niys  U'tween  its  insertion 
and  a  vertical  throu«.di  anal  o)K*ninL';  anal  inserted  immediately  In'hind  vent,  its  height  (Mpial  to0.5t)ie 
length  of  snout. 

C'olor  in  spirit,**  hr«»wn,  darker  alM)ve  than  lM'h)\\ :  |HM*t4>rals  hrownish,  growing  hlack  t4>wanl  tiiw; 
dorsal  hntwnish,  shading  into  hlack  along  edge;  anal  Itordereil  with  l>lai*k,  the  hand  ahout  half  n» 
wide  as  ]>U]>il  and  sharply  delined. 

A  single  nuitilated  s]ie<'imen  from  tlH>  Honolulu  mark(>t  m«'asures  270  nun.  from  snout  to  vent. 
The  tail  was  severed  ,'{20  mm.  hehind  the  vent. 

Type,  No.  r)OS«i2,  W  S.  Nat.  Mus.,  Honolulu. 

[irrrt'n:i,  trailing,  in  ri'ference  t(»  the  l«»ng  tail. ) 

OPHICHTUYH).*:. 

13.  Leiuranus  semicinctus  ■  Uiy  iV:  liennett  >. 

Two  sjK'cimens  from  Honolulu.  One  uu^asures  27''')  nun.,  it^  tail  eipial  in  lenirth  to  head  ami  body; 
2.'i  hlack  han<ls  iK^hind  interorhital  han«l.  The  other  measures  177  nun.,  it.s  tail  the  length  of  snout 
longer  than  head  an«l  hody:  24  dark  hand^  hehind  the  interorhital  hand.  An  (>xaniple  from  Ishigaki, 
Japan,  measures  4:r>  mm.,  li>nt;th  iif  tail  e<|ual  t'>  distance  Ix^twivn  vent  and  giIl-o])ening;  22  bands 
U'hind  interorhital;  teeth  uniserial. 

14.  Microdonophis  fowleri  J(»rdan  i\:  Kvermann.     Honolulu. 

15.  Sphag-ebranchus  ilavicaudus  Snyder,  new  species.     Plate  2,  lig.  I. 

Head,  mt-asured  to  upp«'r  edge  of  gill-o]»ening,  o.Oo.')  of  the  h'ugth.  0.10.*)  of  trunk  in(*luding  head, 
0.12  of  tail;  depth  0.2«J  of  head;  suout  0.  is.  Snout  l(»ng,  slend<»r,  and  sharp,  projecting  beyond 
lower  jaw,  tip  (»f  lattei*  rea«*hing  heyond  »'ye  a  distance  ecpial  tt>  diameter  of  puj)il;  eye  midway 
het ween  ti]>  (tf  snout  and  an<;le  of  mouth,  its  dianu>ter  containe<I  ."•  times  in  length  of  sixnit;  anterior 
nostril  with  a  short  tuhe  tm  ventral  sidi'  of  snout  a  little  nearer  its  tip  than  to  honler  of  eye;  posterior 
nostril  without  tuhe,  place^l  lu*low  anterior  margin  of  eye;  upiK*r  lip  with  i  ft »1d  extending  fn)m  nostril 
to  amrle  of  mouth:  teeth  of  jaws  in  a  sinirle  series;  a  group  of  4  canines  at  end  <»f  up|K»r  jaw,  all  1)eing 
heyon<l  end  cif  lower  jaw  when  it  is  <lo.<ed;  a  ivw  sharp  teeth  «>n  anterior  part  of  Moner;  gill-oitenings 
inferior.  <uiivenrinL',  tlie  distance  hetween  th«*m  ahout  equal  U*  diameter  of  «;ye;  width  of  gill-0])ening 
».  i:;  of  heacl.     No  tins:  tail  ])ointe<i. 
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Color  in  alcohol,  pale  olive,  the  tail  nearly  while. 

The  deecri prion  is  from  the  type.  No.  5<)8«J:^.  I'.  S.  Nat.  Mas.,  'Mi7  mux.  lonjj.  {nm\  station  3874. 
hetween  Mauai  ami  I^nai.  21  to  28  fathoms. 

Two  example?*  frf)m  off  the  northea.-'t  djeu-it  of  Hawaii.  One  from  ii>tation  4(Vk>,  <lepth  5<)  to  <U1 
fathom.>4  u-»)type,  7o()9,  L.  S.  Jr.  Univ.  Mu.**. ),  measures  245  mm.  The  hea<l  espials  0.08  of  the  lenjtrth: 
0.1  of  heatl  and  tnmk.  In  life  it  was  pinkish  anteriorly,  the  jxjj^terior  thinl  tin^l  with  lemon  yellow. 
The  other  .specimen,  from  station  40t>l,  depth  24  to  8:5  fathom.s  measures  220  mm.;  head  0.065  of 
lenjfth,  0.12  of  heatl  and  trunk.  In  life  it  was  liirht  orantie,  fading  to  lemon  yellow  posteriorly;  an 
in<li8tinct,  lijiht,  median.  «lorsal  strijx*  extendin>r  from  mriput  to  tip  of  tail;  ventral  surface  slightly 
tinged  with  purple,  the  tint  extemling  al^jut  twice  the  length  oi  head  l)t*yond  anal  o|)ening;  si«le  of 
heatl  with  two  white  spots  the  anterior  one  just  l^ehind  eyes,  the  posterior  one  indistinctly  connect***! 
over  the  <HNiput  with  its  fellow  on^>pposite  side. 

16.  Callechelys  luteus  Snyder,  new  species.     Plate  3.  fig.  5. 

Head,  measured  to  upper  e«lge  of  gill-t»f>ening,  0.06  of  the  length,  0.095  of  head  and  trunk,  0.15  of 
tail;  snout  0.14  of  head;  cleft  of  mouth  0.29.  Body  extremely  long  and  slender,  tapering  gradually 
from  head  to  tail;  depth  at  gilln^pening  0..37  of  head;  width  of  l>04ly  0.72  of  depth;  gill-jxmches 
trreatly  expamh^l,  making  hea<l  diaper  antl  broader  than  IxMly;  snout  shar]>,  projecting  two-thinls  of 
its  length  beyond  lower  jaw;  eye  mi<lway  l>etween  tip  of  snout  and  angle  t>f  mouth;  tongut>  small, 
free,  on  sides  and  at  tip:  teeth  on  jaws  and  vomer  projivting  l»ai'kwanl,  movable  thougli  not  <lepress- 
ible;  li  largi*  canines  jiL<t  p«isterior  t4»  no.<tnl  tulips,  the  me<lian  one  l>eing  anterior  to  tip  of  lower  jaw; 
2  short  n^ws  of  teeth  on  vomer,  a  single  row  on  maxillaries  and  on  lower  jaw;  anterior  nostril  with 
a  tube  equal  in  length  to  diameter  of  eye,  inferior  in  {>osition,  halfway  l»etwei»n  tip  of  snout  and  en<l 
of  close<l  lower  jaw;  posterior  nostrils  on  lip.  Inflow  the  eye.  pn>vi»KHl  with  an  anterior,  valve-like  Haj); 
gill-openings  slit-like,  inferior,  distance  l)etween  lower  edges  of  oi^enings  etpial  to  half  the  length  of 
snout;  width  of  gill-opening  espial  to  distance  from  tip  of  snout  to  posterior  bonier  of  eye.  Dorsal 
inserteil  on  (xviput  al)ove  antrle  of  mouth :  height  at  a  |K>int  alcove  gill-slit  e(]ual  to  distanc^e  l>etw€H»n  the 
tip  of  the  snout  and  the  jxjsterior  lH)rder  of  the  eye,  alK>ve  anal  ojiening  equal  to  width  of  gill-slit: 
fin  not  reaching  tip  of  tail;  niembrane  thin,  the  rays  distinctly  visible.  Anal  ins«*rtt^l  immediately 
behin<l  vent,  its  height  e<pial  t<»  half  the  width  of  irillH)|>eninir.  Tij>  **(  tail  sharp:  no  raudal  tin:  |km*- 
torals  aljsent. 

Color  in  alcohol  white,  rather  finely  bliitcluil  witli  brownish  black,  the  sjMits  not  S4»  numerous  on 
ventral  surface  as  elsewhere:  tins  colornl  like  IhkIv.  In  life,  the  up|>er  fiiirts.  includinir  tlorsal  tin.  are 
white  mottle<l  with  black  and  lemon  yellow:  under  |»;irt<  white,  rather  sj>jirsely  mottK^l  with  blai^k, 
exi*ept  on  throat,  where  the  s|M»t.«^  are  numerous. 

One  siH.n*imen,  8.'^  nn.  l<mg,  from  station  .'i'^21.  near  the  s«»uthern  «-tiast  of  Molokai.  (aught 
while  swimming  al»out  the  ship  at  niirht.  attra<'te<l  by  the  lights. 

Ty|K\  N*».  5084M,  V .  S.  Nat.  Mus.,  S4»uthern  eo;L<t  *^i  Molokai. 

MORINr.LH).^. 

17.  Morin^ua  hawaiiensis  Snytler,  new  s|>e<-ies.     Plate  .3,  tiir.  6. 

Hea<l,  measure<l  to  gill-o|)ening.  0.065  of  length;  tail  0.:^;  depth  0.24  of  hea<l.  Btxly  cylindrical 
and  extremely  elongate,  the  tail  tai»ering  to  a  sharj)  |>oint:  snout  |K>inte«l,  its  lenirth  0.15  of  hea»l; 
lower  jaw  projecting  l>eyond  upj>er  a  <listance  eijual  to  diameter  of  pupil;  cleft  of  mouth  extending 
beyond  eye  a  «li.<tance  equal  to  pupil:  tet^th  on  jaws  and  vomer  sharp,  long,  ami  fang-like  anteriorly: 
tongue  adnate  to  tl(K)rof  mouth;  eye  very  small,  the  diameter  e<pial  to  alM>ut0.2of  snout:  gill-o|^)ening 
a  vertical  slit,  equal  to  0.6  of  length  of  snout;  lateral  line  slightly  an*he<i  al>ove  braiu*hial  chaml>er, 
discontinue*!  al>out  a  hea<!'s  length  fnim  tip  of  tail;  numl)er  of  i>ores  li:^.  Pectorals  pn^sent,  minute, 
the  rays  easily  distingui.<hable;  the  l»ase  eijual  to  half  the  gillH)pening,  length  a  little  le>s  than 
diameter  of  pupil;  dorsal  and  anal  tins  sc-arcely  develo|>e<!.  indicate*!  by  slight  ri<!ges  <'ommencing 
alx>ut  a  heatl's  length  l>ehind  anal  opening,  growing  larger  and  more  distinct  in  region  when*  lateral 
line  ceases;  caudal  tin  di.««tinct,  i>ointed,  \Xs  length  e<iual  to  width  of  inten>rbital  s|ia4*e. 

Color  in  alcohol  pale  brown,  no  spots  or  l«n?. 

One  sjiecimen,  320  mm.  long,  from  Honolulu  reef.     Ty|)e,  No.  .50865,  V.  S.  Nat.  Mus.,  Ibmolulu. 

Closely  related  t<»  M.  jwnnirn  of  the  Ea.'st  Indies,  but  <liffers  fn>m  that  sjHvies  as  ilescrilM**!,  in 
having  pectoral  fins  with  distinct  rays,  longer  hea<i,  and  longer  tail. 


BULLETIN   OF   THE   UNITED   STATES   KIBH   CtHtMISBION. 


18.  KurBena  kalluse  .TunJau  &  Kvu 

.Vunrnn  fun jfrn  Jfnliiii\  Bull.  I'. 


smiiiiii  ;tHHI,  Nupili  lUrU.r,  Maui;  Ilniwtlulii. 
»■■>.  i«fj,  i-a.  flit.  a. 


C'Ulurin  lift',  lUht  browu;  ilonul  half  ii[  IxiUy  with  Uark-bmwn  vt>rtical  liatv,  which  fade  out  mnd 
dimppt^ar  ht-liiw  uiiil  iM^'imie  imlifiliiii't  ■>»  tail;  evfrywhert-  witii  li)|;htH-nloivi)  ocellatMl  spote, 
■■loiifcati'  viTlii-ully,  fiuieil  tii|fftli<T,  fiiniiluic  iiarmw  vt>rtii'al  ImikIk  on  ilorw)  ami  anal  Rne;  craeehandB 
on  l)i'lly  anil  i-lii'vrniiH  on  lowtr  jaw  unil  throat;  white  (■jh)!;'  anil  IhiiiiIm  clear  and  hrinht  l>elow  and  on 
tliniat;  milt'il  wliiti>  or  li^lit  t;ray  un  npper  unil  |Kii<terior  partti;  dark  |H>rtiunH  bounding  the  Sfitttit  and 
liaiv,  brownii:*!)  blai'k:  !>noiit,  lliroat,  anil  ntih-H  of  IkikI  iinffuiK'd  with  l>ri)tht  nrange  reil;  both  paini  ol 
nasal  tiiU'X  luirdi'nxl  with  Hunif  i-olor;  IrniCH  of  hrirk  n-i)  on  untifior  )wrt  of  domil  iiii  and  on  body 

19.  Oymnottaorax  layaanua  (Stdnciai-hiKrr).     llcinoliilu:  Itilo. 

20.  OTHUiothorax  melea^is  (Sliaw).     llonohilii. 

21.  Oynmothorax  gracilicauda  .li-iikiiiH.     Stntiuri  :iXH,  HciiithiTn  ■iiwt  «F  Moliikai. 
Oni' H[ni-inii'ii,  l:illinni.  lonjt,  Inni  llmi'ural  nwki'. 

Heuil,  ini'SHimil  to  inll-o|><-iiinK.  ll.l^'<  of  Ifn^lh.  0.:>.t  of  tiiii. 

Color  in  Hpiriti'  white.  tini;i'<l  wilh  brimii,  h[kiIU-<I  or  I'limiliii  with  dark  hmwii,  the  markingi 
mtlier  indelinitely  urraiikft-d  in  ennwlian.U.      Tlie  hrciwn  lixun-H  of  tin-  ImbIv  extMiil  upwanl  im  thi* 
.lonuil;  the  tin  iw  ixinlerol  with  white;  aniil  white. 
38.  OynmotliorBz  Bteindacluiari  .Tonliin  >«i  Kvi'miaiui.     Ilnmitiiln. 

33.  Oymnotlioraz  undulatua  |  Ijui'|bMi<i.      II hitii:  iilatioii    :IK.'4,    utf   the   wuitlient    iiwhI   of 

Molokai,  in  T-'J  to  A'.iH  futliornx. 


34.  OynmothorBJC  thalasaopterua  .!< 

35.  Oymnothorax  nuttingi  Wnydei-. 
lEi'Uit.  iiie.uHnn'<lfr..inti|>of  Hiiunt  t 

of  lull;  depth  0.-->„t]i,-ii.l:  .left  of  tuonl 
JHWH  njniil,  i-1'ir.iiiK  i'oiii[>lelely;  liiB"  vi' 
lantesl  Ih'Iiiw  iiiiddle  of  Miont.  v<^>H'i>iK 
e.lK>>^;  no  niediiUi  filnpi;  v er  »'ith  ve 


ilc.r 


*■  H[iei 


rill 


I,  liir.  : 


iiileni^thtohalf.liiLiiielerof  eye:  p<>H 
itji  iijH'iiiiifC  nilh  a  low  rim;  k;ill-o])e]iL[i^ 
with  iiii]>il :  [irijiin  of  dorniil  o[i  :i  vertiii 
iiienibrune  lleiihy,  tlmiifrli  iii>l  ^r<'iit)\  I 
inHCrteil  ju^t  iH'hhid  vent,  hi'  heJi.'hl  u< 
|H>inted,  but  nitlier  I'liibby,  Ihe  dun^il 


if  the  teiiKth.  0.2K  of  lieail  aiid  trunk,  0.31 
<i.4.'>:  sniint  <i.  lli.  Hmwii  with  whito  i<|hiIh.  Knout  rimndcd, 
thiek:  teeili  in  u  >:iiii;]e  t<iTie!<,  11  rmly  embedded,  oJotie-Mit; 
»diiulK  fiiiHlliT  iHii^leriorly:  liHiwl  hulv<>8  witli  finely  serrated 
!'hnr(.  Iiliuil  tiH'tli:  I'veoti  verlii'al  |iHi¥iMK midway  Ix^tweeu 
L-  U-lweeii  eyes  0.74  of  the  siioul;  anterior  ni-Ntril  tube  equal 
i.r  iiiislHl  liii-atiil  uboveHiid  jiiiit  Hiilerior  to  iiiaT|fin  of  «ye, 
lurniw.ilil  equal  lo  vertieiil  diameter  of  t-yi',  Ntuated  una  level 
iiteriorto  u'ill-o]i..|iin(;  ii  distaiii-<M-i[ital  to  lenntli  iif  enuut,  the 

kened;  lii>i);)it  in  ri';;! f  Vent  iijnal  to  length  of  Huout;  anal 

middle  of  tiiil  ii|it:il  todiitmi'terof  orbit;  toil  not  blender  and 
iidiil,  iind  iiMiil  foriiiinu  ii  bluntly  roniided  lemiinal  tin. 
th  while  .-imls;  Ibosi'  on  bi-ad  minute  and  eloee  together, 
wani'ly  diweniible  on  siiont  iind  end  of  lower  jaw:  on  Ihe  Imiiy,  luncer  and  moiv  eluni^te,  Kniwing 
round  im  tail,  where  their  dlHiiieler  is  iiIhiuI  eijnul  to  half  that  of  pupil;  Kill-oponing  and  comer  of 
mouth  hrowu;  ilun<al  ^]iotte<l  like  tail,  Ihe  hihiIm  on  iil|.ri>  of  (hi  eloneute,  narrow,  and  eliiM*  together, 
I'oulen.'in);  iKuiteriorly  to  form  a  while  Uinler:  unid  r:]Kitt<'d.  with  u  wliilv  lH>nler. 

Tlif  i<pi-vit-i<  in  ivjirei'eiileil  by  ii  i<iiii.'le  inijividiinl.  71)  I'ui.  Ioiik.  obttiiniH]  in  tli<>  Honolulu  inark<^t. 
Tyiw.  So.  ftrtsiki,  r.  S.  Nat.  Mu«, 

llf  the  fiHillfd  Huwuiiaii  eelp  tliii>  fiHTliv  eun  only  In'  eiiufn>Hil  u  ilh  (iiimitiilhur-i.r  golfUhorouglti, 
The  latter  may  Ih^  <tiHtiii^iii:'h<'<l  iit  n  tfhiiiet^  liy  the  ^'len.le^.  iHiiiittil  tail,  the  larfiier,  eireular  npiifat, 
and  dark  (lirout-i>uteh.  itx  luiHt  ntrikinjr  elm nu 'tern. 
N'iiiikmI  for  i'rof,  Chiirlex  Cli-velund  Xiillint;. 

26.  Oynmothorax  goldaboroughi  .li.nliin  A  Kvermiiun.     Ilouolnhi. 

27.  Oyumothorax  leucacme  -leiikitis.     Ilonolidii. 

38.  Oynmothorax  pictus  lAhh.     IlonoUibi;  Pmiko  Itiiy.  Iluwait. 
29.  Oymnothorax  berndti  .''iiydfr,  new  lijMH'ieii.     I'lale  4,  li^.  K. 

Htrad,  miiwiivii  lo  t'iH-o|fniiiK,  iKh)  of  the  leiijilh,  (1.27  of  tail;  .It-pth  O.M  of  head;  anoiit  0.21; 
■  left  <if  month  t'J>.     I'mtile,  a.  ijeiitty  Hlopiiijf  Ntraiclit  line  ln'lween  tiji  of  wiout  Hiid  pneterfor  part  of 
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interorbital  npace,  whence  it  abruptly  curve*  upwanl  over  the  greatly  swollen  occipital  region; 
Bnout  slender  an<l  |><>inte<i;  lower  jaw  pn>je<'ting  nlightly  l)eyond  upi)er;  mouth  closing  completely; 
teeth  in  a  single  series  in  ea<'h  jaw,  large,  8mo<>th-e<lge<i,  close  set,  tinnly  eml)edded,  the  anterior  ones 
somewhat  longer  than  the  others;  me<iian  canint^s  absent;  live  small  teeth  on  the  vomer;  nostril 
tubes  equal  in  height  to  diameter  of  pui>il;  |x)sterior  nt)strils  without  rims,  hx'ated  above  and  just 
posterior  to  border  of  eye;  orbit  ronn<l;  width  of  s|)ace  l)etwe<»n  eyes  equal  to  half  the  distancv 
between  tij)  of  snout  an<l  center  of  pupil;  gill-o|>ening  locate<l  on  a  level  with  eye,  the  slit  equal  in 
width  to  diameter  of  eye;  origin  of  dorsal  on  a  vertical  midway  between  gill-opening  and  comer  of 
mouth,  tin  membrane  thick  and  fleshy;  height  of  fin  near  mi<Mle  of  tail  e^jual  to  half  the  length  of 
snout;  anal  inserte<l  imrm^liately  l)ehind  vent,  appearing  as  a  ridge  of  skin,  the  highest  part  alK>ut 
0.6  diameter  of  eye;  length  of  caudal  e<iual  to  vertical  <liameter  of  eye. 

Color  gray,  with  fine  brown  reticulations  over  which  is  a  coarse  network  of  brown  l>ands. 

Color  in  alcohol  white,  tinge<l  with  brown,  more  clear  along  the  upper  lip,  on  lower  jaw,  and  on 
belly;  finely  cloude<l  and  reticulate<l  with  brown,  except  on  jaws  an<l  anal  fin,  all  overlaid  with  a 
brown-colore<l,  coarse  network  of  rather  broad  bands,  the  meshes  l)e<oming  finer  on  head  ami  broken 
up  into  elongate,  crcKjke^l  sjKits  on  jaws;  gill-o{)ening  brown;  dorsal  with  oblique  bars  which  connect 
with  reticulations  of  body;  anal  l)lackish  brown,  with  a  broa<l,  white  bonier. 

This  description  is  of  the  tyi)e.  No.  50867,  V.  S.  Nat.  Mus.,  an  example  98  cm.  long,  (»btained  in 
the  Honohdu  market  through  the  kindness  of  Mr.  K.  Louis  Berndt.  Two  other  sjH.»cimensof  alNmt  the 
same  size  were  likewise  obtainnl.  One  has  the  fine  reticulations  less  <listinct  than  those  of  the  type 
and  the  biui<ls  oi  the  coarse  ones  a  little  narrower,  al)out  et^ual  to  width  of  pupil;  the  snout  measures 
0.22  of  the  hea<l,  jaws  etpial.  The  other,  a  female,  78  cm.  long  (cotype,  No.  12791,  L.  S.  Jr.  Univ. 
Mus.),  when  comj>arefl  with  the  tyi>c  hd.<  a  more  slen<ler  head,  the  <K'cipital  regiim  being  less  swollen; 
the  color  is  similar,  except  that  the  ban<ls  of  the  large  reticulations  are  narrower  and  the  dorsal  is 
conspicuously,  though  narrowly,  e<lge<l  with  white;  there  are  two  large,  depressible  fangs  in  the 
anterior  median  portion  of  the  upper  jaw. 

ff.  Iperndti  may  l)e  distinguislu^l  from  all  other  Hawaiian  t*els  by  the  bn>a4l  brown  reti<*ulations  on 
the  Ixxlv. 

NamtNl  for  Mr.  E.  I^mis  Bcm<lt,  the  erticient  ins|)e«*tor  «»f  fisheries  in  Honoluhi. 

30.  Ghymnotliorax  xnucifer  Snyder,  new  s|)e<-ics.     Plate  '>,  fig.  9. 

Head,  measure<l  to  gill-opening,  ().4,S  of  trunk;  <lepth  0.44  of  hea^l;  sn<mt  0.21;  cleft  of  mouth 
0.41^.  Snout  rather  slender  and  pointe<l,  jaws  equal,  closing  <"ompletely;  teeth  in  < me  series,  slender, 
lance-like  with  slight  constrictions  near  l)ase.  their  i*<lges  smooth;  .S<lepressible  mt»<lian  canines  in  upper 
jaw,  the  longest  ( iK>sterior)  one  e<jual  in  length  t«»  diameter  of  eye;  a  row  of  small,  sharp  teeth  on  the 
vomer;  eye  midway  l)etween  tip  <»f  snout  and  angle  •»!  mouth;  wi<lth  of  space  betwe«*n  eyes  c<mtained 
twice  in  snout;  gill-o|>eninga  narrow  -jlit  equal  to  diameter  of  eye,  lointe*!  on  a  level  with  upjxT  lip;  nostril 
tubes  iN^ual  in  length  to  half  <liamt*ter  of  eye;  |>osterior  nostrils  with  scarcely  |)envptible  rims,  looate<l 
alK)ve  an<l  just  anterior  to  eye;  origin  of  doi*sal  anterior  to  gill-o|HMiing  a  distance  ecjual  to  space 
between  tip  of  snout  an<l  posterior  border  of  eye:  height  of  fin  alwive  gill-o|>ening  etjual  to  diameter  of 
eye,  al)out  l..'iS  times  as  high  near  mi<ldle  of  tail;  the  membrane  not  very  fleshy;  anal  inserte<l  imme- 
diately l^hind  vent,  appearing  for  much  <tf  the  length  like  a  thickened  foM  of  the  skin. 

Color  in  alo>hol,  rich  dark  bmwn  with  flakes  (►f  white,  which  are  gathered  in  clouds  and  more  or 
less  definite  vertical  l»ars;  the  flakes  scattered  rather  evenly  <>n  hea<l,  scarcely  j>en*eptible  on  lower  jaw 
and  snout;  throat  and  l>elly  lighter  than  other  |)arts,  the  white  and  brown  lH»ing  aVjout  e^jual;  dorsal 
gnjwing  <larker  towanl  the  edge,  where  it  is  nearly  black,  with  white  flakes  like  thost»  of  the  Innly 
arrange<l  in  oblicjue  bars;  anal  e<lgiMl  with  white;  corner  of  mouth  dark;  no  spot  at  gill-o{)ening. 

The  s|)ecies  is  repref*i*nte<i  by  a  single  example,  tyjK?,  No.  50868,  V .  S.  Nat.  Mus.,  inm\  the  Hon<v 
lulu  njarket.  It  measure's  :i4  <'m.  from  tip  of  snout  to  vent.  The  tail,  which  ha«  In^en  injured,  several 
centimeters  having  l>een  lost,  is  .'^7.5  em.  in  length. 

31.  Gymnothorax  xanthostomuB  Sny<ler.  new  si>ecies.     Plate  o,  fig.  10. 

Hea<l,  measure*!  to  gill-oj>ening,  0.125  of  the  length,  0.22  of  tail;  depth  0.<>8  of  hea<l;  snout  0.2; 
cleft  of  mouth  0.62.  Snout  acutely  n»undeil.  lower  jaw  i>rojecting  slightly;  profile  from  tip  of  snout 
to  inten^rbital  area  convex  an<l  gently  rising,  that  of  occipital  region  rising  abruptly,  nuchal  musides 
well  <levelope<i;  diameter  of  eye  0.4  length  of  snout;  width  of  sjuice  In'tween  eyes  0.78  of  snout; 
mouth  closing  completely,  the  cleft  extending  alnuit  one-thini  its  length  l)eyond  posterior  margin  of 
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orbit;  toeth  of  jiiwH  in  a  siii^rU*  wrics  i>lf»Hi'-H«^t  and  finnly  ini))e<l(UHl;  thcjne  at  HVinphyris  Bmall;  lateral 
oiK*H  lurvf'  aiitrriDrly.  ^r«>wiii«;  ^rradiially  smaller  ])<M<U'riorly,  tht*  luiHal  two-tliirdi*  of  their  etlgee 
(U'ltticiilatc:  a  iii«Mlian,  <l('prcssil)Io  caniiii'  lUMr  tip  of  iip]HT  jaw;  vmiK'r  without  teeth;  ant^^rior  nostril 
tiilHM'«|iial  in  Icnjrth  to  dianiHrr  nf  ]>iipil;  posterior  nostril  with  a  minute  rim:  f;ill-<ipeiiiii^  oval,  the 
(lianu'tcr  espial  to  1.5  times  that  of  eye,  the  lower  manrin  on  a  U^vel  witli  mouth.  Orifrinof  <lorMil  on  a 
vertieal  passinj;  mill  way  between  eorner«»f  mouth  an«l  anterior  tMljre  of  jrill-o|>oninjr;  uienibraneflechy; 
heiirht  of  tin  near  vent.  0.75  of  tlie  snout:  anal  inserted  immediately  Intliind  the  vent,  where  it  iri  but  a 
low  rid^e  of  skin:  nmrh  higher  and  less  tieshy  )>osterior]y;  height  near  itH  middle  ]torttoii  e<|iial  to 
half  the  length  of  sni>ut:  <'audal  slivrhtly  lon^^er  than  diameter  f»f  eye. 

Color  in  life,  yellowish  (»live  on  anterior  thinl,  iHM'omin*;  a  rieh  brown  iMwteriorly.  Head  aiid 
IwMly  foven**!  with  ronspieuiMis,  lijrht.  ofoHate<l  s|Mits,  the  lijrht  ] tart  of  which  Im  clearly  doll iie«ly  the 
dark  part  nun-e  intense  next  the  whit*',  jrrowin^  diffuse  withmit:  sjH.>ts  on  hi»a«l  very  small,  0.1  to  0.2 
diameter  <if  evi',  i)la«'t'«l  from  I  to  :i  tifues  tlieir  width  from  eaeh  other,  their  rt»nters  tiiige<l  with 
yell<»w:  iK'hind  tli«^  ;;ill-o]M>ninir  the  spots  ^row  nipidly  larjn*r  for  a  short  «listamt»,  then  very  ^rradiially 
inerease  in  s!ze  to  the  tail,  when*  thev  are  iiearlv  as  lanre  as  the  eve  an«l  I  t(»  2  or  3  times  their 
dianu'ter  apart:  |M»steriorly  an*!  on  the  tins  tin*  sjKjts  are  pun-  white  or  en'am  e(>lore<l;  ojK'n'h'H  witli  a 
brownish  black  nuir^in:  mouth,  within  and  at  corners,  bri;:ht  lemon  yellow. 

The  eo|i>r  in  alcohol  diffi*rs  but  little  from  tliat  <»f  the  llvin;^  siK'cimen. 

I)escrilM'il  froiri  the  typ«'.  No.  .')Osi)*>,  I'.  S.  Nat.  Mus..  \*\  cm.  lonjr,  o1>tained  in  the  Honolulu 
market.  Of  tw^*  otlu'r  examples  from  the  same  pla<-e.  one  airnvs  <'l(»s«'ly  with  the  tyjM',  exeept  that 
the  lowfr  jaw  j»roje«'ts  In-yond  the  upper  a  ilistance  eipial  to  the  tliameter  of  the  eye;  ]H»lly  without 
sjMjts.  The  (jther  n'otype.  No.  rJ7l»-,  I..  S.  .Ir.  I'niv.  Mus.)  has  the  iHMly  very  thick  and  rohuHt, 
nuchal  n*^i<ni  y:reatly  enlarijed;  hea<l  0. 1:I4  of  lenjrtli.  0.2."»  of  tail;  ilepth  0.<)  tiujcs  len^h  of  head. 

This  sjK'cies  may  Im-  known  from  all  otjuer  Hawaiian  <h*N  by  the  yellow  inouth  and  the  very  lai^pe, 
dark-borden-d,  white  spots. 

32.  Gymnothorax  waialuoe  Snyder,  ucw  spi-cie?-.     Plate  <».  li^'.  II. 

Head,  measured  to  ;:ill-oiH'niiijr.  0.1i*r>  in  the  leiijrili;  d«']ith  (».">:  tail  0.r>r>;  snout  0.1*  of  lu^ail;  eleft 
of  mf»uth  <)A.  I'ody  cniii]»rr^seil.  the  width  in  mirMle  «»f  trunk  <'tpial  to  half  the  de]»th;  interorbital 
spa<'e  sliirhtly  <-oiivex:  jaws  cipial;  ch-ft  of  iiiouth  extirnlinir  U'Vond  ey<*  a  distanct*  equal  to  longitiidi* 
inal  diameter  of  eye;  wiillh  ••!  >nborbital  spaie  cpial  \*i  vertical  iliameter  of  eye;  )nll-<i]ieninj^  an 
ol)li«|ue  slit  «Mpial  to  \eriical  <liaineter  of  eye;  tn*th  in  jaws  mostly  Ion;;,  shar]>,and  depretMihle,  the 
two  in  anterior  median  part  of  upper  jaw  lonirest;  lh<»se  Ih*1ow  ey«'  in  twowrit^,  the  outer  ones  8hort 
and  close-set;  three  short,  sharp  t«M>!h  on  \«imer;  anterior  nostril  tnln-s  near  tip  of  snout,  their  height 
equal  ti>  tliameter  of  eye;  posterior  nostrils  without  rims,  l(N'at(>d  abovt*  and  a  little  anterior  to  eyep; 
dorsid  insert<'<1  on  head  anterior  to  L'ilI-o|H'ninL;:  tin  hii:he>r  |N»steriorly.  its  hei};ht  iK^himl  mitldle  (if 
tail  <'(|iial  ti>  Ion;;itudinal  diameter  of  «<ye;  anal  in^erteil  inuiietliately  lK>hinil  the  vent,  alMUit  half  an 
hii:li  as  doixd;  cau<lal  sli;;litly  lonirer  th:in  liei;:ht  of  iloi-sal. 

(*oIt>r  in  alcohol,  white  tin;;ed  with  yellow,  with  2(»  black  luinils,  nearly  all  encircling  the  IhkIv 
and  exten<lin^  on  lins;  tip  of  suitut  white,  tip  i>f  tail  black:  the  lii>t  black  Uu id  covers  snout  exi'ept 
the  tip  U'lween  the  nostrils,  i-xicnds  backward  U'Voml  I've.  and  sends  a  line  downward  to  corner  of 
mouth,  where  it  me«'ts  a  round,  ]>lack  blotch:  chin  and  tlintat  white:  sides  of  lower  jaw  black;  a  white 
s|>iici*  In-tween  eye  ami  cornt  :•  of  mouth:  the  second  band  pas.ses  over  ncci put,  not  onuplete  below; 
third  band  incomplete,  passini;  o\cr  back  between  ^ill-openings,  a  dusky  prolon^nition  passin^^  down> 
ward  behind  ^ill-opeiiiny:;  other  bands  complete,  anterior  ones  broader  a  I  to  ve  than  Ih'Iow,  posterior 
lines  of  about  npial  width  thniUL'hout;  a  narrow,  dusky  stripe  extends  forwanl  alonjr  lower  HurfaiH* 
from  \ent  to  a  point  a  little  anterior  tt>  ;iill-o)K>nin^. 

This  spiN'ies  clusely  resemb'es  fi.  I,  imifinr  and  may  evi'Utually  prove  to  lie  the  young  of  that  form. 
The  :pecies  iliffer  in  color  auil  in  deutititni.  The  li«rht  spaii-s  on  the  IhhIv  of  fi.  A'firrrrmf  are  reddlah 
brown;  on  th(>  anal  (in  they  are  white,  dii  the  ilorsal  reildish  brown  Kirdered  with  white  near  i^l^ 
of  (in.  Caudal  tip|N'iI  with  white;  snout  reddish  brnwii.  Tn'th  in  a  sin«r!e  serif's,  t host*  of  the  jaws 
not  dvpressible.  except  'J  or  II  on  anterior  median  portion  ni  up|H'r  jaw. 

,\  sin;:le  s|M'cimi'n,  1()7  mm.  Ioul',  from  a  small  tide  jmioI  in  the  nM'f  at  Waialua  Bay,  Oahn.  Ty|>e, 
No.  ri()s7(),  !'.  S.  Nat.  .Mus. 

33.  Echidna  zebra  :  Shaw  ■.     Iloimlulu. 

34.  Fichidna  nebulosa  (Ahlj.     Honolulu. 
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35.  Echidna  vincta  Jenkins.     Honolulu. 

36.  TJropterygius  marmoratus  ( I^rc|»i\le).     Many  younjr  individuals  <*olle<'te<l,  as  follows: 

i   No.  of 

sptM'i-       I^'iiffth.       StatioTi.  I^wulity.  hfptli. 

'  inons. 

ftiiii.  Fnth. 

:>        ■/:]  lo     0  •^*i47       Stiuili  c<»ii>t  of  Mol»>kai 2:J  to  '21 

•_»        7:i         ^1  3*vi(»      do VA      -IG 

1  1  li»  :\s72    :  Between  Mjiiii  an<l  I^nai :;j       i;i 

\1        :•;      l_»ti  ;i.s7«', do •>      43 

In  lift*,  the  youn^  an*  dark  l»ni\vn,  the  throat  and  lower  jaw  much  lighter,  aluK^t  whit**  in  some 
specimens.     There  are  no  dark  niarkinp*  jis  in  the  adult.     The  niueus  |Mires  on  the  h€»ad  are  white. 
The  following  measurements  are  in  hundrtnlths  uf  th<*  length: 


Length  in  millimeters 

Length  of  liead 

Length  of  head  and  trunk 
i     Depth  of  body 


iiy 

KV 

im; 

.79      ' 

0.  U) 

U.  II 

0.  !(»."> 

0.11 

.4:> 

.Al 

.4t; 

.44       ' 

.IKV> 

.IK^T 

.(M 

.  CM.'>    , 

37.  TJropteryg^UB  leucurus  Snyder,  new  six'eit^s.     Plate  <>.  li;r.  I-. 

Hea<l,  mea>:ure<l  to  jrill-ojHMiinj;,  0.12  of  th»*  l.Mi'^tli;  tail  0.."S4;  dt'pth  0.:>S  of  hea<l;  snout  0.2;  <*lelt 
of  niouth  0..'U>;  lower  jaw  shorter  than  up|H*r,  tip  extendinjr  to  hiu^e  of  nostril  tuln***;  tei»th  of  jaws  in 
two  .series,  outer  ones  small  an<l  elose-st"t,  inner  ones  fan^dikean<l  widely  spaeeil;  ame<)ian,  <lepre8Rihle 
fanjj  in  upi>er  jaw;  a  sinjrle  row  of  sharp  teeth  on  vomer;  anterior  nostrils  wilh  tubes  (Hjual  in  lenjirth 
to  diameter  (►f  eye;  iH>steri(>r  nostrils  without  rims,  l(X*ate<l  al>ove  eyes;  eye  h>eate<l  al)Ove  middle  of 
cleft  of  mouth;  jrill-o|H'ninjj:  a  horizontal  .<lit  equal  t<Mliametcr  of  eye.  Thed<»rsal  tin  l)ecomes  evident 
at  a  |joint  ahout  half  the  len^rth  of  hea«l  from  tip  of  tail,  it  l>eing  represente<l  anterir)rly  by  a  mere  fold 
of  the  skin  which  extends  to  occiput;  cau<lal  iK)int(Nl;  a  mere  trace  <>f  an  anal  whi<-h  joins  the  caudal. 

Color  brown,  finely  s|M>tted  alM)ve  with  white;  ventrally  the  sjK)ts  In-come  elonjrate  and  unite, 
also  increasing  in  size  until  on  the  belly  the  color  is  white  with  line  reticulations  <»f  brown;  up|>er 
parts  with  figures  forme<l  by  the  union  of  elongate  s|x»ts;  end  of  snout,  upin-r  lip,  lower  jaw,  and 
throat  white;  fin  aromid  end  of  tail  white. 

This  sjKH'ies  rcs<Mnbl»*s  the  youn»r  of  J  •  nmnn'fi'atnx.  It  differs  in  color,  that  form  l»eing  neither 
spotteil  nor  otherwisi*  ti^urcd  with  white.  The  jaws  of  l'.  ?/iar?/*or*//»/.'<  are  tHpial,  and  no  dorsal  fin  is 
evident  on  the  tail. 

One  sjK^i'imen,  112  mm.  I<»n^',  was  taken  in  2S  fathoms  nf  water,  station  .*iS74,  b<*t\v«»*Mi  Maui  and 
Lanai.     TyjM',  No.  .'>0H71,  1'.  S,  Nat.  Mus. 

ALBILII).4:. 

38.  Albula  vulpes  (I.inn.-eusi.     Ilanalei  Uay,  Kauai. 

CLIPEII).4:. 

39.  Etrumeus  micropus  (S<*h]e<;el ).     Honolulu. 

ENT.RAULID.li:. 

40.  Anchovia  purpurea  (  Fowler  I.     llon(»hilu. 

SYN()I)()NTII).4:. 

41.  Trachinocephalus  myops  (  Forster).     Hontihdu;  Hanalei  Hay,  Kauai. 

42.  Synodus  varius  (T^<x'iKVlei.     Ibmoluhi. 

43.  Saurida  gracilis  ( (juoy  i<:  Gaimard  I.     Ilanalei  Hay.  Kauai. 

HELOMD^:. 

44.  Belone  platyura  Hennett.     Honolulu. 

45.  Athlexmes  hiana  (Cuvier  «&  Valenciennes).     I^haina,  Maui. 


BltLLKTIN    OK   THK    I'SITKD   HTATKS   PlSH   OOMMISSION. 
HEM  IK  H  AM  PH 11)^. 


46.  HyporhamphuB  paciflcus  (SIi-iiiilHi'liiii-r).     I^y: 

47.  Hemiramphua  dep&uperatua    l^y  &   ttctitielt, 

Molokai,  <l<-i>tti  l:<  futli<iiiii'. 

48.  EuleptorhAmpliuB  longiroatris  iCnviiT).     llim 


1  IhIuikI. 

II lulu;  utaliii 


>lulii. 


:W.'M,  («>utlit>m  i-nwit  o 


EXttCtETlIlJ-:. 

49.  ExoccBtua  Tolitaua  l.i[iii)i>iii<. 

Au  I'xutiipU- laiiie  alHiunl  xhii'Ht  iiiKht  Hitiii-wlicn'  lietwit-n  t>tatiunM3H04  auil  3M05,  alnnit  24°  N 
by  1.^1°  \V. :  iiuxtlicr  at  Klation  mtS,  iirar  i  lahii.  Thfw  liave  iint  liecn  roui|iaiv<l  with  (ip«4-iniens  frun 
thf>  Atlantic.  The  vt-ntralu  are  iiiHtTtiil  iniilway  U'twM-n  ti]>uf  ><nciut  aiid  banc- of  eijihth  ray  of  anal  ii 
one  iniiiviiliial :  lM'tWL-«>ii  I'miiit  ami  ti>ntli  my  in  the  nlhtT.  Tin-  )>t«tnrtilH  oxt«nil  to  the  Ixxie  <if  th 
(taiulal:  the  firvt  my  Hiiiple,  the  i>i.-<-i.>n<l  cliviiliil,  the  ttiiril  [nnriiiu.'  tiji  of  tin.    The  lUinml  and  aiu 

t-arh  havi'  i;t  rayn,  tin-  [«ri:n'r  iiiMTitil  ii iiliait'ly  ulmvt'  tho  IstUT;  l>ai»e  of  anal  luntc^r  than  that  c 

ilLwal  hy  an  uiiinnnt  w|nal  to  s|MU-i>  lielwivn  tin.  tw..  iH««<Ti'ir  myi*.  Tlie  Ifnjrth  -if  th«  wnlralti  i 
0..W  ..f  till-  iMim-  .if  aniLl.  Thi-n'  are  :i.".  «m1i-«  In  a  wrii-«  U-lnii-n  u\i]h-t  i-.lj.v  i.f  liam?  .>(  in-ctoruE  aii. 
the  i^ui'Int,  ^1  iir  '22  lietwceii  <H-<-i]iiil  uml  clcimil  tin.  liiiul  itieufiinHl  ti<  end  uf  r))>en-nUr  flap  tHjiial 
(V'r,  tht'  l<-iit.th;  K[ii>ul  O.L'-J  i>[  hniil.  iii<'tn<IiiiK  <>|H'r<'iilur  tlu)>:  eye  0.:i1;  iiilemrhital  t<|>Biv  0..'».  Tb 
IHi'tiinilH  lire  itiipky  with  :i  li^ht  fiiu'lerior  Miiiivin,     l>orHnl,  mini,  iinil  ventruli'  witliimt  (nihir. 

50.  ParexoccatUB  brachypterue  iSnliiinlerl.     MiiimUilii:  Klutlun  .tN2)l.  off  Mint  hern  eoant  nf  .Mnlokai 

51.  Ezonautea  ^Iberti  SnyitiT.  new  !<{-ei'le!<.      I'lule  7,  II)!,  IX 

lleatl,  III  enil  nf  iiix-niilur  llii|>.  il,'JI,7  .if  U-ugtli:  ih>[ith  0.147;  wlilth  nf  IhhIv  at  liam-  of  i>ectonl 
n.lt'i;  ileiithiif  ejiixlul  )*(lmieli'O.L'«  i,f  luii.l:  eyeO.ItJ;  snciut  It.W;  intenirliltal  t>|mii>0.:tK:  D,  10:  A,  Ml 
waleti  iu  liiteml  Mcriei'  li«vi"""'HH'"ive  luiw  i.f  juilnnil  4«;  U-tween  iHripiil  aiiil  liai^>  nf  ilorml  32 
lietwe<-n  iHU'ral  litie  anil  'lornal  <I. 

Ah  inilii'Ukil  hy  the  aHive  ineUHiirenientx  of  the  IhhIv.  thiH  i»  >me  nf  the  tiKDit  Hieniler  of  the  Hyin, 
liiilie:>.  ItiHly  i[iuiilmTi)riiltir  in  M-irlinn;  Ihu'Ic  liniuiier  tliitn  belly,  convex;  miin«  of  the  nieilian  cicalefi  o 
luu-k  with  lowkeel^;  intemrbilul  iijiai'e  .'nni-ave;  Hiionl  u  little  chortertbaii  ilianielerof  ey«;  lower  iav 
i-IJKhlly  (inijei'tint;  lieyninl  ii|i|>ei':  niaxlllary  extenillii)!  to  iHwterinr  Uinlor  of  niiKl.ril.  No  teeth  oi 
liinifiie  iir  mnf  of  niniilh.  thinv  nil  jitwii  Marei'ly  jieriv)itible;  tfillnikerH  nn  fimt  an-h  25,  long  ant 
Hletiih'r;  latenil  line  [|i)m)i)ieiirinfr  iH'ar  eiiil  of  anal  Ihi. 

The  |Ni'toral  tin  exU'iiilx  to  wilhin  aUmt  itn  eye'H  ilianieter  uf  )iaH<>  of  eauilal;  »f  IX  myrs  flrst  him 
Mi.Mii<l  Hiiniile;  wei>ni)  h  thini  uf  il.-'  lenj-lli  lonjnT  than  tirvt,  uhit'li  in  :t.Hl  tiiiieK  iliainfter  of  «y« 
thini  lay  'livi.leil  lU'Hr  tip  of  fiml;  Ii[i  of  tin  fciniieit  liy  liraiulien  of  f.nirth  my,  thim.'  uf  fifth  beini 
sliithlly  jih.irler;  Heiimil  ray  nf  cloniul  lin  Ininp-Ml,  rt.W  uf  hcail;  Iki;*-  of  lin  ei|iiul  t"  "2  tiiiieH  iliaiiietei 
nf  eye:  aniil  iiwrtc-l  the  wi.llli  of  a  seale  i ulterior  to  .Inrnal,  iln  base  nhorter  than  that  of  doraal  bi 
an  unioimt  tH|unl  In  the  siniiv  iH-lwivn  2  niyn;  heitflit  of  limt  anil  NKiiml  niyti  alxmt  etjlial  tf  i  that  li 
fourth  iliinul;  ventRilii  inm'rtiii  niiilwiiy  lietwei'u  liai«-  nf  cauihil  anil  a  )ioinl  anterior  to  ^Ige  o 
n^K-n'le.  a  diiitiiniv  ii|iial  tn  lUuiiieter  nf  |iiipil:  exieiiilint.'  |ii)Hleriiir1v  ii  little  U-vond  Ihe  liane  of  anal 
unt  l>i-ynnd  ti|>  nf  hot  niy  when  ilej.n'nm'ii.  Tpiier  Inln-  nf  .iiniliil  |M>inleil,  il>'  leutith  :l  tinier  th< 
width  of  Ihe  inlen.rhital  H|m.'e;  l^wer  l.il)i>  an  eye's  .liiiitieler  IniijaT. 

Colnr  in  alii.hnl,  ilmk  hrmvii  iil.ivr.  ^-livery  Ik^Iow,  i"'i-lnr.il  wllhoul  h|hiIs,  dnsky;  the  fret-  edfO 
with  awhite  ari'ii  11:1  wide  a^-iniiiil,  i>rn\iiiial  l.Mvlii.li  in  a  Miukish  Iwnd  Iwn-lhinlria):  wi<l«ua  tht-eyp 
u|j[KT  or  atiterinr  iilp'  nf  fin  liitht,  an  indistinrl  itark  an-a  extending  aloii);  Ihi-  lirat  to  fourth  myg 
lower  or  |ii»lerinr  i"l);e  of  lin  nlmu  the  k»t  f'lur  ravH  while.  Middle  rayi<  nf  ventmle  dimky.  the  lii 
iniliHtinrllyli'inli'reit  with  nliile.     I'niiflt.'eof  eanilal  iHinlenil  with  white.     Itnmal  ilu^ky;  anal  whit(> 

The  njieeieM  ih  wfininnly  r.-lati'.l  tn  K.m„.iiitf,  ruiuhh-lii  i  I'livier  &  Valetieiunnm)  of  the  Atlantic 
It  iM  n-jirewnted  l>v  nni-  individual  Jt;..~i  tvntinietera  loii);  (Mnout  tn  end  nf  Uiwer  laudal  lolie),  wlik-l 
i-sniie  alHwnl  the  ,l//W,-.».nt  iiiKht.  iM-tw.-en  Htatinnn  :i7»lt  and  3M0«1.  «.niewhe«-  nparWJ"  N.  hy  HO"  W, 

Ty|«',  No.  MH--1,  v.  S.  Nat.  Mus. 

Niuned  for  Dr.  Charh'n  Henry  (iilliert. 
62.   OypBilurua  aimus  <Cuvier  .(  YaliiiiieiineHl .    llomilulu:  Waintea  and  lUnaniaula  Bay,  Kaoal 
ulatinn  3800,  Napili,  Molnkai. 
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AULOSTOMID^. 

63.  Aulostoxnus  valentini  (Rleeker).     Honolulu;  I^ysau  Ishiud. 

FISTULARIID^ 

64.  Fi«t\ilaxia  petimba  I^tvpede.    Honolulu;  Hilo;  Hanalei  Bay,  Kauai;  Neoker  Island. 
Skeletons  fomul  at  Het-ker  Island,  where  t1:Jlu*s  ha<l  l^een  «"arrit^l  a^^hore  by  ImhIh. 

SYXGNATHII).*. 
66.  Doryichthys  pleurotflBnia  (ii'inther.     Honolulu. 

ATHEKIMI).€. 

66.  Atherina  insularuxn  Jordan  i^  pAennann.     I^ysan  Island;  station  3S^,  southern  <x)ast  of  Molo- 

kai;  3S*i()  and  ,"iS70,  betwt»en  Maui  and  Molokai;  station  ^ttMVi  north  iN»a**t  of  Molokai.     Taken 
at  nijrht  with  the  surface  net. 

MUGILII).*. 

67.  Miigil  albula  Linnaeus.    Wainiea  River,  Huleia  Kiver,  Hana{ie|x^  River,  Kauai;  Honolulu;  station 

1^844,  off  southern  i-oast  of  Molokai. 

SPHYK.*M1).4:. 

68.  SphyrflBXia  commersonii  (Mvier  !<:  Valenciennes.     Hnnolnlu. 

P0LYXEM11).4': 
60.  Polydactylua  sexfilis  (Cuvier  &,  Valenciennes).     Honolulu. 

H()LOCENTRII).€. 

60.  Holotrachys  lima  ^Cuvier  <!t  Valencienne?().     Honolulu;  Uiysan  Island. 

61.  Myripristis  xnurdjan  iForskab.     I^ysan  Islan<). 

62.  Myripristis  bemdti  Jonian  i\:  Kvenuann.     Honolulu. 

63.  Myripristis  xnultiradiatus  <ninther.     I^ysan  Islanil. 

64.  Flamineo  saminara  (  ForskAb .     Honolulu;  I^ysiui  Islanil. 
66.  Holocentms  erythrsBus  (iiinther.     Honolulu. 

66.  Holocentrus  xantherythrus  Jordan  i^:  Kverinann.     Honolulu. 

67.  Holocentrus  diploxiph lis  (nint her.     Honolulu;  I^iako  Bay.  Hawaii;  I^ysan  Island. 

68.  Holocentrus  diadema   I^ce}HMle.     Honolulu;    l^ysan    I>iland;   station   ^{H:i4,  southern  <*«ia8t  <»f 

Molokai.  depth  s  fathoms. 

SC0MRKID.4:. 

69.  Germo  sibi  (S<'h]e>;el ).     Honolulu. 

70.  Acanthocybium  solandri  i Cuvier  cV  Valenciennes).     Honolulu. 

LEPID0PI1).€. 

71.  Ruvettua  pretiosua  (Vxt\>.     Honolulu. 

XIPHIH).*. 

72.  Xiphias  gladius  Linnaeus.     Honolulu. 

CAK.\.\(;iD.€. 

73.  Scombroides  sanctipetri  (Cuvier  *&  Valencienm^).     Honolulu. 

74.  Seriola  purpurascenis  Schle^l.     Honolulu. 

76.  Trachurops  crumenoplithalnia  iRlo<*h).     Hanalei  Hay,  Kauai. 

Said  to  appear  in  lan^e  whools.     One  of  the  most  important  food-fishi»s  at  Hanalei. 

76.  Carangns  latus  (A^^'^iz).     Hanalei  Bay,  Kauai;  Puako  Bay,  Hawaii. 

77.  Carangns  affinis  (Ruppell).     Honolulu. 
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78.  CarangiiB  helvolus  (Forstor).     Iloiioliilii. 

Th(*  locality  from  whitrli  For>iti>rnht;tiiu*4l  thin  H|>e<'ii'H  in  not  known,  luit  at*  he  vinited  the  Hawaiian 
lHlan<ls  with  Captain  (\»ok  it  in  jMiHsihh*  that  liis  HiN*<'inuMi  canu'  from  tliat  n^^ion.  An  example  I{H«>iii. 
lunvr,  from  th**  Honolulu  market,  ajrnvs  jH'rfe<'tly  with  the«h*HiTiption  of  thin  sjKMMes. 

Hea<l,  ini-hulin^  o|M*rrular  flap,  (Mpial  to  0.:i  the  length  to  \tAi*v  of  cauilal  tin:  depth  0.4;  HiuMit 
O.'ii  of  licad;  lower  jaw  proje<-tin^  somewhat  iM'Vond  up}N'r;  maxillary  0.4,  reArliiii]|;  to  a  vertieal 
through  anterior  (hI^tc  nf  pupil;  eye  ().L'.H,  a  horizontal  fn»m  tip  of  nnout  jub^nin^  thmu^h  (vnter  t>f  pupil; 
width  of  interor))ital  sjiat'e  O.li^y.  No  teeth  on  vomer.  {uUatim^H.  or  ti>n);ue,  thoso  of  jawM  in  a  sinj^le 
M'riefi.  Ton^Mie  dead  white  in  color;  niof  of  nionth  similar,  U-comin^  aliruptly  lilue-IUack  iMiiHterirtriy, 
the  white  extendin]^  Imekward  iis  a  V-^hajMHl  prolonpition;  the  niemhrani»iiri  flap  white  on  tlie  ])art 
tonch<Ml  liy  ti»n^n<*,  hlack  (»n  sides;  lower  jaw  1h'1(»w  tonpu*  dark,  the  flap  white  lieneatli  t(in);m% 
dark  on  sides.  Head  with  srales  U'liiiKl  the  eye  an<l  on  the  cheeks;  a  narrow,  naked  PlMU*e  on  the 
(HN'iput,  extending  Uu-kward  ti>  spinous  dorsal;  hri'ast  nake<l:  plates  in  straight  ]Mirt ion  <»f  latt*ral  lin«^ 
.'VS,  eiicli  i>late  with  a  keel  forndn^'  a  sharp  ridm*.     D.  v,  iJS;  A    i,  T2. 

79.  CarangiiB  cheilio  Snyder,  nt*w  species.     Vlaiv  S,  t'l^.  14. 

Head,  measured  to  en<l  of  opercular  Hap,  O..TJ  of  len^tli  to  hase  of  niudal;  de])th  0.3i);  fh'pth  of 
caudal  iK'iluncle  0.ir>  nf  the  length  of  lu'ad;  diamet<T  of  eye  0.14;  width  of  interorhital  h|uuv  O.JH; 
length  of  snout  <).4:i;  maxillary  ()..'17;  |K'ctoral  fin  O.U;  veiitnils  0.41;  height  of  tiivt  dornal  my  0..S2; 
anal  niy  O.'JS;  hMi;ith  f»f  upinr  loU*  of  caudal  (».SS;  I),  vm  i,  L»4;  A.  ii.  21;  scales  in  latend  serien  aUmt 
llti;  lN*twet*n  latend  line  antl  spinous  dorsal,  counting  upward  an«l  forward,  alNiut  2S;  platt^  in 
stnu;;ht  {Mirtion  nf  lateral  line  alMiut  '.\S,  Snout  |N)inted,  anterior  ci»ntour  of  he:id  simiowliat  emu *ave 
in  the  n';;ion  ni  interorhital  art>a.  Lower  jaw  sli«;htly  shorter  than  up])(*r;  maxillary  not  rettfliinj; 
a  verti<'al  through  anterii»r  ed^eof  orhit  hy  a  distance  ahout  eijual  toilianieterof  ])Upil;  liiis  very  thick, 
the  width  tif  upper  near  its  middle  iMpial  tt)  half  diaim^ter  of  eye;  ttn'th  short  and  1>liinty  in  a  single 
series  on  the  jaws;  n«»ne  on  vomer  aud  ]»a]atines;  a  few  very  short  tt-etli  on  t<»n}rue;  ffillrakerx  7  ■  3.% 
the  lon;;est  iMpial  in  len;rth  to  diameter  of  iris. 

Scales  on  «H'ciput,  interorhital  area,  ch(*ek,  and  np{H*r  part^^  of  i»{H>rcles;  other  ])artH  of  hea<l  nakeil; 
InhU',  including  hreast  and  a  sheath  ahm^  has<>  of  dorstil  ami  of  anal  with  small  M'ales,  Mulen  of  |kik- 
terior  |>:irt  of  |ii>ily  with  ndnute  ones  alon^  their  eil^es;  ni>  scales  on  niemlinineH  of  Ihin;  latenil  line 
a  little  more  curveil  than  contour  nf  hack,  the  ><tiiii;;ht  |ijirt  U-^innin^  1h*1ow  tenth  artienlateil  ray. 
Plates  highest  and  )>roadest  near  midiileof  caudal  |H'duncIe,  their  width  at  that  ]Miint  (>((nal  to  half  the 
width  of  maxillary  at  posterior  part.  First  dorsid  spine  sh(»rt  an«l  elostdy  mhiate  to  Hei*ond;  Heittnd 
spine  longest,  0..'{:{  of  len;;tli  of  head;  rayed  ]»ortit>n  of  tin  with  a  scaled  sheath  along itH  liase,  the  hei>(ht 
of  anterior  )>art  of  which  is  equal  to  diameter  of  pupil;  |MisteriorIy  the  sheath  gRidually  gruw8  lower, 
<1isii]>]H'arin^  ii«-ar  end  of  tin;  anal  spines  thick  und  strong',  their  lieight  a  little  less  than  diameter 
of  pupil;  ha.^e  of  tin  with  a  sheath  similar  to  tluit  of  dorsal.  (  aixlal  dieply  forked,  the  hd^en  Hhar|>lv 
{MiinttNl;  {N'ctoral  falcate,  sharply  pointed;  ventrals  ni»t  reaching  anal  o|H'ning. 

Color  silvery,  a  little  darker  ahove  than  U'lnw:  tipper  eii«fe  of  o{K>rcnlar  tiaii  with  a  dark  »(]Hit 
alNiut  half  the  si/e  of  pupil;  axil  dusky. 

A  single  s|>iM-imen.  77  cm.  lon^,  from  the  Honolulu  market. 

TyiK'.  No.  r»()s7:;,  I'.  S.  Nat.  Mus. 

80.  Carangoides  ajax  Snyder,  ne»v  sin-cies.     Plate  s,  Ii;;.  ir>. 

Head,  measured  to  end  iif  opercular  flap,  O.L*s  nf  tin-  lenyrth  to  l»a«'  <»f  caudal;  <1epth  0..S7;  depth 
of  caudal  {KMluncle  0. !.'»  of  the  length  of  head;  diameter  of  eye  O.'J;  width  of  interorhital  Hpaee  0.29' 
length  of  snout  0.4'J;  maxillary  0.41 ;  1>.  W*:  A.  I(i;  plat(>s  in  straight  portion  of  lateral  line  alxint  82. 

.Vnterior  profile  elevated,  the  coiitt»ui' rising  ahruptly  to  a  {Niint  aUive  jMtsteri or  margin  of  «irhit. 
liower  jaw  slightly  longer  than  u{)per;  cleft  of  mouth  almost  horizontal,  maxillary  n^aehing  a  vertical 
]iassing  through  center  of  pupil;  width  i>f  sulwirhital  area  O.L't*  of  length  of  head.  Teeth  villifnrm,  in 
liands  on  jaws,  vomer.  palatin(>s,  and  toiiLTue.  <  iillrakers  oit  lower  limh  of  tirst  an'h  14,  the  Imij^eKt 
etpial  in  len;rth  to  width  of  post«-rior  part  of  maxillary. 

Head  naked,  except  a  small  area  Udiitid  anil  Udow  eye,  when'  there  are  small,  deeply  iinlKMldeil 
scales.     liody  mostly  nakeil,  there  iH'in^  an  irrcL'ularly  outliiKNl  area  i.lontr  lateral  line  with   small 
indM'd<led  scales;  lateral  1in(>  much  mi>r«>  archiMl  than  dors:d  contour,  the  highest  jtoint  of  ciir\'e  just- 
anterior  to  insertion  nf  dorsal,  the  straight    part   iH^gininng  U-low  hase  of  twelfth  dornal  ray;  3  or  4 
(N)st(>nor  plates  lanrc.  their  leutrth  alMiut    halt  the  ih'pth  of  caudal   iH'dtnicle;  other  platen  gmwinff 
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sinalK'r anteriorly,  aliiio^^t  «li.sai>|K'ariii^  l>efon»  i'lirveil  |M»rti<»n  <>f  lateral  line  is  n*a4'heil.  Spinonntlnixal 
Dnt  present:  an:il  spini-s  aK^^tMit:  anterior  rays  t>f  lM>th  tins  elevate*!,  their  heijflit  aU»ut  0.4  of  lenjrth  <»f 
head.  C'an«lal  <kvply  forketl,  lolies  of  iN|ual  length,  O.So  of  In^ail;  |K:H't4»ral  falcate,  0.^  of  hwnl;  ven- 
trals  short,  i>ointe<l,  0.4.S  of  lu*a«l. 

Color  silvery,  lUirker  al>ove,  in<listinctly  niarhhHl  with  <hisky  alon^  the  lia<*k:  l»asi'  of  p<»<'toral 
eolori^l  on  |M»sterior  si«le.  upiH*r  half  hn»\\nis!i  hla4*k,  l«»\ver  «lea<l  white:  <lorsal  tin  with  n  <lnsky 
niar>rin. 

One  siHvinien  1*7  erii.  lonjir,  from  the  market  at  Honolulu.     Tvjm',  No.  .XKS74,  \'.  S.  Nal.  Mns. 

81.  Caranx  speciosus  I  Forskal  I.      Iloiioluiu. 

82.  Alectis  ciliaris  (Bhx-h).     Honolulu:  Hanalei  Ikiy.  Kauai. 

BR.\M1I).4':. 
COLLTBXJS  Snyder,  new  genas. 

Cikihfhns  Sny«ler,  new  jrenus  of  Unnnit/.i:  typ<',  ( h/h/hns  ilntrhmt,  new  s|>e<'ii*j». 

\\i^\\'  «leep,  ovate,  gn^atly  eonipresj^?<l.  Teeth  in  narrow  haiuls,  alMiut  2  or  .*>  n>ws  on  jaws,  none 
on  vomer  or  palatini»s;  2  small  fanp*  on  eai-h  8i<le  of  l«)wer  jaw  near  tip:  te**th  all  small,  weak,  sharply 
pointed.  Gillrakers  long  an<l  slen<ler;  pseu<lobranchi;e  larp\  rylori*-  ea^-a  4;  2  of  them  alMUit  e<iual 
in  lenjrth  to  diameter  of  pnpil,  the  «»thers  nearly  as  lonjr  as  stomaeh.  Vertebnv  .'{S.  Month  ver}' 
oblique,  nearly  vert ii'al.  ()|>en*le,  sul>oi>en*le,  interoperel»»,  an<l  pri'ojH'rele  sm«M»th.  Si-alej^short;  very 
broad  (vertically),  the  upper  an<l  lower  e«lgt*s  sharply  iM>inte<l:  stronjrly  ctenoid,  ea<'h  scale  with  a 
median,  thickene<l,  vertical  rid^re  havintr  a  conspicuous  tul»en'le  in  the  center;  number  of  scales  in 
a  lateral  rt>w  lietween  oj>en'le  and  l»ai»e  of  ciuidal  al>out  5().  Xo  lateral  line.  I>orsal  inserte<l  on  a 
vertical  ]ia^ing  just  liehind  l»ase  of  ventral,  rays  \\A,  the  anterii»r  .'J  or  4  without  arti<*ulations;  anal  'MS\ 
a  row  of  scales  along  l»ase  of  tin.  Caudal  deejdy  forke<l.  Ventral  insi»rte<l  on  a  vertical  through 
jKiHterior  half  of  liaise  of  j>ectoral. 

Color  silvery,  du>!ky  on  head  ami  liack. 

The  genus  CoUi/huit  differs  from  T'lrnrtrs  iu  not  havinj:  tt^Mh  on  ihr  vomer  and  [lalatine  Ikjuiv,  in 
having  the  cau<lal  deeply  <-lelt,  the  ventrals  insi^rtt^l  jMisterior  to  the  middle  of  the  l>asi*s  of  ]»ei'torals, 
and  in  not  having  the  opercular  Iwtnt^s  dentirulate<l. 

83.  Collybus  dracliine  Snyder,  new  siK*cit»s.     Plate  '.♦.  tig.  H>. 

Head,  measure*!  t<»  end  of  o|K*nMilar  flap.  n.;>  of  length  (  snout  to  luiseof  ("audaM;  depth  O.H;  <lepthof 
caudal  |>e<Umcle().2Hof  hi*ad:  eyeO..S7:  snout  0.21;  maxillary  0.4'>;  iiiterorbital  s|»a(v0.29;  I>.  S4;  A.  30; 
scale**  in  lateral  series  51;  in  a  vertical  serie- count ini:  upward  and  ha<"kward  from  insi*rtion  of  anal  19. 

Bo<ly  greatly  compresse<l.  its  width  at  the  wi«lest  part  e.pial  to  ieii*jth  of  maxillary;  upper  contour 
rather  evenly  curve*  I  from  snout  to  caulal  |HMluncl«';  lower  contour  much  mt»re  convex,  the  l)ai»e  of 
anal  not  «-urve*l;  mouth  nearly  \ertical;  lower  jaw  projtN'tini:  xnnewhat  lK\voiid  up|>er;  posteri<)r  eiige 
of  maxillary  ri*achinga  vertical  thnmtrh  anterior  edge  «if  j>upil.  Teeth  small,  weak,  sharply  pointed, 
in  narn)W  bands  i2  i>r  .*{  rows »  on  jaws:  2  largi^r.  fangdike  teeth  on  each  si«ie  <>f  tip  of  lower  jaw;  n«» 
teeth  fin  vomer  and  palatint»s.  Pseudobranchia*  largi*,  the  tilaments  e<pial  in  length  to  twice  diameter 
of  pupil.  (lillrakers  4  -10,  slender,  long,  iunl  sharf>ly  jxiinted;  e<iges  of  oi>ercle.  intero|X'rcle,  tul>- 
open'le,  and  preo|>en'le  snio<»th;  li>wer  jaw,  snout,  and  inten)rbital  area  nake<l;  other  parts  of  h earl, 
including  the  maxillary  and  the  Inxly,  closidy  H'ale*!.  Scales  stniugly  ctenoid,  the  ridges  with  minute 
tulxTcles;  each  s<'ale  with  a  high  vertii:al  ridge,  on  the  middle  of  whi<-h  is  a  prominent  knob;  the 
ridges  of  the  scales  an*  hid<len  by  the  overlapping  .^^ofter  parts,  while  the  knol  s  projwt,  lying  in 
longitudinal  rows.  The  s<"ales  are  short,  but  very  bnwid  vertically,  the  iipin^r  an«l  l<)wer  e<lgi's  sharply 
pointe<l.  Si'ales  of  hi^ail,  at  Ijane  <»f  {nx'toral  an<l  along  the  l>a<'k  are  much  smaller  than  the  others. 
No  evident  lateral  line. 

Dorsal  inserte*!  on  a  vertical  |«.ssing  l»ehind  Iwse  of  jiectoral  a  dbJtance  I'ljual  to  «lianH*ter  of  pupil; 
rays  'M.  the  anterior  3  or  4  without  articulations;  tin  elevate*!  anteri^jrly,  the  l<»ngest  ray  0.7  t>f  length 
of  hea<l;  iM>sterior  rays  0.2S.  Anal  rays  ext-ept  tir>Jt  one  <»r  two  articulate<l;  length  of  anterior  rays 
0.28  of  head;  caudal  <leeply  forke<l;  i»ei'toral  |K»inte<l,0.;V>  of  the  length;  ventrals  inst*rted  on  a  vertical 
passing  thn>ugh  i>osteri«tr  half  of  l>ase  of  pectoral. 

Color  bright  silvery,  dusky  on  upper  part  of  head  and  along  bai'k:  a  silvery  sj)ot  about  the  .•»ize  of 
pupil  at  insi*rtion  <»f  dorssal.  I'pper  and  lower  rays  of  caudal  dusky,  central  part  yellowish  white; 
anterior  rays  of  dorsal  dusky. 
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Tho  ty|H*,  No.  50875,  V.  S.  Nat.  Miih.,  in  a  Hp4H.*iinen  0.81  nun.  lung,  from  Htation  417H,  off  Niihau, 
c*vi<iently  nt^ar  the  Hurfacv.  Other  (^xaniplen,  among  whirh  are  cutyijes,  7737,  L.  8.  Jr.  Univ.  Mus., 
wen'  obtaimMl  from  the  Htoma<*h  of  a  Corif/thivnn  at  Honohilu.  Small  f*(|uidH  and  liflheo  were  taken 
from  the  ntomm'h  of  tht»  Hi>e<^it*H  her«»  di»«Til>e<l. 

KIHLIII)^:. 

84.  Kuhlia  male  (Cuvier  iSc  Valeneiennen). 

l^iak(»  Bay,  Hawaii:  Ilanalei  liay,  Iluleia  River.  Waimea  Hiver,  Kanai;  I^ynan  Islaiifl;  Htation 
H844,  Huutheni  e()aHt  of  Molokai. 

ATOr.OXIlh-K. 

85.  ApogomchthyB  waikiki  .Ionian  i^  Kverinann. 

Honohihi;  station  :^72,  Ix'tween  Maui  and  I^nai,  de])tli  :t2  to  4.S  fathomn;  Htation  <^7(i,  Ijetweeu 
Maui  and  Ijanai,  <lepth  28  to  4.'{  fatlioms.  In  8  siKH-imenn,  nieanuring  45  to  55  nun.,  the  depth  of  body 
in  e(mtaine«l  *2.5  times  \i\  length.     I>.  vii-i,  U;  A.  ii,  8. 

86.  Fowleria  brachygramma  .lenkinn. 

Honolulu;  ntationn  :{847  an<1  .'^849,  H)uthern  cttast  nf  Molokai;  ntationn  :M72,  :{873,  :M75,  3876, 
l)etween  Maui  and  Uuiai;  in  2.S  tc»  7:\  fathonin. 

Color  in  life,  bright  earniine,  jKiIe  pink  on  thnuit  and  lH>lly,  nnout  lightcT  and  HuffuseiT  with 
yellow;  banal  half  of  <'audal  HuffuH'd  with  ])raxHy;  Imne  of  dorsal  yellowish,  othem'ise  the  finH  are  of 
same  color  as  the  ImmIv. 

• 

87.  Apogon  maculiferuB  <  iarrett. 

Station  8875,  WtwetMi  Maui  and  Umai,  depth  :>4  to  fio  fathi»nis. 

88.  Apogon  snyderi  .Jordan  c\:  Kvernuiim. 

Honolulu;  Hanah>i  Hay,  Kauai;  Uiysan  Island;  statiitn  .'i8:{4,  southern  roa»t  of  Molukai,  depth 
8  fathoms. 

89.  Apogon  menesemus  .lenkins. 

Honolulu;  l^iysan  Islan<l;  static »n  '.\H'A4,  soutlu-ni  coast  of  Molokai.  depth  8  fatlioms. 

90.  Apogron  erythrinua  Snyder,  new  sjwM-ies.     Plate  9.  lig.  17. 

Head,  including  o]H*n'ular  (lap,  0..'5i»  of  length;  <lepth  0.4;  dej>th  of  camlal  ]HHluneIe  0.17:  eye* 
0.87  of  head;  snout  0.21;  maxillary  0.45;  I),  vi,  i  ;  1»;  A.  ii,  8;  V.  14;  scales  in  lateral  line  26; 
iM'tween  lateral  line  and  spinous  dorsal  8;  U'twecn  lateral  line  and  ins4'rtion  of  anal  7;  between 
insertion  of  s])iiious  dors;d  and  occiput  5.  Width  of  Ixnly  at  {HM'torals  alntut  half  the  depth;  caudal 
|H*<luncle  sl(>nder.  distan<v  lM*tween  la.^t  anal  ray  and  l)as<>  of  raudal  0.82  of  length. 

Head  short,  snout  blunt  and  nMnided,  lower  jaw  intrhiihMl;  interr>rbital  s}>a(V  fiat  with  a  nli^I^t 
nie<lian  elevation,  wiilth  (Mpial  to  diameter  of  the  eye;  mouth  obli(|ne,  the  maxillary  extending  to  th«> 
j>osterior  lH)nler  «»f  eye,  theex|)anded  porti(»n  with  a  slightly  convex  j)osteri(»r  Ininler:  both  mancins  of 
preoi)en'le  weakly  serrated;  teeth  on  jaws,  vomer,  an<l  palatines,  the  latter  c«»vering a  Rmall  anterior  area 
of  Iwiuv;  gillrakerson  verticid  limb  of  areh  mere  papilla*  ex<vpt  a  long  slender  one  at  the  an>;le;  those 
on  horizontal  lind)  long  and  slender  near  the  angle,  gnidually  retiuceil  in  length  to  near  middle  of  limb, 
where  they  are  short  an<l  rudimentary;  scab»s  weakly  ctenoid;  chtn^ks  and  oj)en*le«  with  8cali*e;  first 
dorsal  s])ine  short  and  w<>ak;  se<'ond  very  strong,  its  length  iM{ual  t^)  O.H  of  hea<l,  when  depressed 
reaching  Imsi' of  stM'ond  dorsal  ray;  remaining  s))ines  graduated  in  length  to  the  last,  which  ia  about 
0.8  length  of  He<Hm<l;  spine  of  soft  ilorsal  very  slemler,  iNpial  in  length  to  fourth  spine  t>f  flrHt  dorsal; 
longest  rays  0.t)5  if  head.  Anal  rays  aUmt  equal  in  length  to  those  of  don<al.  Caudal  0.3  of  the 
length;  its  margin  with  a  deep  n<»tch.     Pectorals  0.22  of  the  ItMigth,  ventrals  0.22. 

Color  reddish  onmge,  scales  e<lgei I  with  a  narrow  band  of  a  s(>mewhat  dt»ej>er  hue;  occiput  aud  a 
s|H)t  on  ojM'H'Ie  dusky;  a  small  black  s|N)t  at  oriirin  of  spinous  dorsal;  minute  dark  s]>eekH  on  naf-te, 
along  Imse  of  <lorsjds,  at  b;ise  of  rauilal,  on  bn>iist  and  on  o{H'n'les;  tlits  immaculate. 

Distingtiished  from  the  other  Hawaiian  siK*cies  by  the  bright  reddish  coh)r,  the  alwenee  of  larjjse 
siM)t«  or  bars  on  the  UmIv  and  tins,  and  by  having  the  .<i>cond  dorsid  spine  largest. 

Type,  No.  50S7rt.  V.  S.  Nat.  Mus..  Ptiako  Kay,  Hawaii.  I^'Ugth  O.JW  mm.  Other  speciuiens, 
among  which  are  cotyjK^s,  N<».  77i>;i,  L.  S.  Jr.  Cniv.  Mus.,  are  from  Honolulu,  Ilanalei  Bay,  Kauai, 
I^iysan  Island. 
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SERRAX1D.E. 

91.  Pikea  aurora  Jonlan  <&  Kverinanii.     Honolulu. 

92.  Epinephelus  quemus  Si>ale.     Honolulu. 

93.  AtitViiRit  fuscipinxiis  Jenkin>>.     Honolulu. 

PKIACANTHH)/H. 

94.  Priacanthus  alalaua  .Ionian  i^' Kvermann.     Honolulu;  l^ynan  InlaDii 

LIT1AXID.€. 

95.  Aphareus  flavivultus  Jenkins.     Honolulu. 

96.  PlatyiniuB  microdon  (SU'in<lachner).     Honolulu. 

97.  Apsilus  brighami  (Sealo).     H<»noltilu. 

98.  Aprion  virescens  C'uvier  iV  Valenciennw?.     Honolulu. 

99.  Etelis  evurus  Jordan  c*^  Kverinann.     Honolulu. 

One  8i>ecinien  70  cm.  long,  uieasun»<l  to  ba^e  of  t^udal.     I'piHjr  lobe  of  caudal  alxmt  34  cm.  long. 

SPAR  I D^. 

100.  MonotaxiB  gTandoculis  (Forpkal).     Honolulu. 

kTPHOvSlD.-E. 

101.  Kyphosiis  elegans  (I'eterv).     I^vMiu  Island. 

102.  Mulloides  auriflamma  (  Forskal  >.     Ibuiolulu. 

103.  Mulloides  flaniineus  Jordan  cV  Kvcrmann.     Puako  Hay.  Hawaii. 

104.  Mulloides  samoensis  <Tunt}ifr.     Honolulu. 

106.  Pseudupeneus  chryseredros  -  l.a<t*p*''dej.     Ibmohilu. 

106.  Pseudupeneus  porphyreus  Jenkins.     Hanalei  Bay,  Kauai;  Hr>nolulii. 

107.  Pseudupeneus  multifasciatus  i  (juoy  iV  <Taimanl).     I^uako  iUy,  Hawaii;  Ijaysan. 

108.  Pseudupeneus  pleiirostigma  (Bennett-.     Honolulu. 

109.  TTpeneus  arge  Jordan  6i.  Kvermann.     Honolulu. 

CIRRH1TH).€. 

110.  Paracirrhites  forsteri  (  Bloi'h  tN:  S«'hnei<ler) .     Honolulu. 

111.  Paracirrhites  cinctus  Miunther).     Honolulu. 

112.  Paracirrhites  arcatus  (Cuvier  »fe  Valencienner').     Honolulu. 

113.  Cirrhitus  marmoratus  (La(vpe<Je).     Honolulu;  Puako  Bay,  Hawaii. 

POMACEXTRID.€. 

114.  Dascyllus  albisella  (iill.     Honolulu;  station  ^-(^)f>S,  French  Frigate  Shoaln. 

115.  PomacentruB  jenkinsi  Jonlan  i^  Kvennann.     Honolulu;    Waialua  Bay,  Oahu;   Napili   Bay, 

Molokai;  Hanalei  liay,  Kauai;  Puako  liay,  Hawaii;  ]..ayHau  Island;  station  .*>HX1,  l»etween 
Maui  and  Molokai. 

116.  Glyphisodon  abdominalis  Cuvier  <^  Valenciennes.      Honolulu;  Hilo;  Hanalei  Bay,  Kauai; 

Puako  Bay,  Hawaii;  Laysan  Island;  station  3834,  southern  coa.««t  of  Molokai,  8  fathoms. 

117.  Glyphisodon  sordidus  (Forpk^l. )     Honolulu;   Puako   Bay,   Hawaii;   Napili   Bay,   Molokai; 

Xecker  Island;  Laysaii  Island. 
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lABRII)^.. 

118.  Lepidaplois  bilunulatuB  ( T^ v]x*<le) .     Iloiinluhi. 

119.  Anampses  cuvier  (jiiny  iSc  (iaiiiianl.     Ilonoliihi. 

120.  Anampses  evermanni  .l(*nkiiiH.     Ilnrniliilii. 

121.  Stethojulis  axillaris  (<2ii«>y  i*(:  (laiinanl). 

Ili>n<)liiln;  1*iiako  l^y,  Hawaii;  llilo;  off  southtTii  nuiHt  of  Molokai  At  MatloiiR  ?tR29,  depth  20 
fathniiis:  Ss:m,  (K'i»t!i  s  fathnIll^4:  .'>s:i7.  ilopth  1.'»  fathoms.  Indiviilmils  uf  thititipcdeH  were  frequently 
attrartt»<l  by  an  cUM'trir  \\\iU\  hiiii^  jnst  1h»1o\v  \ho  surfaa*  of  thv  water. 

122.  Stethojulis  albovittata  (  Kolri'iitcr).     IIodoIuIu. 

123.  HalichGBres  ornatissimus  Miarrctt).     Uoiioliilii. 

TIu' sptM'jj's  (IrstM'ilHMl  l»y  Dr.  Jenkins  as  /luilrhnrfM  irlffr)U'nm(]\\\\\.  V.  ^.  V.  C.  1809,  p.  47)  ip  no 
<l()n1)t  identical  with  this.  The  anal  lias  :>  spint's,  12  rays,  (iarr.'tt,  having  probably  uiiHtakeii  a  t^pine 
for  a  ray,  jrivt»s  2  spini's,  i;j  niys. 

124.  Pseudojulis  cerasiiia  Snyder,  new  s|K'<'i<>H. 

Ileail,  nn'asunMl  to  end  uf  opereular  flap,  (K.'iL*  of  len^h  to  liase  of  candal;  depTli  0.2;i;  depth  of 
candal  jH'dnrn'le  i).12.');  Ien;rth  nf  snont  0.:{r>  <if  heatl:  eye  (K2;  interorhital  s|»suv  0. 1?);  I>.  ix,  II;  A. 
Ill,  12:  |M)res  in  lateral  line  2S:  wales  in  lateral  series  2^;  U^tween  latend  dine  and  ilorssil  fin  1* 
lH't\\iM>n  lateral  line  anil  anal  7.  I(«Hly  imtahly  Inn^  and  slender,  head  ei»iu<*:il,  snout  jwhiiUhI:  ntfiiith 
vory  small,  tlie  <'left  smaller  than  eye;  2  eanine<  in  eaeh  jaw,  the  upiHT  |uiir  wide  a^iart,  ullowin^  the 
low(>r  OIK'S  to  tit  iH'tween  them:  <'anines  hnt  little  ImipM*  than  the  other  tt^'th,  whii'li  ^n>\v  >;rafhial1v 
small«*r  pusti-rinrly;  n«»  pnsteriur  ranines;  preu|KTrIe  not  si*rrat<»«l.  Iltwl  nakifl;  sealinj  of  hrttuit 
smaller  than  tho>«>  t>i  Uid\ ;  latcntl  line  ahrnptly  U*nt  di>wnward  h.*low  ninth  dorsal  my:  dtirKil  low 
th(^  lonirest.  eighth,  spine  eipial  in  length  t<>  >nont.  th  '  rays  ahont  a  tenth  lon^*r;  long's!  anal  mv  0.^)2 
of  head;  <pini'S  slender,  the  thinl  with  a  short  entaneons  lilanient.  Caudal  sli]k;htly  nuuideil,  O.lvi  of 
l<Mi^li  of  heail:  }H><'tiii'al  <).  is  nf  lu>ad:  ventral  pninted.  ().•')  of  head. 

Color  in  spirits  <  )»erhai>s  somewhat  similar  in  life),  head  palo  onui^\  np|HT}iart  of  o|H*n*h»  with  a 
purple  tint,  the  lower  ]»art  >ilvery:  na|M«  purple;  a  narrow  d<»rsid  aii'a,  n»<ldisli  onin)^  fading  vent  mil  y 
to  lij^ht  or.in^e;  a  rather  inilefinitely  outlined,  hroad,  pinkish  .*'tri]K*  fn)!!)  oiH'n>le  to  Itat^  of  raudal* 
lower  part  of  hoily  li^ht  oramrc:  a  nHIdi^ih  oranire  spot  somewhat  smaller  ttian  the  pupil  at  lower  (hI)^  of 
has«'  »»f  iM'<'toral;  eaeh  seale  row  with  a  narrow  line  (»f  a  darker  sliade  than  tluM'olor  an^a  tin  whioh  it 
oecnrs.     Kins  onin^r**,  the  spimMis  di»rsal  suffu'-ed  with  red;  seah^l  portion  of  caudal  nsldish  oninire. 

One  siMM'imen,  the  type  measuring:  S7  mm.  lonjr,  was  collects  I  at  lloiiuluhi  by  Mr.  Benidt^  No- 
r>Os77,  r.  S.  Nat.  Mus. 

125.  Julia  pulchorrima  (ill nt her.     Honolulu. 

126.  Julia  eydouxi  Cuvier  iV  Valenriennes.     Honolulu. 

127.  Julia  flavovittata  r>ennett.     Laysan  Island. 

Only  ones]K'cim«'n:  l(*ni:th  4t)  mm.  Ileail,  measunMl  toeiid  of  o|N'n'nlar  Hap.  .S.12iTi  len^^h;  depth 
4;  snout  .'».."»  in  liea<l:  eye  -l.r>;  I>.  ix,  12;  \.  iii.  12:  scak's  in  lateral  series  8S;  alxtve  lat^jtral  line  7* 
In'tween  latend  line  and  insertion  of  anal  27. 

Color  in  alcohol  white  with  Mack  longitudinal  .<tri)M*s.  A  hla<'k  stri|H>,  poiiit<Hl  anteriorlv,  broken 
and  irre;:nlar  jioi^ieriorly.  exti-nds  froiu  mid<lle  of  siioui  to  <Mid  of  dorsiil:  a  strond  runs  from  tip  of 
snout,  through  eye  t<»  l»ase  of  '-audal,  where  it  is  conm*cttMl  with  tlu'  one  on  op|H)site  Hide  bv  a  liand 
passin}i  over  the  «'audal  peduncle;  a  third  exti'ml.- from  li»wer  jaw  over  luisiMjf  |Hvtoral  to  Iwue  of 
caudal:  a  fourth  pass^'s  from  throat  to  end  of  anal:  breast  and  U>lly  tlusky;  dorsal  bhu*k,  cdgeil  with 
white,  a  few  white  lili>tchfS  alou^  middli*  of  tin:  camlal  white  at  ]n\m}  and  on  mannn,  middle  of  fin 
with  a  hhu'k  lunate  Kind;  anal  Mack,  honlennl  with  white;  |H*cti»ndh!  white;  vciitraU}  auaky  at  iMine* 
a  jMisterior  canine  tooth  is  pn-sent. 

128.  Hemicoria  ballieui  I  Vaillant  iV;  Sauva^re  I.     Honolulu. 

129.  Hemicoria  roaea  i  Vaillant  cV  Sauvau'v).     Honohdu. 

130.  Hemicoria  venuata  i  N'aillant  iV  Sauvau'ci.     Honolulu. 

131.  Cheilio  inermia  I  Korskal ).     Honolulu. 

132.  Thalassoma  purpureum  (  Korsk;il ..     IIihjoIuIu. 

133.  Thalasaoma  quadricolor  ( Lesson  j .     Honolulu. 
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134.  Thalassoma  duperrey  ((^uoy  <&  GainianJ). 

Honolulu;  Puako  Hay,  Hawaii;  ntation  3H81,  lietwtvn  Maui  and  Molokai;  lAVHan  Island. 

The  younj!  have  a  hlai'k  stripe,  aliout  a^  wide  as  the  eye,  extending  from  the  snout  to  the  upi^er 
half  of  the  l)ase  t>f  caudal,  where  its  en<l  is  slightly  hroadened  and  rounde<l.  Below  and  ])arallel 
with  the  dark  strijK?  is  a  pinkish  white  one  of  al^out  er^ual  width.  Some  specimens  have  a  narrow, 
short,  imlistinct,  <lusky  strii)e  below  the  latter.  With  increasing  age  the  stri])es  l>econie  indistinct 
an<l  disai)pear,  the  general  i'olor  grows  darker,  while  the  broad,  light  band  l)ehind  the  head  api^ears. 
The  cau<lal  is  at  first  rounded,  later  l)e<"oming  concave,  the  upper  an<l  lower  rays  l)eing  much  produced 
in  the  adult.     The  colors  here  note<l  are  oi  alcoholic  sj)ecimens. 

135.  Thalassoxna  uxnbrostigma  (Rup{)ell ).     I^ysan  Island. 

136.  Thalassoxna  ballieui  (Vaillant  ik  Sauvage).     Honolulu:  l^ysan  Island. 

137.  GoxnpliOBus  variiis  Lacepede.     Honolulu. 

138.  Gompliosus  tricolor  Quoy  <fe  Gaimard.     Honolulu;  Puako  Bay,  Hawaii. 

139.  Cirrhilabnis  jordani  Snyder,  new  s{>ecies.     Plate  10,  fig.  18. 

Heat)  measure<l  to  end  of  opercular  flap  0.36  of  length;  depth  0.29;  depth  of  caudal  pe<luncle0.14; 
length  of  snout  0.32  of  head;  eye  0.2o;  interorbital  8|>ace  0.23;  1).  xi,  S;  A.  iii,  8;  scales  in  lateral  line 
16-t-8;  between  lateral  line  and  dorsal  1;  l)etween  lateral  line  and  anterior  j»art  of  anal  5. 

Snout  pointe<l;  cleft  of  mrmth  e<|uals  0.60  <liameter  of  eye;  6  rather  widely  S|)ace<l  canines  in  upper 
jaw;  inner  pair  projecting  forward;  the  others,  of  which  the  outer  i>air  are  much  the  longer,  curve  out- 
wanl  and  backwarti;  2  small  canines  in  lower  jaw;  no  i>osterior  canines;  other  teeth  verj- small,  sharp, 
and  cloeely  appose<l;  preoj)ercle  with  a  finely  serrated  margin.  Cheeks  and  opeR'les  with  scales;  \)aaea 
of  dorsal  an<l  anal,  each  with  a  row  of  long,  iH>inte<l  scales;  3  large  scales  covering  the  greater  jiart  of 
basal  half  of  caudal.  Dorsal  and  anal  tins  high.  Dorsal  spines  slemler,  the  longest  (|K>sterior  ones) 
e<iual  in  length  to  twice  diameter  of  eye,  (*ach  with  a  fleshy,  spine-like  pn>longation,  a  continuation 
of  the  thickene<l  membrane  surrounding  the  spine,  extending  upward  an«l  Iwckward  and  acting  as  a 
support  for  the  mend>rane  which  exten<ls  alM)ve  spines.  First  ray  inpial  in  height  to  preceding  spine 
and  it*«  thickene<l  attachment,  tlie  following  rays  gra<hially  growing  shorter.  Anal  spines  with  thick- 
ened membranous  attachments  similar  to  those  of  dorsal,  the  rays  longer  than  the  spines,  their  length 
containe<i  alx>ut  1.5  times  in  head;  caudal  roundtnl;  ventrals  sharply  pointe<l,  not  greatly  elongated, 
reaching  to  vent  when  depresse<l;  uj»jK*r  rays  of  j>ectoral  lonitrest. 

Color  in  spirits  i)lain,  a  few  small,  white  spots  1h.'1<)W  base  of  dorsal. 

Flesh  color  in  alcohol,  [>robably  rc<l  in  life;  a  pale  purple  strij>e  indistinctly  outline<l  extends 
along  Ixxiy  l>etween  base  of  dorsal  an<l  lateral  line;  a  few  small  white  spots  s<'attere<l  along  the  l»ack 
above  lateral  line;  three  <listinct,  narrow,  light  strii>cs  along  si«le  of  alKlomen.  Fins  plain,  probably 
yellow  in  life;  anal  with  a  narrow  dusky  band  on  margin. 

Tlie  si>ecimen  <U*scril>ed  is  a  male,  type.  No.  50878,  W  S.  Nat.  Mus.,  from  station  3876,  l>etween 
Maui  and  Lanai;  depth  28  to  43  fathoms. 

Other  examples,  females  from  the  same  locality,  among  them  cotypes  No.  7728,  ichthyoU)gical 
collections  Stanford  University,  have  tbe  spinous  <lorsal  l<>wer  than  tlie  raye«l  i>ortion  of  the  fin.  The 
thickened  jKjrtions  of  the  membrane  are  less  developed.     The  anal  has  m*  dusky  lx)nler. 

Named  for  Dr.  Davi<l  Starr  Jordan. 

The  following  measurements  of  the  ty|K»  and  cotyi)es  are  given  in  hun<ire<lths  of  the  length: 


I    LeofTth  from  tip  of  raont  to  ba.«»e  of  caudal,  in  millimeton) 

1    Lennrth  of  hi'acf,  includiiiK  o|H*itMilar  flap 

Length  of  longest  (11th)  dorsal  spine 

Length  of  longest  (Ist)  dorsal  ray 

Length  of  longest  (3d)  anal  spine 

I>ength  of  longest  (4th)  anal  ray 

Length  of  caudal  fin 

Length  of  pectoral  fin 

Length  of  ventral  fin 

Number  r»f  dorsal  rays 

Number  of  anal  rays 

Number  of  s«c'ales  in  lateral  line 

This  sptKjies  l>elong8  with  ('h^ilinoid^'s  BkH*kt»r,  a  .'■iection  of  the  genas  CirrhilcJirun^  having  short 
ventrals. 
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itiiiltNl  ill  tlie  tcfiiiui,  iH  tviuarkalily  niod- 
tiliHki)  t<i  fiinii  lwi>  ]>'iiH-like  ntnintiiree. 
aw  tliiiJu'iicl  Hrvaw  wliich  miperficMlly 
it  !•[  ciilnuifu  iif  th*>  o|>ttc  iiwre. 


140.  PsaudoclLeilitLua  evauidu*  Junloii  Jk  Kvi'rinaiiii. 
Statiuii8  'SUT'A.  depth  :t2  fathoiuK.  mid  3M7K,  d>-ptli  •2t^  |i>  4."  f»lli<iiiii',  liftwtvii  ^[aui  a: 

d('pt}i  tHt  to  TH  fatliuiiifl,  poutheni  <-oat<l  of  <')hIiii. 

Tlie  «yc  of  this  i<[iecie8,  and  prolmlilyof  all  thcoiluT!!"  im 
Utvi.  Tho  roniw  w  greatly  tliiikeiiwl,  the  tijwiii-  lieinn  differ.' 
The  i rig  and  IfOH  sliow  no  ununuai  ehurx-U'rii.  The  n-tioii  I; 
appear  aij  foUla  extendiii)!  fom'ard  and  Inu-kwanl  from  tlie  {xjii 

141.  Paeudocheilinua  octotmiiia  JeukiiiH.     Honolulu. 
143.   Cheilinua  Iiexagon&tuB  Gi'inther. 

Honoliihi;  Htalioii  ;)H34,  in  M  fathr>iiiii,  <iff  tlie  suiitlieni  roaxt  <if  Mulokai. 

The  example  fmni  Molokai  in  20S  imn.  in  leiif.^li.  C'clor  in  life:  Head  uii  upiier  jMit  and  on 
Miont  and  maxillary  liright  olive;  ehin.  throat,  and  under  i>artt<  of  litnil  tilue  tcrven,  vhailin);  to  olive 
along  a  horixniital  line  extendini;  l>a(rkwar(l  from  mouth,  finally  lieconiinic  bniMtyreil  on  cheeks;  Hidea 
of  heail  with  orani^red  linett  radiatiii);  from  eye,  fading  to  nrantce  on  miliopeivle;  iKidy  orange  re<t 
ti»>liiw  and  on  lower  half  of  fiilcH,  HhadhiK  into  greenbh  Miie  on  liack,  each  scale  with  a  dark,  brick 
red,  Bcmilunar  mark;  eau'lal  i)«iiinely  yellowifh  olive,  an  imliHtinet  pale  band  i^roMing  it  at  end  of 
■lorMl  and  anal;  dcirval  jtrcenitih  oli\-e  w  ilh  two  lonKitmlinal  i>ranf(i>  liandii,  which  broaden  and  become 
iliffui<e  jKiHterioHy ;  jiectoral  jAle  orange  on  liaM>.  Iwi'oniinglitui-  towanl  th(^  lip;  veutrals  reddieh,  with 
a  wide,  brown  enHvliaiiil;  anal  bright  <irange  nil,  each  ray  diiitky;  ravH  of  candul  greenish  olive  with 
re<ldiH)i  tipH,  the  membrane  jiale  urange. 

143.  Cheilinua  bimaculatua  Cuvier  A  ValeneJenncii.     llounlnhi. 

144.  IToyaculiclithye  tnniurua  ( ljuv|iiile).     Honoluiii. 

145.  Noraculichthys  k&Uoaoma  { ItU-eki'r). 

A  Nn);lc  Hin-ciuieii,  1 14  mni.  limit,  whs  obluiiieil  at  Hunoliihi.     It  liui'  Iwvn  <'omi>ared  with  a  Hiieci- 
men  of  this  Hpei'im  reivntly  reeeivi'il  byWtanf.ir.!   ['niverHily  fnim  the  if  land  of  NegroH,  Philippine 
I>>)a[idi>  (I'oll.  Ilr.  liHfhfrird  IH-an),  and  they  are  fonmt  In  agm-  (ifrfm'tly. 
I4fl.  Hemipteronotua  Jenkinai  Snyder,  iiew  Npifiew.     I'late  H>,  lig.  111. 

Head,  iixUiding  ojn-retilar  flap,  (1.28  uf  th>'  Iciiglh  mea^nreil  tii  bane  of  i-uiidal;  depth  0.3((;  depth 
of  ivudat  pedunde  »,+4  of  head;  eyi'0. 17;  widlh  of  interorbital  i-jiaci'  0.-*;  length  of  maxillary  0.^; 
n.  IX,  12;  A.  HI,  12;  lateral  line  22   i   H. 

Kye  liK-aleil  B.iHf  timet-  itxiliameteralHue  angle  of  nmnlh;  moiilh  nearly  horixontal,  on  a  level 
with  upi>er  eilge  of  bai^  of  (lectoral,  the  maxillary  exti-iiditig  ti>  a  vertical  lltmugh  anterior  e«lge  of 
orbit;  lower  jaw  Hlightly  longer  than  ii]i|ier;  li[is  with  rather  thin,  fleshy  folib<.  (hiler  row  of  teeth 
i<trung,  conical;  thun;  on  miU-n  of  jawH  )>oi'terior  to  <'anine:<  grailually  ilecreaiiing  in  riu:  from  before 
liackward;  caniHef  curving  oiitwanl  and  forwHril,  the  lower  |Mir,  which  are  slightly  the  larger,  fitting 
lietween  th«  upper  ('ncH;  inner  l.vth  wliort  and  liliint,  in  iiarrow  liandB.  TVeudobranchiic  present; 
gillraken"  iin  the  first  an>li  Kill,  short  and  sharply  i^iint.'-l.     I'ilg.'  of  prec.percae  Miiooth. 

Heail  naked,  exi-ejit  for  a  narmw,  vertii-al,  waliil  urea  extenclinu:  downward  from  eye  to  a  hori- 
zontal jiaasing  along  eiige  nf  flap  of  uppT  lip;  (irst  mw  with  "  whU-h,  curving  up warii  behind  eye; 
soiuind  mw  with  H,  the  third  with  4  wales.  .<i-ales  uf  breast  atmil  half  aa  lai^  as  IhoHe  on  aides  of 
b<Kly;  27  series  of  scales  between  upiH-r  olge  of  gill-oiieiiiiig  and  caudal  fin;  II  in  i^-ries  between  insei^ 
lion  of  anal  and  lateral  line,  'i  b«^tween  dorsal  and  talcrnl  line:  lateral  line  curving  upward  over  finit  6 
scales,  then  foltowiiig  llic  dorsal  contour,  approuching  the  liack  near  end  of  dorsal,  discontinued  after 
tweiity-n><Ton<l  scale,  ticgtnning  again  on  third  scale  lielowanil  iiassing  along  middle  of  lauilal  pedunt;lo. 
First  two  dorsal  spines  somewhat  clowr  together  than  others,  but  not  si'jiamteil  fn)m  them,  the  metn- 
lirane  lieing  continue lus;  hei^dit  of  lircl  spine  0.:!tl  of  length  of  bead;  the  second  tihorter;  Kmaining 
spines  ei|ual  in  height  to  0.25  ..f  length  ••(  head;  height  of  rays  tt.Ki;  enil  of  soft  dorsal  when  deprewed 
juHt  n-acbing  liase  of  caudal  fiu.  Anal  spini'S  snjall  hn<1  slender,  the  rays  ei|iial  in  height  to  thoee  of 
the  dorsal;  base  of  anal  and  also  theli|i("of  the  ™ys  wlicndepn->4H.'<l  extending  farther  posteriorly  than 
corre»|ninding  [Birts  of  dorwil.  Omdal  n.nndiil,  the  Imsiil  fourth  wilh  scales,  the  length  0.65  of  tbe 
head:  |>.'ctor.d  0.'i6  of  the  head:  nuler  niys  of  vcnlml  lilameutons.  just  reaching  vent. 

fiiliir  in  sjiirils,  head  jilain.  without  sisrts,  liars,  or  lines;  a  ironHpicuims  black  sjnit  on  liack  tovor- 
ing  2  Hcales  alxive  sixtii'nth  in  hilenil  line,  its  ilistani-e  Is-hind  Ihe  opercular  flap  e<|ual  to  distance 
lN-l»-een  that  )ioint  and  tip  of  snout:  a  yellowish  white  spot  on  r^ide  of  iHsly,  rather  indistinctly  ont- 
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lined,  covering  an  area  v<n\a}  tr>  wi<lth  of  5  Hmlen  and  height  of  3  c)r  4,  the  8|M)t  partly  (i>vere<l  })y 
pectoral  when  depre»««Hl;  ntales  of  Ujily,  except  on  brea-st,  l)elly,  and  part  covere<l  by  the  lar^  hght 
spot,  each  with  a  wrtical  i^early  l>ar  which  grows  wider  on  the  ventral  ecalen,  covering  over  half  the 
scale  in  region  al)ove  base  of  anal;  H)ft  dorsal  and  anal  with  oblique  dark  liars,  those  of  the  anal  not  so 
broad  as  those  of  dorsal;  caudal,  iHH'torals,  and  ventrals  plain. 

I>es<'ril)e<l  from  a  single  spe<'iinen  25  cm.  long.  Ty|)e,  No.  50S7V),  V.  S.  Nat.  Mus.,  from  Puako  Bay, 
Hawaii.  The  species  may  readily  l)e  distinguishe<l  from  other  <'losely  relate<l  Hawaiian  forms  by  the 
great  depth  of  the  ImmIv  and  by  the  small  dark  spot,  the  |>osterior  hx-ation  of  which  is  notable. 

Name<l  for  Dr.  Oliver  Pt»ebles  Jenkins. 

147.  Iniistius  pavoninus  (Cuvier  <Jt  Valenciennes).     H<molulu;  Puako  Bay,  Hawaii. 

An  individual  measuring  H>o  mm.  represents  the  bright  juvenile  color  phase  described  by  Dr. 
Jenkins  as  IniiMninffu  otzonuj*."  Two  <lark  lines  pass  over  the  interorbital  space  connecting  the  eyes, 
and  2  similar  lines  pass  fnmi  the  eye  downward  to  lower  |>art  of  oi)erc'le;  a  few  small  spots  on  nape 
and  opercle  liehind  eye;  corresponding  with  the  rows  of  scales,  the  Ixxly  has  longitudinal  rows  of 
small  spots,  darker  an<l  more  distinct  on  crossban<ls;  first  dorsal  spine  with  narrow  black  bars;  first 
spot  on  dorsal  ver>'  distinct,  se<*ond  an<l  third  fK'ellated;  ventrals  almost  bla<'k,  anal  ver>'  dark  below 
each  vertical  l>and  of  the  lK>dy;  caudal  black  at  base.  With  increasing  age,  the  lines  of  the  head,  the 
small  spots  of  head  and  Ixnly,  the  liars  of  first  dorsal  spine,  and  the  siiots  of  dorsal  fin,  all  or  in  part 
disappear;  the  dark  bands  of  the  bo<ly  and  fins  grow  less  eonsjncuous.  The  blai'k  st-ale  below  spinous 
dorsal  alwavs  remains  distinct. 

148.  Cymolutes  lecluse  (Quoy  <&  (iaimanl).     Honolulu. 

SCARIDA. 

149.  ScaruB  ahula  Jenkins.     Honolulu. 

150.  Scams  paluca  Jenkins.     Honolulu. 

151.  Scams  perspicillatus  Steindachner.     I^iakn  liay,  HawaiL 

CH.4:TODONTID.4':. 

152.  Forcipig^r  longrirostris  (  Hroussonet  i.     Honolulu. 
163.  ChsBtodon  xnulticinctus  <Tarn>tt.     Ibaioliiju. 

154.  ChsBtodon  setifer  Bl<K-h.     Honolulu. 

155.  ChsBtodon  omatissimus  Silander.     Honolulu. 

156.  Cli8Btodon  miliaris  (juoy  c<:  <Tainiard.     Honolnlu;   Hanal«'i  I>ay.  Kauai:  I^ysan  Island. 

157.  CliSBtodon  lineolatiis  ('uvierc<:  Valen<*ienn«*s.     Honnjulu. 

158.  Cliaetodon  fremblii  K<»nnett.     Honolulu:  I^ysan  Island. 

150.   ChsBtodon  lunula  i  I.a<*ejHMle).     Honolulu;  Waialua  Bay,  <  hihu;  Hilo:  Puako  Bay,  Hawaii. 

160.  Ch.8Btodon  unimaculatus  Bloch.     Honolulu. 

161.  Ch.8Btodon  quadrimaculatus  Gray.     Honoluhi. 

162.  ChsBtodon  corallicola  Snvder,  new  si>e<*ies.     Plate  11,  fig.  20. 

Head,  measure<l  to  t^lge  of  opiTcle,  0.32  of  length  to  l>ase  of  caudal  fin;  depth  O.H;  d(>ptii  of  caudal 
pe<luncle  0.32  of  head;  ey*^  0.42;  snout  0..S1;  interorbital  sjjace  0.82.  1).  xiii,  21;  A.  iii,  18;  stales 
4-30-12.  Anterior  profile  l)etween  snout  and  <lorsal  almost  straight,  with  a  slight  convexity  over 
eye;  snout  short,  its  length  somewhat  less  than  diameter  of  eye;  jaws  e<|ual;  teeth  fine  and  brush- 
like; pseudobranchia*  very  large;  gillrakers  on  first  arch  5-^14,  short  an<l  pointe<l;  .scales  on  top  of 
hea<l  and  on  snr>ut  very  minute,  those  on  <'heeks,  ojx»r(.*les,  and  breast  larger;  width  <»f  scales  near 
mid<Ue  of  Inxly  al>out  e<}ual  to  diameter  of  pupil;  thost*  on  caudal  i»e<luncle  greatly  nnluced  in  size; 
rayed  jKjrtions  of  dorsal  and  anal  closely  si-ale*!,  the  Si-ale*!  area  extending  forwanl  on  spinous  portion 
of  dorsal  fin,  <lccrt*asing  in  height  from  near  tip  of  eighth  sjjine  to  base  of  first,  leaving  the  membranes  of 
the  anterior  spines  largely  nake<l;  lateral  line  curved  upward  an<l  constantly  approaching  the  back 
until  it  disapj>ears  near  end  of  dorsal  fin,  imt  extending  on  «*au<lal  i>e<luncle,  with  36  pores,  s<*ales  ver\' 
small.  Except  the  first  the  <lorsal  spines  are  high  anteriorly;  height  of  secon<l  to  sixth  equal  to  distance 
between  tip  of  snout  and  center  of  eye;  height  of  first  sjnne  about  t»qual  to  diameter  of  pupil;  length 


<>  JniiMiu*  lruco2onut  Jeiikliu).  Bull.  V.  S.  Fish  CommisKion  1900,  p.  55. 
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■if  liii^Eeiit  mviiubiiit  tiiiiul  III  tliut  of  liittKtMit  ii|iiii««;  iiii-inlirHiu'  iIm-iiI}'  iioh-heil  IwtwMn  anterini 
i<l>iiit«>,  tl)(>  Tii'trlii-H  Kiiiwitii;  (tlialliiw  pmitiTiiirly  nH  the  M-ak-N  ajiiircuu'h  eilge  of  fin;  ou'onil  aiial  f>piiu 
icitiKwt.  alxint  iKjiiul  ti>  hijclicwt  •lornal  8|iiiic:  i))r>iii1i»ii(r  lUi-iily  notclieil  Itetwecii  flnitaiid  tliinl  e[Hnt«, 
llip  latter  i-1(H«ly  coiinectiHt  with  ravHl  [Kirtioii  i>f  tin;  t<i>nK>r  ni  nnul  fin  t'xtondiug  a  little  farthei 
jKiHtfriDrly  tliau  that  of  'lorwil ;  cHiiilal  tniiiiuli-,  iipptT  rayw  HliKhtly  lon^cer  llian  lower,  0.78  of  head: 
jiuctMral  O.Ho  of  buaii;  vi'iilralw  imt  iiuiti'  niicliiD);  vpnt. 

Color  in  alcoliol,  ilnll  nilvery,  lirownipli  a1oii>;  tlii>  Inrk.  the  ilark  color  exWndiuK  dowuwanl  in 
region  of  [lectoial  fin;  PcaleHon  );>^i't<-'>'  I>»i^  "f  Ivxly  with  ilarker  ctmtorfiand  lighter  edges;  poeterioi 
1>art  of  iHidy  with  many  dark  BimtH  altuut  half  a<^  law  U8  tiupil;  hta<l  with  a  vertical  brownish-blacli 
lianil,  the  |>niiU.'riar  licintiT  of  which  jiaHM^H  fmiti  liiw^rtiun  of  don<a1  throDRli  posterior  tiorder  of  eye, 
theiioe  i-nrvinK  liockwanl  to  or^^in  of  veiitralp;  wiillli  of  Imncl  iioniewhat  Uiw  than  diameter  of  eye: 
intt'rtirbital  arm,  Miiout,  and  iipixr  li[i  dark  liniwn;  ilotval  and  anal  narrowly  bordered  with  dusky, 
rayH  ti|i|ie<l  with  white;  waled  imrtinn  t<t  dornal  with  lance  irrejriilar  dusky  t>)H)tti  Heparated  by  narrow 
iight  Hjiai^B,  which  take  the  fonti  of  a  network;  rauilal  li«ht,  broailly  l)ordered  with  dueky;  [pectoral 
plain;  ventralf  blai'kiifb  toward  the  fni'  iiiar);i[iH. 

DexcribMl  from  the  tyiM>,  No.  TidKHO,  V.  H.  Kat.  Miix.,  .Ml  mm.  loii^,  from  xlatioii  4032. 

Other  t>|iedmenci, among  which  arecotypex.  No.  T7:l2,  L.  H.  Jr.  I'liiv.  Miu.,  differ  little  from  tin 
type.     K)>e«'imenH  were  taken  uff  the  xoutlieni  coaxt  <if  <:iahu  at  xtdtion  4032,  depth  27  to  29  (athonii> 
xtHtion  40:11,  depth  27  to  :>H  fathoniH;  Htatiun  4li:t4,  depth  2H  fathome. 
168.  Hicrocantbus  striKatua  (Cuvier  &  ValencienneM) .     Himolnhi. 

164.  Heniochua  macrolepidotua  (Limi>eiiii}.    Hunoliilii. 

165.  Holac&nthiu  fisheri  Sny<ler,  new  sjieeieH.     I'lale  11,  tig.  21. 

Head,  niea^ureil  to  end  of  <i|H'r<'le,  <l.2!>  of  length  (to  tiiu>e  of  I'aiidut  liti);  dejith  0.4<j;  depth  ul 
laiulal  {leiliincle  O.I'J;  eye  ».M  of  lenidli  of  hea-l;  ^nuiit  0.4;  inlerorliital  H|)ace  0.32;  D.  xtv,  13;  A. 
17;  M'ulee  in  lateral  xerieH  I'H;  in  u  slantini;  n-riei'  from  origin  of  anal  towanl  origin  of  doraal  21. 
Suhorbital  with  H  proinineiil  Hpines  which  I'lirve  downwanl  and  liackwanl;  luweror  anterior  one  very 
Hmall,  in  mime  iqiecinieiiH  pnii-iled  hy  a  fourth  miinite  Mpine;  Ihe  iip|H'r  or  [xiMterior  two  about  equal 
in  length  to  diatnett^r  of  pnpil;  |ireo)n-rcle  with  a  !<tnin);.  slightly  i'iin'e<l  ppine  at  it()  angle,  which 
extends  to  a  vertical  thnmgh  piwterior  l)(ir.liT  ol  o|k'n-ii',  eici-huling  the  flap;  length  of  spine  0.34  ol 
head;  niargiti  of  |ireojieri'le  almve  Hjiinc  with  nliurp  deiilicnliilions;  U>low  Npine  with  2  (imall  spines, 
the  upjier  of  which  h  the  laryfr;  cipiTi'nliir  cjiinfj'  not  griove<l;  intertii>en'le  with  dentioulatinna;  teeth 
fine,  hriii<lilike,  ttilolieil,  the  laterul  IhIhi'  tiiiii'h  Hhorler  than  the  median,  all  lielng  Hliarply  pointed; 
[ii<eiidohra(ichiii'  liirw;  gillrakeni  5  ■   ]'i.  wlciider,  piiinlinl. 

Kcalei'  litrge.  n^iilar,  Hnmgly  ctenoid;  thiwc  on  ^'nout,  cliin,  »nd  interorhilul  H|>ace  nanute;  doraal, 
anal,  ami  r-«ndiil  ilenwiy  wali^l;  latenil  line  an-heil  over  the  pii'toral,  extending  along  lack  near  baw 
of  dor«tl,  cli.aapiiearing  nciir  end  of  Notl  dorm!  tin.  |)orwU  sjiimii  gniwing  gradually  longer  fw>m  the 
HiMud  to  the  Ittft;  the  firnl  half  us  long  hm  the  m-coihI;  the  laifl  <-i|ual  in  length  to  distance  I)et ween  Wp 
of  [<[iont  and  [Kwterior  IiopUt  of  eyi-:  rni'ndtraniM  of  linit  .i  spineH  not4'heil,  niondirane  between 
first  and  second  fpines  nearly  cleft  lo  liam',  the  ni>1i'lH's  gniwing  Miccessively  more  shallow  between  the 
following  fpincx;  niembninoM  lielweeii  lin<t  and  thinl  siiincc  wilhoiit  ecah-s,  the  scakNi  Brua  be^nniug 
liehind  tliini  fiiine;  (in  roundeil  iioi'teriorty,  it:'  olge  reaching  a  vertii-al  throngh  Itaee  of  caudal;  third 
anal  Bpini-  longeKl;  membraiu-i'  betwci'n  cpine;'  deeply  ch-ft,  without  scalen  except  on  a  narrow  area 
along  the  liaw;  third  spine  closely  atlache<l  to  ruyc<i  jiortion  of  fin;  |)ciwtcrior  eilge  of  flu  pointed, 
exteiiding  nearly  to  a  vertical  tlironiib  middle  of  candal;  isiire  of  l^audat  Irnncalc  or  slightly  convex; 
li|is  of  rays  without  si'hIcs.  Venlrai  sharply  iioinlLi!,  the  first  ray  ln'ing  lilamcntouH  at  tip,  extending 
lo  origin  of  anal:  pectoral  when  dcpn-sscd  cxlcnding  to  u  verticiil  tbrough  vent. 

Color  in  alcohol,  light  liniwn  with  a  yellowish  tinge;  lips,  inlerorbitui  area,  chin  and  throat 
siiniewhat  dusky;  nu-mlirjuiesniveringsnlBirbiliil  and  ript-n-uhirsphiesdark;  scales  of  Iwidy  with  rather 
indistinct  dusky  iilglngs;  a  round.  Iin>wnisii-lihii'k  s[iot  somewhat  larger  than  eye,  jiisl  above  boK  ol 
pii'toral;  dorsal  narrowly  ciigi-d  wirli  Mnck,  the  iKjriler  widening  on  jioslciior  e<lge  lo  form  a  well- 
tiiarke')  spot;  anal  niirrnuly  lH<nlereil  with  jH'iirly  while,  posterior  jsirl  of  tin  blackish;  spine  and  firat 
ray  ot  ventral  jKuirly  ivhite;  candid  with  upper  imil  lower  iMinlers  dusky,  the  lower  part  much  the 
ilarker,  the  crnlr.d  ar^a  ycllr>«-i-h:  [n'ctonds  innnaculatc. 

Color  in  life,  brijilit  r<-.ldish  orange,  inisterior  two-thinis  sutfiwil  with  dusky;  s|vit  aliove  pecto- 
ral brownish  black;  pn;ii[)errnlnr  spini'  dark  blue;  dorsd  anil  aruil  ciilonii  like  l>r)dy,  the  domal 
namiwly  edge"!  with  black.  Ihe  bla.-!;  !.|«it  on  isisterior  jiart  with  an  indistinct  Ismndary;  anal  with  a 
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broad  blackish  uiaiyin  narrowly  edge<l  with  blue  on  the  outside;  middle  of  caudal  lemon-yellow; 
pectorals  orange;  ventrals  orange  suffused  with  dusky  near  niai^ins,  spine  and  first  ray  pearly  blue. 

Different  examples  vary  8<jnie what  in  intensity  of  color.  Small  specimens  have  a  broad  lemon 
band  on  the  anal  e<lge<l  alx^ve  and  below  with  blue,  the  outer  blue  line  narrowly  edged  with  black. 

TyjK?,  No.  50881,  I'.  S.  Nat.  Mus.,  a  specimen  measuring  78  mm.;  cotype,  No.  7738,  L.  S.  Jr.  Univ. 
Mus.;  from  station  4032  off  Diamond  Head,  Oahu;  depth  27  to  29  fathoms.  Other  specimens  are 
from  station  '^847,  southern  coast  of  Molokai;  stations  3872  and  387H,  l>etween  Maui  and  Lanai;  sta- 
tions 4031,  4033,  and  4034,  southern  coa-^^t  of  Oahu,  in  14  to  43  fathoms. 

Named  for  Walter  Kenrick  Fisher. 

The  following  measurements  are  reconle<l  in  liundre<lths  of  the  length  measure<l  from  snout  to 
base  of  caudal  fin: 


station  4032. 


Lenji^h  (in  millimeters)  to  base  of  caudal  tin h6    ■      58 

Head  to  edge  of  opercle .%  .28 

Opercular  ppine 11  .r25 

Fourth  dorsal  spine 13  .126 

Seventh  doreal  rav 19  .18 

Third  anal  spine 19  .16 

Ninth  anal  ray 23  .20 

Length  of  caudal 26  .25 

Length  of  pectoral 23  .24 

Length  of  ventral  including  filament .32  .26 


Station  3876.     ' 

54 

61      ' 

44    . 

.29 

.29 

.30    , 

.11 

.105 

.10    ' 

.12 

.13 

.13 

.19 

.185 

.19    i 

.165 

.16 

.15 

.195 

.'22 

.20    i 

.23 

.235 

.26    ' 

.22 

.24 

.25 

.27 

.29 

.30 

Z.WCLID^. 

166.  Zanclus  canescens  (Linna'us).     Honolulu;  Puako  Bay,  Hawaii;  Toysan  Island. 

TElTHIDID.^i. 

167.  Teuthis  achilles  fSliaw).     Honolulu;  Puako  Bav,  Hawaii. 

168.  Teuthis  olivacexis  (Bl«K'h  i^  Si-hneider).     Honolulu;  Puako  Bay,  Hawaii. 

169.  Teuthis  umbra  Jenkin.<.     Puako  Bay,  Hawaii. 

170.  Teuthis  arg^enteus  (Quoy  tfc  (iaiinard ).     Honolulu. 

171.  Teuthis  atramentatus  Jordan  c^  Kvennanii.     I^ynan  I.»*land. 

172.  Teuthis  bipunctatus  (<  li'inthcr  I.     Puako  liay.  Hawaii;  .«tation  .'^34,  j^outhem  coast  of  Molokai, 

dej)th  S  fathoms. 

178.  Teuthis  sandvicensis  (Street.«). 

TtuthU  ik(iQns  Garman,  Deep  ^Jell  Fij»hes,  p.  7ti.  Plate  L.  t]e.  2. 

Honolulu;  Waialua  Bay.  Oahu;  HanaU'i  Bay,  Kauai;  Puako  Bay.  Hawaii;  Hilo;  Xei'ker  Island ; 
Ijivsan  Island. 

A  series  of  specimens  showing  all  stages  of  growth  from  the  larval  to  the  adult  form  was  st»cured. 
In  the  young  measuring  aVxmt  20  mm.  the  bcxly  is  |)erfectly  transparent  except  a  broad,  vertical, 
silvery  band  extending  acro.s8  the  head  and  visceral  region.  '  Anterior  edge  of  })and  passes  oblicjuely 
downward  and  })ai'kward,  just  in  front  of  orbit,  to  a  point  a  little  in  advance  of  insertion  of  anal  fins. 
The  |)osterior  U^undary  extends  fn)m  nape,  l)ehind  axil  of  pei^toral,  to  insertion  of  anal.  Between  the 
lateral  line  an«l  the  pectoral  is  a  posterior  prolongation  of  the  silvery  l)and,  about  as  large  as  eye. 
Nai>e,  interorbital  space,  an<l  a  narrow  l)and  at  ba*«e  of  caudal  <lusky;  a  row  of  dark  dots  along  base 
of  anal  and  a  dusky  sjxjt  on  tip  of  caudal.  The  dusky,  vertical  Imnds  of  adult  are  first  seen  faintly 
outlined  in  the  young  of  31  mm.  length;  in  others,  no  larger,  the  color  j>attern  of  the  adult  is  per- 
fectly develo|X»d.  In  the  young  the  snout  i.s  shorter,  anterior  profile  more  rounde<l,  and  body  deeper 
than  in  adult;  head  and  Ixnly  covere<l  with  long,  narrow,  vertically  placed,  .s<.:ale-like  plates;  first  dorsal 
spine  serrateil  on  anterior  edge.  Shortly  after  assuming  the  adult  color,  the  length  l)eing  about  32  mm., 
the  serrations  of  the  spine  di.<apj>ear  an<l  the  plati^  are  repla4-e<i  by  minute  scales. 

Teuthis  degauA  (iarman  is  the  young  of  this  s|)ecies.  Living  examples  of  the  larval  form  are 
almost  perfectly  transparent  except  the  silvery  area  and  dusky  spots,  there  l)eing  no  blue  or  reil  tints. 

174.  Teuthis  gr^ttatus  (Bloch  &  Schneider).     Puako  Bay,  Hawaii. 

175.  Zebrasoma  hypselopterum  ( Bleeker) .     Honolulu. 

176.  Scopasflavescens  (Bennett).     Honolulu;  Puako  Bay,  Hawaii. 
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177.  Oteuocliaatua  Btrigroaiu  (Bennett).     Il'muhilii. 

17S.  Actuithurufl  braviroatria  (CiiviiT  A  Vult'iKii-iiiK-H).     Iliiiiuliilii. 

179.  Acantburtu  uoicomia  t  KiirHkiil),     DuikiIuIii;  I'uukn  liay,  tUwHii. 

180.  Callicanthualituratua  (Fon-icrl.     Ilnti'iliilii:  I'liako  Itay.  Kuwuii. 

B.VLISTIIl.e 

181.  Bftliatas  vidua  S>laiiiliT.     lloiioliilu. 

182.  FacliynathuB  capiitrtitui  iShuui.     IIiiiinliilii. 

183.  FachynnthuB  buraa  i  U>v|.<'-<lt-).     Skitii.ii  4i):U.  r.ff  IliuiiMiiia  Hcwl,  Oahu;  27  to  ? 

184.  Baliatapui  aculeatua  (l.iiiiiii'iir-).     lIuiKiliitii. 

IBS.  BalUtapuarectangiiluB  ni]iK-li  A  S-hiii-iil'T)      H'molulii:  I'lMko  Ituy,  EUwaii. 

186.  Kelichtliya  radula  Solumlir.     11 hitii;  I'liakx  Hay.  Hawaii:  Ktiitii>ii.'W24,  wtuthc 

M<il<>kui.  lU-iilli  T'-2  fulhotiLx;  :iK(4,  Niitlit-rti  .••>u><l«r  .Molxkai,  <lrjitli  S  rathoiiui. 

wywcwTum.f.. 

187.  Canthwinea  aandwicheaaia  ((Jimy  .li  liiihiiiinl).     llimiiliilii:  I'iiaki>  liny,  Hawaii. 

188.  8t«phanolepia  apiloaom 


i<\i  <>(  l>.r!,pli;iiia:  NVkcr  iHlanil.  <«mMl   iiibya 
taliiiii  .|li(7.  near  llini  IhIiuiiI,  1H  m  JU  fatbumr: 


!■  ii.liir  iif  iittitT  {larts  .i(  the 
■  >f  ilonnl  ()tf|>  iiranKe  with 
I'll  uikI  jH-arly  Itliif ;  caudal 
liiL  ii|KittMl  with  black.    Im 


189.  8tephanol«pia  pricei  ^ 

U«1.10.:i:lnn.-il».'TliiJira>.ii. 


ll^iy  A  Ib-ii 

iciliilii:  xluli<in  4IM1,  I 
liinl:  Hlatiim  41-17,  unir  Itinl   IHiiixl.  Lli  fail 
Mlatiiiii  4US,  m-ar  Ilinl  li'laml,  Li!  ■•>  -.ill  fall i>>. 

t'olur  ill  Il(<':  il<-ii<l  aii.l  Ix-lly  iN-urly  liliit-  ^liaiiirm  into  liiili)  l>rawy.t: 
IxMly;  liiixl  aiKl  li-ly  witli  iim-^uiiil  r-iiilfxf  lir»Hiii>li  liliKk.  Mftiil>niii 
lin>wiii.-'li  l>U-k  .'iH.t-.,  ilic^[.iii.-  Iiliiiiili:  <l<.r^il  aii<l  anal  )>uti<l<-<t  wilii  l<-ii 
iliH-gMiraiiiii',  iiiirmnly  lH>nlt'riAluitli  li'iiuui:  aMililcrniiiial  UiikI  'if  I'lwk: 
liniwy.    Tiflli  iininvi-. 

[[•'w  •'iHN'ii-;'.     I'Inlf  12,  lit:.  22. 

Kix' nf  I'aiiilal  liii;  ili'iilli  Ix-iH-ti'ii  inwrtion  of  iliin<al  and  anal 
iiilinirliital  f^inhv  ii.:(:  xiii>iit  i).7i ;  <l<']>tli  of  i-uinlal  |if<liiiide  0.3H;  |).  ;{g;  a.  3(1. 

:^ii<iiil  nttlii'i'  [Hiiiitiil.  ii]>iHT  anil  IhHit  ■■■iiiliiiir!'  i-i>tii'avi':  t;ill-i<)it  Hiiiall  and  namiw,  itM  hoigfat 

i-ijiiat  I"  wiiltli  "f  liiiH'iif  I liinil,  tW'i-tliinUiiiatm-ti'r  ■ifi'vc:  wiitnil  Ha) i  iKibtlily  narrow,  ita  width 

ri|iiul  til  lialf  liiiiiiifliri.f  i-y.i;  ilnixil  ^jiiii-'  inwrtiNl  al»>vii  ini|iil,  its  Ii-hkIIi  final  lit  diftaniv  U-twrni 
aiij-lf  iif  iiii'iiili  "ii'l  U["|Kr  flin'  -i  i.'ill-i>pii(iiiij!.  riiiilii(i>;  Ilii-  inm-rli'iii  ••{  ilon^l  liii  when  ilepivaKil; 
ttitli  <<  latiTiil  iiiini'x  wlii<'li  iimjii't  lii'U'tiu'iinl  aii-1  xli^.'lilly  liarkuanl:  :U>r  4  niiian  t;rsniilfH  it)  a  row 
li.||..«  iIh-  KiiiiivH;  aiilcri.ir  jiart  ••!  ff.iw  u  illi  (irukliH  »  hii  li  iH>int  uiiuanl;  Icukctli  >rf  1mm-  of  doraal 
alxinl  isjiuil  Ii>  IrnfTlh  nf  lii'iiil;  lit'i'.'lit  i>f  li[i  I'lfnal  tn  iliattiHiTof  cyi':  li-nt.'lli  of  Ihm- of  aiuil  equal  t<> 
ilii<Ian<-('  1n-Iwii-ii  li[>  uf  snout  ami  iKistirinriilp' uf  •uliit;  ti<-i);l>1  ihjuhI  to  that  of  dorxuli  rayf  ufdun*! 
mill  aiiiil  rmik'h  i.ti  l«t-al  liatvi-s;  I'umlal  roninl.  llii'  alli-rriati>  niyi"  wilh  Mrunj!  iiricklfd;  k>n^h  of  fin 
I'ljuat  to  l.-iiirlli  of  XII..UI;  It'uctli  u(  [urinriil  i-.|iinl  tu  iwiii'  Iliv  I.'ii^li  of  Kill-Mlit;  vt-ntnil  Hpiue  large, 
li'iilllh  of  iii.ival'li-  iiarl  alMiiil  ciiial  to  liiiulli  cit  uill  o|«-iii[if;.  til.-  Mi-n  with  law  Bpikew  whifti  prxiJM-t 
liuikwanl.  l!-"iy  ami  IkmiI  i-vinly  lovir.-.!  witli  [iriiklii',  thus-  uf  Ilii-  doraai  JiBHn  Hlightly  ooanm 
than  Ihc'  olhiTc:  ii"  .■iiliiiwi  cjiim-n ■aiulal  y"-.! iv. 

I'lilur  h'ilvcrv.  ilii-<ky  aluni;  ti'|i  of  lii-ail  and  lunk:  nu-nilinini'  »(  ihtnw.1  n|>liiu  hhip-blac-k;  3  innidl. 
mnnil,  <lnrk  s[ii>t~  iti  a  line  cxtt'inlitii;  njiuanl  fnmi  Inihi-  >if  ]H.i;tcira1:  ihirk  cIoiicIh niinvwhat  lai^^rthan 
thi>  I  v.-  .-xli-mlidu  .lowiiwani  at  iii-crtioii  -it  lion-jil.  (mni  iM»;(iTi.ir  lialf  of  donul,  and  on  the  raudal 
[Kiliitit'lf:  a  Htiiilar  i-lcunl  cxli-mihiu  iiimai-il  from  |i>i!i|t<rior  half  uf  Ikim-  of  anal. 

(lncH|H'iiiiiiii. <ri  iiiiii.  UiH^.  >iaii<iri  4ii2l,  viiiiiity  of  Kaiiai,  lU-iith  2W>  to  :^  fathoma.  Type,  N'a 
.■■.i)S,s2.  r.  S.  Nat.  >lii.-. 


Ti;TH.\iH)0\TII).+:. 


190.  Tetraodon  hiepidua  l.ii 


il  had  Ui-n  carrinl  by  a  bird. 
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TROPIDICHTHYID^. 

101.  Tropidichthys  jactator  Jenkinp.     Honolulu;  I^ysan  I/land. 

Ah  wa^  8tate<l  }>y  Dr.  Jenkin?*/'  this  spetMe*  is  very  niinilar  to  T.  punrtatimmu*  (Gunther).^  Its 
dit<tinction  rests  on  a  (Hfferen(.*e  in  the  color  pattern,  the  spots  lieinp  fewer  and  generally  more  widely 
Beparateil  than  those  of  T.  punrtntissimns.  The  disteniled  l^elly,  an  allege*!  distinctive  character  seen 
in  the  type  specimen  of  T.  jadator,  is  merely  the  result  of  its  having  been  preserved  while  distended 
with  air.  In  3  si>eciinens  fmm  Laysan  Island,  measuring  65,  78,  and  93  mm.,  respectively,  the 
spots  on  the  sides  of  the  head  are  nearly  as  large  as  those  on  the  Ixxly;  those  on  the  upper  part  of  the 
snout  are  al>out  half  as  large;  there  are  7  or  H  on  a  line  between  upper  part  of  eye  and  tip  of  snout. 
Those  on  the  snout  and  upper  j^rt  of  hea^i  and  nape  are  narrowly  bonlered  with  dark  brown.  On 
the  b<^)dy  there  are  alx>ut  13  s[X)b'  in  a  line  between  the  dorsal  and  anal  fins,  and  6  in  a  vertical  line 
near  the  middle  of  caudal  peduncle.  The  largest  example  ha><  an  indefinite  dark  spot  below  the 
base  of  dorsal  fin.  In  life  the  siK)ti*are  light  blue.  Most  of  them  are  as  large  as  the  pupil  and  so  close 
together  that  the  brown  ground  color  ap})ears  as  a  network. 

Three  examples  from  the  reef  at  Honolulu  measure  37  mm.  The  spots  on  the  upper  part  of  the 
snout  and  head  are  very  small.  There  are  5  in  a  line  l)etween  upper  part  of  eye  and  tip  of  snout. 
They  are  ocellate<i,  as  are  also  the  spots  along  the  back  to  the  base  of  dorsal.  There  are  7  or  8  spots 
in  a  line  between  anal  and  dorsal  fias,  an<l  4  in  a  vertical  line  near  middle  of  caudal  peduncle.  The 
cotype  collected  by  Dr.  Jenkins  in  Honolulu  als*)  has  large  spots  on  the  snout. 

T.  puurtatifOthnuMj  representeil  by  8  s|)ecimens  from  Panama,  has  from  7  t^>  10  small  ocellated  spots 
in  a  line  on  upper  part  of  snout.  The  sp<jts  on  the  back  from  nape  to  base  of  caudal  are  small  and 
have  dark  margins.  There  are  from  11  to  23  spots  between  anal  and  dorsal  and  from  8  to  15  on  the 
caodal  peduncle.  One  exami)le  has  4  short  lines  extending  backward  from  the  eye.  A  specimen 
from  the  Gala}>agos  Islands  referable  to  T.  pnnrtnti^'nuuit  has  the  spots  on  the  sides  of  the  snout  fused, 
forming  vertical  l>ands.     There  are  3  short  Iwnds  or  elonirate  spots  rai^liating  backward  from  the  eye. 

OSTK.\CHl).€. 

192.  Ostracion  camunun  Jenkins.     Puako  Bay,  Hawaii. 

198.  Ostracion  oahuensis  JrtnJan  iV  Kv^rmann.     Honolulu. 

194.  Ostracion  lentiginosum  Bl<K-h  i*^  S<.'hnei<ler.     Ibinolulu. 

196.  Lactoria  gtdeodon  Jenkins.     Honolulu. 

Several  specimens  were  taken  from  the  stomach  of  a  t'oryplurna. 

DIODOXTH).^. 

196.  Diodon  hystrix  Linn»'us.     Honolulu. 

197.  Diodon  holocanthus  Linniini.^.     I^ysan  l.^lan«l. 

One  specimen  2IV>  mm.  long.  The  rtns  are  iiinna<'ulate.  There  are  10  or  12  small  dm^ky  spots 
scattered  over  the  Ixxly.  A  broad,  dark  bar,  internipttnl  in  the  mi<ldle,  extends  lietween  the  eyes. 
There  is  a  similar  \mr  on  the  na|>e,  a  s|H)t  as  large  as  the  eye  alx>ve  and  l>ehind  the  jx^ctoral,  a  me<lian 
brown  bar  on  the  l>ack  anterior  to  the  dorsal,  and  a  blotch  surrounding  the  l>ase  of  the  dorsal. 

198.  Cliiloniycterus  affinis  (nrnther.     Honolulu. 

SC0RP.4:NH).€. 

199.  Bebastopsis  kellog'gi  Jenkins.     Honolulu. 

200.  Bebastopsis  parvipinnis  ( iarrt^t.     Honolulu. 

201.  Merinthe  macrocephala  iSauvage).     Honolulu. 

Two  specimens.  D.  xii,  11:  A.  in.  5.  Orbital  tentacles  barred  with  dusky;  in  one  specimen  they 
reach  the  base  of  thin!  dorsal  spine  when  depr^ssetl,  in  the  other  they  measure  1.66  times  diameter  of 
eye,  not  reaching  Imse  «>f  first  dors;il  spine;  stn-ond  anal  spine  laiipe  and  heavy,  a  deep  groove  running 
lengthwise  of  each  side. 

202.  Bebastapistes  corallicola  Jenkins.     Honolulu;  Hilo. 

a  Trupidu'hthy»jncUitt,r  Jeukin.s,  Bull.  U.  S.  Fish  Ctom.  for  1899  (June  8,  1901),  899. 
bTdrodonpunctatittimut  Giintber,  Cat.  Fish.  Brit.  Mum.  1870,  viii.  802. 


.  Cephalac&nthua  orientali*  ((^iiv 
Uuy,  Kuiiui;  Ijihaiiiii.  Miiiii. 
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.  BabutapIatM  cooiorta  J^nkiiiH:     Honolulu. 

.  Bcorpnnopai*  catocala  .Ionian  A  Kvernutun.     Ilonolnln. 

.  Dendrocbirua  hudsoni  Jonlaii  A  Kvenuanu.     li>iii><tulu. 

CEI'HAUCAXTHID.*:. 

r  &  Valeni'icnun) ).     Ilimululu;  I'ukno,  Molnkai;  Huula 

MALACANTHIUX 

S07.  Kalacantbua  parvipinnia  Vuilluiit  A  Siiuvi^ci'.     Hiiuoliilii:  IjUiaiim,  htaui. 

VMKlUiJE. 

808.  Eleotris  aandwichenaia  Vaillniit  A;  Siinv»i;<*.      1  [diihIiiIu;   Waitiica  Hiver,   Hanalei   Rivei, 
lluk'ia  lUvur,  llunu|M'|>«'  Kivi-r.  Kauai;  Auuliuln  KiviT,  Oaliu. 

209.  Aflterropteryx  cyanoati^ma  (Itlii'kt'r).     lluiiolulu. 

210.  ttoiaquiliua  eugenius  .lunlati  .'i  l-Avnuatih.    LuyMti  iHlaiiil. 

211.  Oobiua  albopuactatus  ('tiviiT  &  Vitli'in'ifiimii.     llnnulului  Waiatua  Bay,  Oaltu;  Puako  Bay; 

Kralakckuii  Kay.  Hawaii:  [lil.>. 

312.  Awaoua  genivittatus  (Ciivirr  A  Vjilcrniiiimf i.     Iliihuliihi;  Waimca  Riwr,  Hana[>epe  Riwr, 

llanaici  Hivi'r.  HiiIdH  Kivi-r,  Kauai;  Aiuiliulu  Kivt-r,  Oaliu. 

313.  AwaouB  stamjneua  (Ky<l<)iix  &  Souk'vi'ii.     Atiahulu  Uivt-r,  Oaliu;  Waimeu  River,  Hanalei 

Uiv.r,  ]Iutin)H>|H'  l!ivi-r.  Hiili-i  Hiwr.  Kutial;  Wailiiku  Kivt-r.  Maui. 
214.  Sicyopterus  etimpeoni  ( i  )i1l ).     Uiliiiiiui  uiiil  Wuihikii  rivi-rH,  MhuI. 
SIS.  Enypniaa  oligolepia  ,Iciiki[ii<,     IliiimUilu. 


216.  Oaurua  ■chauinslandi  (: 


ITKROl'SAKID.i". 

lUi'Iiuiti.     IIouoIuIu. 


217.  Echeueia  remora  l.inriiiiiM.     Ilniiuhilu  marki-l:  Hiuialci  Itay,  Knnai;  Ptatioiu  3869,  .tSTA,  3887 

;Bi:!4,  :fl):w,  :iii7:i.    of  14  xiiiviiucuK.  4  liavi-  17  jwirinif  laiuiiiic,  the  utliera  liavinK  18, 

218.  Balariaa  zebra  Vailln:il  A  Sau\*aLi'.     Ilmxihilu;  liiln;   Ciiako  liay,   Hawaii;  Ilanaloi  Bay 

Kauai;  xluliKn  :isi'<l,  Uiiiai;  Ltyxari  l>lati>l;  :'Iati<>ii  '.isx],  lietwit-u  Mauiand  I«nai. 

219.  Balariaa  marmoratua  I  Itt'iiui-tt ).     UiyMiiii  Ixiari'l. 
230.  8alariaagibbifrona«}ii<>y  iV  <l:iiiuiml.     Ni>iii<liilu;  llilo. 


'riii!"  siKi'ii-s,  an  with  scvitoI  ntlii-rs  i.f  llii'  llhoiiiiil:, .  \kw ii  iliftiu.t  tyjic iit  cnluration  for  (.-acli  aex. 
Till'  nut'  lifwriKil  iw  .V  «i/M„y,  liaviiiji  tin'  s.ifi  .l.nsal  ami  liiiulal  i-ikjIIcI  with  whiU-,  is  the  male;  tlie 
irtlicr,  ili'.-4TiU-<l  an  S.  nillUn,  liavirii;  llii-  liiirMil  aii<l  iiiiuial  iiiirruwiy  Immil  with  black,  ia  the  feiuak- 

M  UIUWS  IIIkI  :UI  ft'lJUlll'X  WITI'  fMllllLlloI.  ' 


331.  AapidontuB  brunneolUB  .litikin 


llolh.llllll, 

HHIITLXHU. 

llntK.lltlil. 


233.  Brotula  marffinalis  J<'iikiii 

Twri  i.|n-.'it i^  ;U  rill-  Imiik.     Tl iKiUary  n-a.'lif-  Ww\\<\  III.-  ».yi.,  il»  louffth  being  coitt^itctl 

2  tituisiiii  the  Ix-ucl,  iiii')uiliiii;ii|H'rc'iilar  Ibji.     Tlic  ilnrKil,  utial,  iiu>l  i-amkil  nioiw.     Ihireal  -\  anal  USB* 
<li.n^l  tn  Ufur  iiii<iilli-  r.f  (-au.l^il  Vli.     Ciui.lul  |.i.iiiU'rl  iHwI.-riurlv,  ii.it  mitrlx-.). 
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AXTENNAKIID^. 

223.  Antennariiis  coxmnersoni  (Lact'pe<le).     Honolulu. 

One  specimen  from  the  coral  reef.  (\)lor  black,  with  manyroiin<l  spot**  of  a  deeper  black,  clouded 
with  light  gray. 

224.  Antennariiis  rubrofuscus  ((rarrett).     Honolulu. 

One  example  from  the  reef.  This  sjxH'ies  is  mimitte<l  a.s  distinct  from  A.  commen^cnn  with  consid- 
erable doubt.  The  specimen  is  light  orange-re<l,  clouded  and  H|X)tted  with  <lusky.  This  and  the  one 
identified  as  ^4.  commersoni  differ  only  in  color,  the  one  being  almost  an  exact  negative  of  the  other. 

225.  Antennarius  bigibbus  (Lacc|)cde).    Honolulu  reef.     Three  8i)ecimens  20  to  25  mm.  in  length. 

226.  Antennarius  nexilis  Snyder,  new  si)ecies.     Plate  13,  fig.  28. 

This  species  differs  from  all  others  of  the  genus  in  having  the  third  dorsal  spine  very  closely 
attache<l  or  lK)und  down  to  the  V)ack,  and  in  having  the  soft  dorsal  extending  posteriorly  to  l>a8e  of 
caudal.  First  spine  short,  equal  in  length  to  longitudinal  <liameter  of  eye;  the  fleshy  tentacle  half  as 
long  as  the  spine,  with  7  filaments.  Second  spine  curve<l  backwanl,  its  length  e«iual  to  1.5  times  the 
longitudinal  diameter  of  eye;  when  depresse<l,  the  tip  not  reaching  over  half  way  between  its  l>ase  and 
the  base  of  thinl  spine,  no  membrane  cr)nne<'ting  posterior  part  of  spine  with  the  head;  third  dorsal 
spine  equal  in  length  to  distance  between  its  base  and  tip  of  snout;  very  closely  lx)und  down  through- 
out its  length  to  the  back,  the  tip  with  a  movable  joint;  soft  dorsal  with  12  rays,  the  middle  ones 
equal  in  height  to  distance  between  tip  of  snout  and  base  of  third  spine;  fin  extending  posteriorly  to 
bases  of  caudal  rays;  anal  rays  7,  ec]ual  in  length  to  the  dorsal  rays;  edge  of  fin  rounde<l,  extending 
posteriorly  as  far  as  the  dorsal.     Caudal  rounde<l  posteriorly,  3.5  in  the  length;  pectoral  rays  12. 

Body  and  fins  covered  with  granules  and  prickles,  the  latter  usually  bifid  or  trifid,  many  of  them 
ba\'ing  fleshy  tentacles;  a  lateral  line  of  |>ores  lx>gins  on  snout,  passes  over  eye,  curves  downward  to 
a  level  with  lower  margin  of  eye,  exten<ls  l)ackward  to  a  ix)int  below  l>ase  of  second  or  third  dorsal 
ray,  then  bending  downwanl  and  backwanl  to  a  jn^int  alK)ve  the  origin  of  anal,  from  which  it  runs 
backward  to  lower  edge  of  l)ase  of  caudal;  another  line  of  conspicuous  i>ores  extends  from  the  chin 
downward,  curving  far  below  the  mouth,  then  upward,  joining  the  lateral  line  l)ehind  the  eye;  other 
large  pores  are  present  on  the  chin  and  head. 

Color  gray,  with  dusky  spots  an<l  clouds,  large  and  close  together  on  the  dorsal  parts  of  V)ody;  eye 
with  radiating  dark  and  light  elongi\te  sp<^ts;  a  large,  irregular,  re<ldish  orange  s|k4  on  the  nape;  a  few 
small  spots  of  same  color  on  snout  and  face;  fins  closely  covere<l  with  black  spots  a  little  larger  than 
the  pupil,  the  membranes  of  the  fins  near  their  edges  white;  pectorals  and  ventrals  white  and  almost 
without  spots  on  ventral  sides;  inside  of  mouth  without  dark  color. 

The  description  is  of  the  type,  No.  5()S<S3,  U.  S.  Nat.  Mus.,  taken  at  Honolulu.  In  another 
example,  cotype,  7735,  L.  S.  Jr.  Univ.  Mus.,  the  upj>er  parts  of  the  head  and  IxKly  are  almost  covered 
with  reddish  clouds,  the  tint  nion»  intense  anteriorly.     First  spine  1 .33  times  as  long  as  <liameter  of  eye. 

227.  Antennarius  duescus  Snyder,  new  species.     Plate  13,  fig.  24. 

Head,  body,  and  fins,  except  the  e<lges  of  the  latter,  covere<l  with  bifid  an<l  trifid  prickles;  small 
dermal  filaments  scattered  here  and  there,  a  conspicuous  one,  somewhat  longer  than  diameter  of  eye, 
above  an<l  a  little  l)ehind  base  of  i)e<'toral;  gill-oi)ening  small,  circular,  locate<l  far  Iwick,  half  way 
between  axil  of  })ectoral  and  anal  opening;  first  dorsal  spine  slender  an<l  hair-like,  the  length  equal  to 
depth  of  caudal  }K»duncle,  the  fieshy  tip  a  fiat,  folded  membrane  with  minute  tentacles;  second  dorsal 
spine  seated  close  to  first,  slender,  without  a  membrane,  its  shaft  covered  with  minute  granules,  the  tip 
with  a  small,  fleshy  knob;  slightly  shorter  than  first  spine,  not  quite  reaching  base  of  third  when 
depressed;  third  spine  strong,  curved  backward,  its  length  ecjual  to  distance  between  gill-opening  and 
anus;  capable  of  free  movement  up  to  a  vertical  [Kjsition,  the  })osterior  membrane  fleshy;  dorsal  rays 
12,  the  highest  containeil  3  times  in  base  of  fin;  fin  extending  far  posteriorly;  the  length  of  the  free 
caudal  y)e<luncle  etpial  to  diameter  of  pupil;  anal  rays  7,  tHpial  in  length  to  those  of  the  dorsal;  caudal 
rounded  posteriorly,  its  length  contained  3.5  times  in  head  and  Ixxly. 

Color  in  spirits,  pale  brick  rixl,  the  dorsal,  anal,  and  caudal  darker  on  the  e<lges;  raye<l  jK)rtion 
of  pectorals  and  ventrals  gray  below,  diL**ky  al)ove;  hea<l  and  body  sparsely  cloude<i  and  spotte<l  with 
dusky  and  gray;  a  large,  irregular  crossl)an<l  on  chin,  extending  upwanl  a  little  beyond  mouth;  a 
dusky  cloud  above  pectoral;  a  large,  gray  spot,  bordennl  with  dusky,  on  the  head  between  snout  and 
pectoral;  a  small,  ocellated  gray  spot  below  the  latter,  and  a  similar  one  on  body  midway  between 
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k'L-rtinkl,  )cn>y  l*uiil  bordered  with  iliuky; 


Kill -op'iii  11)1  an- 1  ilorwl  I'm;  iwuilal  i«<laii(rU>  with  H 
luunth  iiiiiiiai-iilatc  within;  priokleN  whitf. 

Ill  life,  [>iiri>liHli  liliu-  tliriiiitihuiit  (the  iiilrir  of  thv  ii]ti:r  liroiiKlit  up  in  tlu-  Irawl),  naw  for  a  few 
}>iiikii>h  >i|Hi|i<  uiiil  till-  lipx  iif  [HH-tiimlti  »nil  vi'nfnilii,  which  wen-  whitiHli. 

fhwTiliol  frciiii  ty|H-,  N'o.  'iDi^M,  V.  S.  N'at.  Miw.,  -H)  iiiiii.  in  k>ii|{th.  A  Mnuiller ime,  19  mm.  long, 
fOty|v,  No.  77:{ti,  I..  S.  Jr.  t'liiv.  Miix.,  <liffi-ra  fnim  ty[if  <iiily  in  Ate;  in  life  it  wwi  lijtht  bronie 
rulonvl  nil  uiiiMT  lurti',  ycllnwii'li  hmnKC  )n-Iiiw,  h  vtUli:  )iinkii<h  rreiicunt  on  upper  part  of  opercln; 
fitution  'Aim,  Ivtwivii  ]l[iiui  iiml  Lutiai,  ik-|itli  'i'2  to  -Ki  fatlion^. 

Another,  It)  iinn.  1i>iik,  iH  fnnii  Ktatiim  4IL'K,  vi<-iiiity  of  Kauai,  ile|itli  7n  tathoiiii^;  body  brownUi 
hku'k  except  cm  najxt,  where  then-  \»  a  Hinal)  cKhuI  of  retldinh  I'lilor;  tiiui  narrowly  e«^ed  with  red. 

The  K|ieci(v  in  iliirtinKiiiKhiil  liy  tin- folkiwiiiK  net  nf  cliiirai-terB:  Fimt  and  wcoiul  iloraal  apinea  wltb 
tliiukcneil  lliwliy  ti|>K;  ilorsal  ami  anal  extcniliiiK  fiir  iHttterinrly,  length  iif  free  cauiUl  peduncle  eqoal 
III  iliatni'ter  <j[  inipil;  inH-oiH'niiii^  liii-iiti.il  iniilwity  U'lwtf  ii  axil  of  jiectDral  and  the  an&l  opening. 
Stanix>ri»  I'mvbksitv,  Cal.,  Jlni/  l-i.  100-S. 


LIST  »F  PLATES. 


I.  hk.  1. 
HB.  a. 


()in-Arin'ii>  iHMlaram  MiyiU-r.    Tyiav    Umulnu 

>lBlii>n  »sl.->.  -ilT  IHbuuiiuI  Ilt>ii<l,  i  nihii. 
rtiirAirrjio  n"»>fi9  MiiyiliT.    Tyiw.    I>niwltiit  li; 


1.  MkLiUKii,  fnnn  «  Hjicrlnini  about  1  feet  Ic 
AlkitiMii.  Iitiin  n  iqiii-tmcn  alKmt  fi  feet  Ic 
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NOTES  OX  FISHES  COLLECTED  L\  THE  TORTCGAS  ARCHIPELAGO. 


Bv  DAVID  STARR  JORDAN. 


Dr.  Joseph  C  Thompson,  United  States  naval  surgeon,  formerly  stationed  at 
Fort  Jefferson,  on  Garden  Key,  one  of  the  outhing  archipelago  of  coral  islands  known 
as  the  Dry  Tortugas,  has  s(»nt  to  us  a  very  interesting  collection  of  small  fishes  from 
the  coral  reefs.  Of  the  21  species,  4  are  new  to  science  and  S  others  are  new  to  the 
waters  of  the  United  States.  Series  of  these  sjx^cies  are  in  the  V.  S.  National  Museum 
and  U.  S.  Fish  C/ommission;  the  others  are  in  the  collection  of  Stanford  University. 

The  accomimnying  drawings  are  by  Mr.  Kako  Morita. 

Family  SPHYR.4:X1D.1:. 
SphyraBxia  barracuda  (Walbaiiiu). 

One  H|»ooiiiien,  ven'  young,  of  the  common  laive-HcaliKl  iKirraciula  or  picuda. 

Family  HOLOCEXTRID.^. 
Holocentnis  siccifer  (Coi>e). 

IMor*-ntriim  ficHf*ruin  ('oik.*.  Truns.  Amor.  Phil.  S<>o.,  \\\,  n.  s..  1K71  <  I>ce. k  465,  New  Providence,  Bahamas. 

One  fine  sixH-imen,  the  only  one  known  except  the  original  tyjH\  which  c^me  from  New  Providence. 
It  agrees  well  witli  Profei*s<>r  Coi)e'H  des<'ription. 

Depth  2.75  in  length;  head  3;  mouth  small;  last  dorsal  spine  very  short,  scarcely  visible;  third 
anal  spine  m<xlerate,  1.5  in  head;  K-ales  45;  o|>errle  with  two  Hul>e<jual  spines,  little  divergent;  pre- 
opercular  spine  short;  dorsal  spines  low,  2.33  to  2.5  in  head;  soft  dorsal  1.75  in  hea<i:  maxillary  rather 
lew  tliaii  eve,  3.1^^  in  hea<l;  head  l»road  alnive.  with  short  snout. 

Color  in  spirits,  violet-silvery  alM>ve,  soilcMi  silverj'  on  sides,  silvery  lx*low;  1*  lengthwise  streaks  on 
side,  along  the  rows  of  s<"ales,  4  of  them  dark  purple,  the  other  5  yellowish  and  marktMi  by  many  dark 
points,  giving  a  soiled  appearance,  the  2  upi>ennost  of  tht^se  broader  than  the  others;  axil  with  a 
jet-black  sjxjt;  head  plain,  dotted  with  l>lack;  a  little  black  on  tip  of  of>ercle;  spinous  dorsal  with  a 
duskv  area  toward  the  base  of  each  mem])rane,  a  duskv  cross  shade  toward  tip;  membranet*  of  first  two 
t*pine9  largely  jet-black  with  a  white  streak  below  and  one  alxne,  forming  an  m-ellate  black  blotcli, 
continuous  with  the  dusky  me<lian  shade  of  the  fin;  s<jft  dorsal  and  all  other  fins  pale,  doubtless  re<l 
in  life,  with  no  dark  e<lgings. 

The  low  fins,  small  scales,  strii>e<i  Ixnly,  and  dusky  spinous  dorsal  with  an  (K'ellate  black  area  in 
fnmt,  well  di.stinguish  this  pretty  species. 

Family  .\P0(.0X1D.^. 
Apogron  sellicauda  Kvennann  &  Marsh. 

AiMnjifti  ^flirnii'tn  Evt'nnann  A:  Marsh.  Fi'<hf>  of  Porto  Kico,  p.  143.  Ak-  -JO,  190U  ■  iH-r.  29 1. 

One  very  fine  si>ei"imen,  aUmt  3  inches  long,  twice  as  long  as  the  tyjH*,  from  Culebra  Island,  Porto 
Ri(X>,  agrei^s  closely  with  the  figun-.  The  black  dorsal  blotch  is  larger,  extending  on  the  base  of  the 
fin;  a  faint  du.^^ky  an-a  in  front  of  d«»rsal;  the  caudal  saddle  and  the  oj^ercular  blotch  are  alx>ut  as  in 
Evemiann's  figure.     li<Mly  and  lin.s  unif<»nn  l)right  scarlet.     Both  edges  of  preopercle  finely  serratecl. 

Family  SC1.€X1I).^. 
Eques  pulcher  (.Stein<lachner). 

One  fine  si»e<"imen,  alH)Ut  3  inches  long.  ( )liva<-eous;  three  black,  ribbon-like  stripes  along  the  side, 
the  middle  one  reaching  to  end  of  donjal  and  extending  forward  to  eye  and  across  forehead  between 
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eyi«;  faint  dark  Htreakn  a('ri)»iH  iiiiiMIe  of  each  intrrnpact*;  a  dark  bar  downward  from  eye,  one  behind 
moiitli;  four  Mark  rroHH  Htn*Hks  on  fori'Iicad  and  one  liackwanl  to  iiai«:  upper  bands  of  bixiy  meeting 
aorof>8  forehead:  frrmt  diirnal  blark,  wluttMHl^tMl;  liase  of  h if t  dorsal  with  a  black  stripe  anteriorly; 
pi*ctoral  with  a  lar^  black  Htri]H.*  alMivo;  anal  with  a  black  cn*r<cent  medially;  ventrals  almont  entirely 
black;  fiiiH  r)therwi><e  ])ale. 

Faniilv  POMACEXTRID/E. 
PomacentruB  caudalis  (Poov). 

A  small  £iiKM'ini<^n  alxMit  an  inch  lon^.  I^mIv  diH'p,  dc]>th  2.2  in  len^h.  Olivaceous  (bluish  in 
liff ),  posteriorly  liri^ht  yellow;  (ins  all  yellnw:  no  white  or  blue  s]N»t  on  last  rays  of  anal;  a  lai)^  blai^k 
<K'ellus  on  front  of  soft  ilors:iI,  a  smaller  one  (»n  Uwk  nf  tail,  none  on  o{)erele  n<»r  in  axil. 

This  little  fish  ciirn-spnmls  with  INh^v'h  I  *oitniirni  nut  ra  win  I  in  ami  with  no  other  described  species. 
It  is  pro)>ably  a  valid  s]K^'ies.  although  s|HM-imens  similarly  colonnl  have  \x*en  conaidertid  the  yoang  of 
Poinairutrus  /tt^iniH. 

Microapathodon  chrysurua  (Ciivier  A  Valenciennes). 

A  tine  youn^  s]K'cimen,  l.'^  inches  lon^.  Color  blue  black,  very  dark;  body  and  head  with  round 
li^ht-bhie  sjMitx  aUmt  as  laryt>  as  ]Mipil,  rather  n^uhirly  arraufiriHl;  live  with  some  fainter  ones  in  a  line 
from  eye  to  tail;  5  or  (>  spots  on  side  of  head:  <-:tudal  tin  and  most  of  soft  dorsal  abniptly  yellow;  the 
r)ther  tins  all  blackish  like  the  binly.  Dr.  Thom]>son  states  that  this  fiah  is  extremelv  active  in  the 
water,  I M*in^  caught  only  with  ^'n»at  dilliculty. 

Family  IABRID.E. 
Halichceres  bivittatus  (HUh'Ii). 

Three  yoiin^  sinn-inieiis.  The  lar-p'st  is  iK'rha|>s  a  n'])resentativo  of  a  distinct  species.  Lateral 
striiM>  very  black,  th<>  lower  one  black  alnt.  although  narrower,  the  s{iace  between  them  pale,  and  a 
Innate  black  s]Nit  lon«^'er  than  pupil  at  liase  of  anterior  s<ift  rays.  The  smaller  specimens  are  irreen, 
without  dorsal  (nvIIiis:  the  lateral  stri)K>  is  li^lit  brown:  the  lower  almost  ol)solete;  open*le  with  a 
sniall  spot.  S]K*ciiiiens  like  the  tirst  with  the  dor-sal  (»celliis  an*  occa.^i(mally  taken, and  the  writer  has 
hitherto  rejrardtnl  it  as  a  ilee]>- water  variety,  which  it  may  1h'. 

ThalasBoma  nitidum  ((iiinther). 

A  fine  yonn^r  s)KMimen,  :^.r>  inches  lon>;.  Sid(>  with  a  bmail  violet  black  stripe  from  snoot  to 
(raudal,  when'  it  divides, extending:  to  tipof  either  loU*:  the  luind  is  bn»a4Un}t  medially, and  thereabout 
twice  diameter  of  eye;  a  paler  black  stri{K'  alon^  midille  line  of  iHiek  and  liase  of  dorsal;  a  yellowish- 
brown  an.*a  U'tween  these:  dorsal  withanunlian  broail  black  stri|H\  narrowly  pale  above  and  below 
it,  the  anterior  spines  in  a  jet-black  blotch;  a  jet-black  axillary  sjHit;  lielly  white;  caudal  yelloviish, 
exce])t  for  the  ])lack  stn»aks:  tins  otherwise'  \n\\o'.  ojHTcle  black,  ]>ale  e<l>?e<l  iK)Hteriorly. 

Ventrals  short,  1.5  iii  the  short  {NM-torals.  Thniaumwm  iilti'IMintim  ((rrHxle),  said  to  have  the 
ventnds  still  shorter,  must  Ih»  the  same  species. 

Doratonotus  decoris  isveriiianii  iV:  Marsh. 

Piirntonotm*  'Iti'tiri/t  Kvfnimnii  .v  Miin<h.  Kishr>  uf  I'urto  Hh-o.  i».  'Jitl.  jil.  21*.  lyOO. 

One  small  s]K^ciinen.  U-autifiilly  colonsl,  nearly  1.5  inches  lon^r.  Ro<ly  bright  green  with  bionsse 
dots  and  markiii^^  essentially  as  shown  in  Kvermanirs  li^ure  of  the  ty|K^  nf  Ihratonohu  decarii  iTom 
r>ince,  but  there  is  no  broii/.e  stn-ak  al(»n^r  the  si<le  of  the  heatl  and  the  throat  and  the  breast  are 
^re«*n  like  the  re<t  nf  tlu-  body. 

Thre<'  nttiiiitial  species  of  this  ^rcmis  have  Ikh-u  descrilM'tl.  and  ]H»ssibly  all  are  valid.  DoraUmottut 
mofiilqti^t  (iiinther,  from  St.  Kitts.  is  s;iid  to  have  the  prolile  stiiii^ht  and  the  number  of  scales  19. 
Tii(>  color  is  loHt  in  the  typical  example.  Ihn'iittmotns  tfmtniwiims  Jordan  i^  ( til bert,  from  near  Key 
West,  liiL^  the  ]M'olile  concave  alwive  eye,  the  snout  moriM'lon^ite,  nundHT  of  scales  20,  and  the  long 
spine  (»f  the  dorvsd  with  tilamentous  tips.  The  color  is  a  little  diffen'iit  from  that  of  D,  decorut.  The 
tyjK'  of  I),  ihnfi-is,  like  onr  specimen,  has  the  profile  a  little  convex  aUive  eye,  a  little  comt&ve  above 
snout,  no  filaments  on  the  dorsid  spines,  the  scales  'JUi  {  we  count  '2:\  on  our  s])e<^inien,  and  £vermann'8 
figure  shows  no  more).  i'ro])ably  Ihnittmiotin^  tlntioHs'nnm  is  tlu*  male  and  the  nthorH  the  female  of  the 
same  species.  IVrhaps  the  three  are  distinct.  K\ce])t  for  the  nundM>r  of  bcaleSi  We  shuuld  identify 
l>.  tf,rin-i.'<  with  /'.  intynh'fns. 

Family  SCAK11K4:. 

Cryptotomus  beryllinus  (.Ionian  «.<:  Swain  i. 
One  small  s|M'cimen  of  this  common  spi*<'ii»s. 
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Family  CH.€T0D0XT1D/E. 
OhflBtodon  capistratuB  LiniuruH. 

One  ven*  Final  1  8|)ei*inien,  an  inch  lon^,  typiral  <>f  ('hui'xlon  hrirtl.  It  it*  highly  ]>rul)al)le  that 
this  is  the  younjr  of  Chuiinlon  raplxtmiu.^,  from  whi<-h  it  differs*  t*<jU»ly  in  tlu*  pn*si*ntv  of  a  Kvond 
gmaller  CK*el Ins  above  the  larja*  one  on  the  side.  The  larjre  ooellns  b*,  however,  v«*rtieally  oblong  in 
Chsrtoiiou  hruwi  and  numd  in  <'h:ittnlon  rnj/l.^tntiu.'*.    The  t\v»>  siK»ei«^  may  1h*  irlentieal. 

Pomacanthus  arcuatus  (Linna-u.^).     One  small  ^{K'cinien. 

Family  GOBIII).^:. 

QobiuB  80X>orator  (CuviertV  Valenciennes). 

Numerous  examples  of  this  very  conniion  si)e«'ies,  very  jiale,  iis  usual  in  rnral-ri'ef  examples. 

Oteno^biuB  g'laucofraenum  (Gill). 

Three  specimens,  the  longest  about  1.5  inches  long. 

This  species  is  known  at  once  by  the  two  black  sjKJts  in  a  vertical  line  at  Iwse  of  cau<lal.  Color 
very  pale  olive;  fins  translucent;  sides  with  3  rows  of  vertical  olivai^ms  s|)ots;  a  blackish  streak  back- 
ward from  eye  to  shoulder;  a  diwky  pat<*h  on  pref.»j>en'le;  a  slight  <lusky  shatle  from  eye  to  angle  of 
mouth;  two  small  bla<.*k  siK>ts  at  l»as(*  of  csuidal. 

This  little  species  was  describe<l  as  from  the  coast  of  W^ishington.  This  is  an  em>r,  as  Dr. 
Eigemnann  has  shown.  It  is  not  found  in  the  Pacific,  while  it  d<x*8  occur  at  the  Dry  Tortugas, 
from  which  region  Kigenmann  had  four  examples. 

Ctenogobius  tortugse  Jonlan,  new  species.     Plate  1,  fig.  1. 

Head  3.4  in  length;  depth  4.06;  D.  vi— 10  or  11;  A.  i,  10;  si-ales  22  or  2:^,  9;  eye  3.«0  in  head,  a 
littie  shorter  than  snout;  maxillary  2.75;  jiectonil  eijual  to  heail,  caudal  a  little  shorter;  united  ventrals 
about  four-fifths  head;  l)ody  elliptical-fu«ifonn,  a  little  slenderer  and  a  little  more  compresse<l  than  in 
Gnaiholepij<  ihomps^tni.  Head  lower  and  more  jMiintiMl.  the  inten)rbital  siwuv  scantdy  more  than  one- 
third  the  rather  large  eye;  mrmth  mrMlerately  (►blii|ue,  the  maxillary  reai^hing  front  of  pupil,  lower 
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jaw  ver>'  slightly  pn>jecting,  upi»er  jaw  protractile;  teeth  small,  sul)e<|ual,  a*'  usual  in  this  group; 
BDOOt  about  as  long  as  eye;  gill-openings  very  .^lightly  continutNl  forwanl  l>elow;  cheeks  and  open^les 
naked;  nape  partly  nake<l,  with  a  low  me<lian  ridge  of  skin;  ImmIv  covenni  with  large  thin  scales, 
which  are  but  slightly  ctenoid;  dorsids  rather  lr>w,  the  sixiies  slenrler.  the  anterior  longest;  caudal 
sabtruncate,  the  lower  rays  apparently  mther  longest:  j^ectnrals  iiKwlerate;  ventrals  long,  reiu'hing  vent. 

Color  very  i»ale  yell<»wish,  almost  white:  a  n»w  nf  small  blackish  sjM)ts  along  Iwse  nf  dorsal,  those 
behind  smaller  and  reluci^l  to  dots;  a  row  of  small  sjM>ts  al<>ng  side;  a  small  spot  or  gn>up  of  dots  on 
hmneral  region;  a  row  of  small  sjK^cks  l>ehind  it  in  a  line:  a  distinct  short  blackish  l»ar  at  base  of 
middle  rays  of  caudal ;  a  jet-l)lack  siM)t  iL<  larg**  a.<  pupil  lH*hind  eye,  alx»ve  oj>ercle;  a  faint  dark  l>ar 
below  eye;  a  fainter  rme  ln'hind  preopercle;  a  faint  bluish  streak  Ivhind  eye;  fins  all  plain  whitLsh, 
the  ventral  faintlv  duskv;  some  scales  with  traces  nf  a  faint  whitish  si»ot. 

A  single  fine  si)e<Mmen  2.2  inches  long  (typt*.  No.  S3(v^,  L.  S.  ,Ir.  Tniv.  Mus. )  wjis  s*»nt  by  Dr.  J.  C. 
Thompson  from  (tanlen  Key,  one  <>f  the  coral  islan<ls  known  as  the  l>ry  Tortugas. 

Gnatholepis  tbompsoni  Jordan,  new  s)»ecies.     Plate  1,  fig.  2. 

Head  3.75  in  length;  <lepth  4.2');  D.  vi-i.  11;  A.  i,  10:  s<-aK*s  2S,  -*♦:  eye  3.5  in  head,  e<iual  to 
snout;  maxillary  2.75;  pectoral  e<pial  to  head;  caudal  e<pial  to  hea«l;  ventrals  a  little  shorter.  Body 
fosifonn,  shaj>€Ml  as  in  the  percoid  genus  Bi/hosomti;  head  gibl>ous  above  eye,  the  snout  short  and 
decur\'eil;  interorbital  sjMice  half  width  of  the  small  eye;  mouth  low,  small,  horizontal,  the  lower  jaw 
included;  upj>er  jaw  protractile;  U^th  m<Mlenite.  curve<l,  sul>e<iual,  apparently  in  a  single  row; 
preorbital  bn»ad;  maxillary  scarcely  reaching  past  front  of  eye;  cheeks  and  oiH*rck*s  each  with  alx)ut 
4  rows  of  large  s<*aK^;  nai>e  with  smaller  s<'ales:  IkmIv  c«»vere<l  with  large  s<-ah^;  gill-oi»enings  rather 
broad,  extending  forward  anteriorly:  spinous  dorsal  low,  its  outline  rounde<l,  the  spines  slender; 
anal  moderate,  (^udal  sublanceolate.  the  middle  rays  slightly  pr<Mluce<l;  iHH'torals  nKwlerate;  none  of 
the  rays  silky;  ventrals  large,  the  membrane  across  the  l)a.»H.*  well  <leveloi)e<l. 

Color  pale  gtraw-yellowi>h,  with  some  mottlings  of  darker  olive,  thest*  forming  a  row  of  faint 
shades  along  l>ack,  and  H  faint  quadrate  siM>t.s,  larg«*st  and  darkest  anteriorly,  on  lower  part  of  side;  a 
black  blotch  alK)ve  axil;  a  narrow,  shari)ly  define<l  ]»la<*k  Itar.  like  a  j>en-mark,  l>elow  eye,  a  faint 


542  BULLETIN    OF   THE    UNITED    8TATBS    FISH    COMMISSION. 

<1ark  wliadc  aon»HH  eye  to  Imineral  H{><>t;  no  H{K)t  at  bam*  of  oaiulal;  a  <lark  streak  iMU'kwani  a  flhort 
(Iif!(tan(H>  on  l>aHe  of  jKH'tonil;  botli  <1orsiilH  with  n>wH  of  wry  Bmall,  ]»ale  olive  dots;  a  few  dots  on 
caudal;  i)tH-torHl  plain;  anal  imlc,  with  a  dnnky  shado  alon^  tlu^  e<i^N  serrated  veutrals  dusky.  The 
dark  n)lor  on  wntralri  and  anal  is  prolmhlv  found  onlv  in  the  males. 

A  single  fine  speeinien,  alxmt  2.25  int'heH  long,  tyi>e,  No.  88<>4,  L.  S.  Jr.  Univ.  Miis.,  was  sent  by 
Dr.  Jos<»ph  (\  Thonii»son,  for  whom  the  Hf^etnes  is  namiMl.  The  genus  < imithilepi*^  to  which  it  belongs, 
differs  from  Ctmotjoh'nm  only  in  tin*  scaly  head.  It  is  e.juivalent  to  the  later-named  genus  Ifazeus^ 
Jordan  A  Snyder,  base<l  on  a  Japanc»w»  specit»s. 

Dr.  Thompson  gives  the  following  note  on  this  s|K*cies: 

'H/oral-sand  colore<l,  with  a  vertical  strij>e  through  eye  and  lower  cheek. 

'*lJfe  color:  A]M)ut  10  faint  dark  S4iuart»s  down  back.  In  these  dots  s«)  arranged  ^^  Below 
this  yet  a  light  line;  another  row  of  blotches  on  level  of  eye,  extending  to  tail;  below  this  another 
light  line;  at  level  of  pectoral  (>  larg(>  blotches,  the  darkest;  the  dots  in  all  these  blotches  follow  parallel 
lines;  t'audal  faintly  siHM'kU*<l:  tlorsiii  more  ho;  ventnil  clou<ly  gray:  jMH'toral  irolor  of  body,  which 
is  coral-sand  colonnl;  aUive  each  ]H.'ctoral  a  round  fawn-colore<l  sjKjt;  anal  and  lower  half  of  caudal 
tingtni  with  gray.  (This  iM)rtion  of  Inxly  buriinl  in  sand  when  at  rest.)  Iris  yellow,  over  eye  a  dark 
brown  lid  as  long  as  eyeball  is  dtH'p;  ni^t  as  thick  as  pupil;  l)elow  eye  extends  vertictilly  downward: 
Inflow  eye  this  line  is  a  mite  bri>ad*'r,  nearly  as  broad  as  pupil. 

"Habit:  Lies  on  lM>ttom,  moves  very  <piickly  from  siH)t  to  sfKit,  alnrnt  0  inches  at  a  time.  When 
seen  bv  a  Pininvt'iitrnat  fusruK  it  was  attacke<I  bv  it. 

**lx)cality:  Coral  sandy  Uittom,  around  cond  heiKls,  inside  Rush  Key.  (Half  a  dozen  seen.) 
l>t»i)th  of  water,  :J  feet." 

Elacatinus  oceanops  Jordan,  new  gt^ms  and  s)K>cies  (  Oithiidn).     Plate  2,  tig.  3. 

Head  4.25  in  length;  depth  4. (Mi;  1).  vii-i,  12:  A.  i,  10;  eye  li.tW  in  lieaii;  maxillar}'  3.5;  j^ei^torai 
1.1;  caudal  1.2;  spimuis  d<»rsal  \A\k\\  ventral  disk  l.(M>  in  head.  Binly  fusiform,  lanceolate,  little  com- 
pressed, covered  with  firm  skin,  which  is  entirely  nakeil;  head  moderate,  not  rounde<l  above,  the 
inten)rbital  space  about  eipial  to  the  small  eye;  mouth  small,  horizontal,  inferior,  with  thick  lips, 
resembling  the  mouth  <►!  lihinirhthus,  the  snout  pn>je<ting  lH'y<)nd  it  for  a  distance  e^iual  to  lialf  the 
eye;  each  si<le  of  snout  with  two  notching  iM»res;  teeth  rather  strong,  sharp,  somewhat  close-set, 
a[>]iarently  in  two  siTies  Inflow  aii<I  somewhat  imiH|ual;  maxillary  extending  to  {Hwterior  edge  of 
pupil;  upper  jaw  scarcely  j)rotractile;  gill-o|K*nings  small,  N^paratiil  by  a  wide  isthmus,  the  opening 
as  wi<le  m*  base  of  pet-tonil;  skin  smooth;  lateral  line  indicated  by  a  series  of  jwres,  each  with  three 
o{H>nings  in  a  vertical  line;  spinous  dorsal  low,  the  s))ines  sleixler,  the  nie<1ian  longest;  soft  dorsal  and 
anal  higher;  caudal  subtruncate,  the  nuMlian  rays  a  little  the  longi'st;  ventrals  united,  short,  entirely 
frtH^  from  the  belly;  anal  papilla  very  small. 

Color  light  blue;  a  narrow,  jet-l»lack  stn^ak  from  above  eye  along  Imuk'^s  of  dorsal  and  anal  fins 
nearly  to  up]HT  angle  of  eau<lal,  these  broader  in  some  s|KH'imens  and  coalesc'ing  into  a  median  dorsal 
stripe;  a  jet-black  stri|H.»  through  «'ye  alnive  iK'ctoral,  broadening  in  the  axil,  l)ei*oming  nearly  twice 
width  of  eye,  and  ext4>nding  broad  and  black  to  tip  of  lower  half  of  (*audal;  Ixxly  and  fins  otherwise 
pale,  a[)j)arently  light  blue  in  life.  A  color  sketch  by  Dr.  Thomj>son  shows  the  dark  stripes  to  be  dark 
lirown,  in  life,  the  <lorsal  strifM*  sky-blue,  tins  pinkish. 

Fiv«'  spi'cimens,  the  largest  2  inches  long,  from  the  coral  nn'f  oi  (iarden  Key,  colleete<l  by  Dr. 
Joseph  V.  Thompson. 

Ty]»e,  No.  S.SHf),  L.  S.  Jr.  I'niv.  Mus. ;  Cotype,  No.  27.')7,  V .  S.  Kish  Conmiission. 

This  sj>ecies  is  the  type  of  a  di>tinct  genus,  Elm-ntinnA^  alliinl  to  (iohutsinna,  but  differing  in  the 
small,  inferior,  miunow-like  mouth  and  in  the  form  of  body.  It  is  one  of  the  handsomest  of  the  gobies, 
its  color  sugiresting  that  of  the  Matasami  (eye  of  the  sea),  MahirnntlntM  lativHtntHH. 

On  this  sp<»<'ies  l>r.  Thompson  has  the  followin*:  n<»tes: 

"  Hlue-striped  coral  lish.  Ualnt.  clinging  to  eoral  heads;  emleavors  to  shelter  in  grooves.  When 
swimming  free  from  on«'  head  t«)  anotlu*r,  it  mov<'s  a  few  inches- -2  to  S — with  great  rapidity,  then 
conies  to  a  jM'rft'ct  halt  and  alters  its  course,  then  moves  again,  thus: 


•  The  dot^  repn',**ent  halls,     l^x'^ility,  <ond  hea<ls,  at  a  depth  of  \\  to  s  fiH-t.     T-ommon." 
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Family  BLEXXIID.€. 
Acteis  moorei  (Evermann  <5l  Marsh  "i. 

MainnKieintf  mtn^rri  Eveniiann  A  Marsh.  Fishe**  «>f  INirto  Rio».  p.  3ii9.  fijf.  97. 1«X». 

Numenmg  specimen?,  ea<.*h  about  2  to  2.25  inches  in  lenirth.  Hea«i  S.6«>  in  lencrth;  «lepth  3.66; 
D.  XXI,  9  or  10:  A.  ii,  20:  V.  i,  3,  the  inner  ray  very  small:  K-ale:*  :i-42-9:  eye  3.:i:i  in  hea«i:  snout  3.:i3; 
nuudllary  S.^i^J;  pectoral  e«iual  to  head:  ventral  a  little  lonjrer.  n»aching  i>art  front  of  anal:  caudal  1.2 
in  head:  longest  dorsal  spine  1.75:  longest  s«:>ft  ray  1.25:  fourth  dona  I  spine  2.66  in  head.  A  single 
simple  cirnis  lower  than  the  eye  at  the  naj>e.  a  simple  one  at»ove  eye.  and  a  smaller  one  at  the  nostril; 
mouth  small:  outer  teeth  in  jaws  ratht^r  largi*,  with  a  very  small  l»and  of  villifonn  teeth  l»ehind  them; 
teeth  on  vomer,  none  un  palatines. 

These  sjK^'imens  agree  very  doe^^ly  with  the  ligure  and  description  jriven  by  Evermann  A  Mareh, 
with  this  exception,  that  the  tirst  spine  of  the  <lorsal  is  longer  than  any  of  the  other?,  the  .•«ei'<ind  and 
third  are  pr<:>gressively  shorter,  a^^  usual  among  relatt^l  si»ecies.  The  original  type  was  a  ver}-  small 
example,  1.4  inches  long,  and  it  ha<l  not  the  dorsal  spines  fully  developed!. 

Color  brown,  with  nine  crossliands  of  darker  brown  a]x»ut  a«j  wide  as  the  inten»paces,  these  more 
regolar  and  more  du«tinct  than  in  Evermann  and  Marsli's  tigure.  Head  more  or  le«?  distinctly  spt>tted 
orfreckle<i  Ih»1ow,  conspicuously  s<^>  in  one  s|>ei*imen.  less  s«>  in  others:  in  one  .sjHH'imen  the  jwde  inter- 
spaces are  marke<l  alx)ve  by  a  jialer  siK>t.  the  dark  cn»ssl>ands  encroa^'hing  a  little  on  the  t^udal.  Fins 
tX\  plain,  light  brown,  the  anal  with  a  diisky  shade  towanl  the  e<ige.  the  ti]»s  of  the  rays  slightly  paler. 

This  species  may  l>e  regardetl  ai?  the  tyjie  of  a  <li.»«'tini-t  genas  A'itij<  ui,  without;  icreic,  comb), 
di8tinguishe<l  fn>m  yfnlarttcteini^t  i\\\\  ]»y  the  al>sence  of  the  broad  o>nd»  of  filaments  at  the  nape.  This 
18  representee!  by  a  single  thread  as  in  Artais  tntmr*'i,  hnjHhriji,  and  ''*iUfir:t,  or  alt«»gether  wanting  as  in 
oceUfUtut,  niriiix,  and  nmcropuj*,  j>rovisi<»nally  n*ferre«l  to  the  same  genus. 

In  all  thest*  8|>ecies  referre<l  to  MnlaciHit^unx,  Aiiei:».  and  J^jti:*omn,  there  are  three  soft  rays  in 
the  ventrals.  the  la<t  ray  l>eing  very  short.  Vomerine  teeth  are  present  in  all  we  have  examined, 
and  there  is  a  nam:>w  Vvind  of  small  teeth.  )»esides  the  row  of  larger  teeth  in  each  jaw,  in  all  except 
Malarttrtrtifijt  di'hilnndi. 

Bricteis  kalisherae  .Ionian,  new  genus  and  spe<"ies  <  Bhuuiuh^  i.     Plate  2,  tig.  4. 

Head  3.X^  in  length*  depth  4:  maxillary  2.2  in  htnid,  rt-arhinir  to  opp4>site  middle  of  eye:  pwtoral 
l.»5  in  head:  ventrals  .short.  !.»>♦>  in  hea<l:  first  dorsal  sjiine  3  in  head.  longi.^t  2.2,  eye  longer  than 
snout,  3.3^^  in  head,  its  cirrus  1.5  in  t^ve:  lower  jaw  l«ingest.  I>.  win.  11.  or  xix,  11.  A.  ii.  IS:  V.  i,  3; 
scales  4-49  to  52-13.  Teeth  rather  stronc:  a  siniile  t^xtrrnal  s**rit*s  with  a  villiform  Kind  l^hind.  this 
very  narrow  in  lower  jaw.  but  well  dfVt'loiH.*il  in  upfx^r:  vomer  ineilially  Vuxr*'.  but  with  a  few  small 
teeth  on  each  .»jide:  a  r«»w  of  4  or  5  strong  bhuit  tt^-th  on  tlu*  jialatint's.  first  4  dorsal  spines  much 
lower  than  the  others,  graduatt^l  Imckwanl.  a  small  tnfi  -if  cirri  at  the  nostril:  a  larger  tuft  over  the 
eye;  a  comb  of  cirri  on  each  si<le  ot  the  najni.     Length.  '1\  inches. 

Color  dark  bn^wn,  mu<'h  tlecke»l  with  hirhter  and  darker  ])r»wn  side  with  5  dark-brown,  irregular, 
cro8sl>ars,  these  growing  more  irreindar  with  age  and  extendiucr  on  vertiail  lin>:  S  dark  l>ars  across  the 
dorsal,  6  or  7  arross  anal:  tins  all.  includinjj  ventrals  4lr»<t-ly  sjM»ttt*«l  with  light  and  dark  bn>wn, 
the  colors  formimr  irregular  cn>ssl»ars:  pe<'t<»ral  with  a  bla«'k  senii'ircle  near  its  basi*  j^arallel  with  the 
succee<ling  dark  Iwrs:  v»*ntrals  with  5  or  6  dark  liars:  head  mtJttU^il  with  dark,  the  markings  not 
definite  exivpt  a  dark  blotrh.  i»ale-e<lfire<l  Ik-1<iw  and  l»ehind,  on  o|it»rcle:  thn>at  with  |wle  mottliufirs. 

Two  s|»fcimens,  tyjn*  No.  s;>i6.  Ichth.  Coll.,  Stanfonl  Tniv.:  the  other  rt^taineil  by  I>r.  Thompson. 

On  this  sjn^cie^  l>r.  Thom|»s«»n  ha^  the  foUowinij  notes: 

'*Toad-tish  like:  life  color,  head  irn*enish  bn»wn.  front  i»iirt  of  lower  lip  much  lighter:  two  white 
dots  nearnu»uth  anirle:  Nwly  brown:  six  brown  l«ands  extending  on  d«»rsal  Kdow  lateral  line:  thinl, 
fourth,  tilth,  and  .<ixth  lx»nien^l  with  whitish  s^-ales:  end  «»f  tiindal  |H.»<hnn-le  three  light  sj»ots,  middle 
largest,  joim-il  t«>gether:  aUlonu-n  yellowish  bn»wn  with  white  s|Mits:  under  j»art  head.  6  white  dots; 
dorsal  bn»wn.  with  darkt^r  brown  l»ands  that  extend  upward  and  forwanl.  where  there  cross  the 
spines  oblijpiely  2  whit*"  di»ts:  «-audal  rows  or  litrht  dots:  iH*«'toral  spines  dott^il  in  rows,  with  charac- 
teristic ventral  bruwn  dot>:  anal  likt*  dors;il.  only  a  bit  ilarker:  ••i>ercle  b«.»r«1er  light,  white  sjMit  under 
middle  of  preojH'rde. 

**  Habit,  livt-s  in  roral  cn^vii't-s:  «juite  fearless. 

**Locality,  inside  Bush  Kt-y:  depth  3  feet.     Noveml>er  24.  19(>2.'* 
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TliiH  HiH^4'ii*H  MH'iiiH  tn  1h*  well  (liHtin^riiisluHl  fntiii  nil  otherH  tliiiH  far  (I(*w*ri1iei1.  It  may  lie  nearrat 
Ijt'ltii^timn  hiNfifrnini,  Itiit  th«*  H*aiity  dt^M-riptioii  ni  tin*  latt«'r  H]MH'it»H  «1<k»p  not  well  lit  it.  In  all  H|»ei'i«! 
of  Ijrjt'wnnn  ( iMhrtmnnins  (iijl.  l»ut  imi  of  Swainsoii.  wIhw  ty]M»  in  rather  fTmim  ^iltin)  an«l  Mnhr'tttemm 
then?  are  .S  »)ft  niys  in  the  vi'iitral  fnin,  the  out^T  often  V4'ry  nhort.  Knini  the  tyjx*  of  lAitiaunna  the 
jm'M'nt  HiHM'ieH  apjKin'iitly  differs  in  th«'  Htnui^  {uilatine  tiM'th  anti  larger  month,  a>i  well  axi  in  the  form 
4»f  the  dorsal  tin.  From  MfihntHininx  it  certainly  ilifft-rn  in  the  |>n»Hene*»  of  villiform  teeth  liehind  the 
lar^T  oneH.  ApiKin*ntl y  Mtihtttn'inniA  HhonM  1h>  nnittHl  with  Ij*iii»nun^  or  elnt*  a«i(litional  iffoncra  niust 
Im»  eHtahlishnl.     Tht' jrt'neric  name  AV/«7.»x  is  j)n>iMis«»«l  for  the  prentrnt  H|)eeieH. 

ThetH'  provinional  ^enrra  may  Ih*  dctimtl  as  foilnws: 

<i.  Nh|m>  with  II  ctuiili  of  lilaiiitMitM  uii  ciicti  >\\W. 

h.  jH\i'M-tii-h  wit  till  mw  iif  r>triiiiKti't'ili<iiil\ ;  iiii)iiilHiiiirh'iMli:«1i>rNilt1iiiii>trhc4l;miiinhMiuill  ulrlainHtti)  .Malitrmifnit* 
lilt.  Jhws  (■Ar)i  with  n  ImimI  nf  villiftinii  tcrlli  U'liiiul  t)ir  ri>w  of  KlniiiK  tf«>th:  mouth  lanct*. 

c.  rHlaliiir  liM'tli  nolle:  ^piiioii«<  ilnrNil  fill  not  iiotr)ii-«1  ynurhiinnn*  i Ijepunvta 

rt'.  ralMtini>>  with  a  ivw  ^iroiix  teeth;  ri|iiiioiiK  i1or>al  tin  noti'lunl  iktitinhtrirt Erittrif 

nu.  Na|M>  with  a  mIiikIi'  tilaiiieiit  nii  eai-h  •<i(ie  i>r  with  none  at  all:  niotitli  Miiall;  Jhwh  with  anarniw  iMnd  iH^hlnd  the 

htmn^  teeth:  jialaline  teetli:  ilorNnI  with  tht>  fir^l  spine  lon>ri''>t  \nuturti\ Atiru 

Name<l,  at  the  nN|n«-Ht  of  Dr  Tliom]»H)n.  in  honor  of  Minn  Kalinher,  of  San  FraneiHeu. 
Blenniua  favoaus  <  hnmIi'  iV  I  Wan. 

lilt  iiHtiiit  /nttMimi  CiMnW  Ji  Keaii.  I'hk-.  I*.  S.  Nat    Mii^    v,  lv«2.  llii   (ianleii  Key,  Fh>riila. 

NnmeronH  examples  a^rc<Mn^'  very  rlox*ly  with  the  original  iU*Heription,  the  retieulatin^  llnt.7i  on 
the  side  of  the  hea<I  inrli>sin^  hexaironal  hnncycdiiih-like  areas  IttMii);  very  distinet.  aM  alanthe  hlaekish 
s|)ot  on  membrane  of  lirst  and  HM-ond  di>rsal  spinrs.  In  tlu-s*-  siH'i'imenH  there  are  very  few  dark  sixits 
on  binly  or  tins,  the  InHly  tH*ini:  plain  li;:ht  l)n>wn,  with  i»l)Si>lett'  darker  elonds.  The  multitid  eimis 
alNive  eve  is  charart^'ristit*. 

Th«'  s|MM'imens  fr«»m  tin-  I)ry  Tortnpis  notfd  hy  (iariiian  (  Hnll.  Iowa  l^b  Nat.  Sei.,  IKMi,  89)  a» 
liiniiilus  piflriirnls,  U'loii;:  to  this  siH-rifs.  whirli  snMiis  ii»  «liffcr  fmm  the  Brazilian  yW/icr/rffi>  by  the 
fewer  fin  rays  <  P.  \m,  IS.     A.  ii,  1'<M.     Th«*  trili«l  cirrus  is  rharai'teristie  of  lilriuutviifanuMii. 

Certain  other  s|K'<>im('ns  imm  IM*.  Thonip.'«<>n*s  rolltM'tinn  differ  in  ctdor,  hnt  Kecui  to  agree  in  ever}' 
other  respiH't.  Tlit'se  may  U*  females  of  the  same  s|H'eies:  they  an*  li^ht  olive  hmwn  with  K  dark 
crossbars  made  of  Mackisli  dnts;  interspan.'s  cl<is<>ly  .^|M-cklnl  with  blackish  si>otH  and  with  two  roW(<  of 
(linulrute  ]>ale  area.s  one  near  the  Uick,  the  other  near  the  U'lly,  sides  of  head  mottleil  but  with  iio 
di.*4tinct  honeycomb  marks;  a  dark  bar  U'lnw  eye;  dnpsiil  \tn\v,  with  small  black  dotn  nuuiemui*  oil 
spinons  dorsal,  few  on  .^oft  dnr>al;  a  black  s|H)t  coxerin^'  np{H'r  half  ot  lirst  nuMnbrane,  smaller,  hi^rher 
and  less  (Nvllatiil  than  in  the  true  i»r  male  /W«ox//^;  caniial  nearly  plain;  anal  nearly  plain;  blaek 
siNits  alon^'  kise,  a  dnsky  shade  ti>\\anl  tip  etids  <>f  rays  white;  |M-ctoral  and  ventral  plain;  two  dusky 
Inirs  acmss  Inwer  side  of  heail  U'liind  the  jaws.     Pr.  Tllomp^<nn  has  the  followinyc  notea: 

"  Life  color;  aloiiL'  Mde  7  shiny  bliie-wliite  s]i<its  with  a  tendency  to  Ih>  riH^taUf^ilar,  tijieof  |)ectoral 
ami  candal  oranp'.  pnpil  emiTald,  belly  from  \eiit  to  veiitnil  (ins  silvery  bine  white;  on  Hecijnd  dorsal 
spine  a  black  lilntcb;  at  base  < if  .^pin(>s  a  dr»t;  n|)iM'r  parts  olive  brown;  head  and  jfills  plain  dark  bn^wn; 
over  entire  Uidy  tiii(>  >|K'cklin^  of  rcil-brnun  il<>t^  l>i*low  and  dark  bn>wn  al>ove  middle  line.  These 
latter  are  in  a  rnw  fnnii  perlnral  t«»  tail. 

"Space  lM*lr)w  l>!ise  <»!  dorsil  spim'>  and  inp  rt>\\s  on  lnMly  in  che«'ken*<l  dark  brown  and  lighter." 

Family  HR0TIL1I).+: 

Ogilbia  cayorum  Kvermann  vV  Kenihill. 

Om- specimen.  1*  inches  lon^r.  apparently  iH-lnii^ini:  ti»  tbi»*  s|K'i'ies  Si-jiW  thin  And  en i bedded, 
not  a|»i»re<'iable  mitil  the  tisb  \-  partly  ilried. 

Color  pale  olivaceous  (pah'  fawn  in  ]ife),lH)dy  evi'rywlier*'  clo»*i'ly  dottinl  with  darker  oli\'e, 
]N)sterior  part  of  dorsal,  atial,  and  outer  two-thirds  of  caudal  reiiden'd  ilnsky  with  <lark  iiomtei. 

Several  other  ^^fH'cimens  «»f  this  sjwcies  were  ct»llected  by  l>r.  Tliomjison  and  sent  by  him  direct  to 
the  .National  Museum. 
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THE  l^CHINODKRMS  OF  TlIK  WOODS  IIOLH  RElilOX. 


By  HUBERT  LVMAN  CLARK, 
Professor  of  Biology,  Olivet  College. 


As  use<l  in  this  ro|)ort,  tlie  Wooils  Hole  iv<^i<)ii  includes  that  jwrt  of  the  New 
Entrlan^l  roast  easilv  acH*essihle  in  one-clav  <»xeursions  hv  steamer  from  the  W  S.  Fish 
Commission  station  at  Wo<^ds  Hole,  Mass.  The  northern  j)oint  of  Cajx*  Cod  is  the 
limit  in  one  dire<*tion,  and  New  l^>ndon.  Conn.,  is  the  opjKisite  extreme.  Seaward 
the  rej^ion  would  natuiiiUy  extend  to  aliout  the  l(><J-fathom  lin(»,  hut  for  the  j)uri)oses 
of  this  re|M)rt  the  o^-fathom  line  has  In^en  taken  as  the  limit,  the  reason  for  this 
bein^  that  as  the  (Julf  Stream  is  approached  we  me(»t  with  an  echinoderm  fauna  so 
totally  ditferent  from  that  alontf  shore  that  the  two  have  little  in  connnon.  This 
deep-water  fauna,  chanicterized  by  such  s|)eci(»sas  Anttfhni  th  nftifti,  Srhh«i'<itrfra4j!liM^ 
Axft'njf^rf* /I  iiiin r'n'tniux,  ctc.  Is  cxcecilinjrly  interestinjr,  hut  unfortunately  too  little 
is  known  al)out  it  at  present  to  make  a  rt'port  in  any  det^ree  ^jitisfactorv  or  complete. 
This  paper,  therefore,  concern*-  itself  only  witli  tlie  shallow-water  sj)ei*ies,  all  included 
herein  liavin<r  been  taken  in  less  than  4<>  fath(»ms.  and.  with  one  or  two  (exceptions, 
in  less  than  IT).  No  species  is  included  which  has  not  l)een  actually  taken  within 
thr  above-mentioned  limits. 

The  puriK)sc  of  this  article  is  not  merely  to  aid  students  and  collectors  at 
Wood>  Hole  to  identify  tin*  echinoderms  which  they  find,  but  also  to  furnish  descrip- 
tions and  tiifures  of  such  accuracy  that  students  of  (»chin<Hlerms  elsewh<»re  may  1k3 
able  to  determine  lM»vond  question  whether  th(»  sj)eci(»s  which  they  collect  are  identical 
with  tho>e  occurring*"  at  Woods  Hole.  At  present  very  few  of  the  connnon  littoral 
echintxlerms  of  America  are  described  in  such  a  way  as  to  make  their  jx>sitiye 
identirication  jHjssible  by  one  not  a  sj)ecialist,  and  <^o<j4l  tit^unvs  are  even  more  rare. 
Particularly  is  this  true  of  the  asteroids  and  holothurians.  Thanks  to  Lvman  and 
Alexander  A<j:assiz,  ophiuroids  are  well  descrilKnl,  and  echinoids  well  tij^ured.  In 
lK)th  the>e  cases,  however,  the  publii*ations  referred  to  are  not  only  inaccessible  to 
the  average  student,  but  are  out  of  print.  It  therefore  seems  wise  to  gather  into 
()ne  rejx>rt  all  the  echinoderms  of  this  region. 
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The  only  previous  list  is  that  of  Vorrill  (isTl.V/),  who  imiiios  2ii  species,  5 
ustrroids,  5  ophiiiroids,  4  i?<liin<»i(ls,  7  holotliurians,  and  I  criiioid.  The  latter, 
h(»>Vi'V('r,  and  oiio  of  thi*  ophiiir.ins  (Atujfltinni  nhdUa  Wrrill),  havo  never  l>cen  tiiken 
within  the  WcK>ds  lloh*  limits,  nor  is  it  prohahh*  that  eitluM-  occurs  there.  Of  the  5 
starfishes,  2  are  undouhledly  idt»ntiral  iAsffrttit<f(»rhtj<t  and  tr/Ufiidf/it)^  so  thei*e  are 
really  only  It*  }M)na  lide  WimxIs  Hole  spt-ries  in  the  list.  Diirinj''  the  past  four 
sunnners  5  other  speeies  {"2  starfishes.  1  hrittle  star,  and  2  holothnrians)  have  been 
collected  within  the  ahovc^-jriven  limits,  so  that  now  :i4  sjK^cies  are  pn)iXTly  credited 
to  Woods  Hole,  mon»  than  one-tiiird  of  whi«-h  an*  holt»thiirians. 

The  numi>er  of  species  listed  is  small,  hut  includes  representatives  of  two  quite 
distinct  faunas,  makin*;  the  rej^ion  on<'  of  nnicli  intt'rest.  The  southern  and  western 
]K>rtions  of  the  re<(ion  mark  the  n<>rth<'rii  limit  of  sevt*nil  distinctively  southern  siKH*ies 
(such  as  MflHtn  jh iiffijHu'ti^  (Pphinni  hr*  rtsjtitnu  Thijint*  hrtitnufi)^  while  the  northern 
and  east(M-n  |K»rtions  mark  the  soutln'rn  limit  of  several  distinctly  northern  species 
{^Soliif<trr  miln'n^  (fpIi!o(jltjjtli,i  lUthuHtu^  i  'nruimir'ni  frtmtlnxay)  It  is  interesting  to  note 
that  not  fewer  than  *.♦  of  our  ^1\  spi'cies  occur  on  tlu*  northern  shores  of  Euroj>e,  wliile 
4  occur  in  Hennudaand  the  West  Indies.  Oidv  In  can  hecaUed  connnon  in  the  Woods 
Hole  re<ri<)n,  and  4  of  th<vsc  common  only  in  very  restricted  areiut,  so  that,  unless  the 
exact  l(H*ality  is  known,  the  chances  are  at^aiiist  collecting  more  than  a  half-dozen 
sj)ecies.  Moreover,  tin*  <'ommon  spe<'ies  varv  »rreatly  in  their  ahundanco  from  j'ear 
to  year,  a  species  easily  found  one  sununer  heint^  hxtked  for  in  vain  the  next  season. 
For  example,  the  starfish  A^trrum  fnrhis',  was  very  alunulant  in  Woods  Hole  harlxir 
in  is*.*;");  in  isjM.J  it  was  almost  wantinjj^  and  oidy  small  spt'cimens  CK'curred;  in  15)02  it 
was  ajjjiiin  ahundant.  Similar  facts  could  he  irivt*n  ret,^ardin*f  the  common  sea-urchin, 
Arhni'ia^  and  the  small  re(l  starfish.  CrUn't/lii, 

The  lM\st  collectin»r  irrounds  f'or  echino(h'rms  in  this  region  are  undouhtedly  on 
the  shoals  east  of  Chatham  and  Nantu<-ket.  On  the  tishinti:  ground  known  as  Cmb 
Led^'^e,  off  Chatham,  in  alxmt  IT  fathoms  of  water,  we  collected  on  Au^ist  22,  UH)2« 

4  species  of  starfish.*)  )»rittle  sfars.  1  >ea  urciiin.  and  1  holotburian.  Southeast  of 
the  Kound  Shoal  li^dit-ship.  and  ahout  ^  mile.*^  off  Sankaty  Ileiul,  Nantucket,  in  12 
fathom^,  Au«rust  1/i.  Il*n2,  we  collected  4  spei-ies  of  starfish,  2  brittle  stars,  3  jsea 
urchins,  and  1  holothurian.  Of  tli«*  I*  specie>  at  Cnih  Ledoe,  J?  were  not  taken  ut 
Saidxaty,  whih*  of  the  lo  species  of  llu'  lafter  stati(Mi,  4  were  not  found  at  CtahLedg'e; 
moi'e  than  half  of  all  the  spi'cies  of  this  region  wiM't*  then'fore  taken  at  these  two 
stations,  ami  *J  otiier  spe<'ies  an'  known  to  occur  there.  In  Vineyard  Sound,  including 
tin*  <U*ep  water  off  (Jay  Head,  !.'*  species  have  Imm'ii  taken,  hut  at  least  S  of  these  are 
ran*  and  verv  seldom  occur  in  th«'  sound.  At  n<»  one  station  have  more  than  k\ 
speci<\<  Imh'ii  taken.     In  l>u/zanls  r>ay.  inchi<lin^''  the  deep  water  off  Cuttyhunk,  only 

5  species  occur,  and  1  of  these  is  extremely  rare. 

From  tin*  point  of  view  of  human  economy,  tin*  echino(h»rms  of  the  Woods  Hole 
n»^ion  arc  of  little  importance.  None  of  the  24  species  is  directly  valuahlc  for  any 
puri)ose.  The  lar«!ft*  Cnitmnirni  t'nnnlns*i  lias  occasionally  Ihmmi  used  as  f<Kxl,  and  no 
less  an  authority  than  Dr.  William  Stimpson  reconun<'nds  it.  hut  it  is  too  raiv- in  the 
Woods  Ihde  remon  t<»  hi*  of  anv  usi'.  The  starfish,  Asftritis  fttrhfst,  is  of  commeixual 
si«rniticanct»  wherever  ovsters  are  cultivatt'd.  hecause  of  its  dest ructiveness  to  that 
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mollusk;  hut  this  whole  sii))joct  ha^*  }>oeii  so  thoroughly  investigutod  and  rejx)rt^  by 
Mead  ("911)  that  there  is  no  reason  to  discuss  it  here.  As  food  for  fishes  some  of  the 
echinodernis  deserve  mention,  particularly  Echinarachnhts  par  ma  and  Ophinpholis 
acuhata^  which,  in  spite  of  their  most  unprepossessing  ap|)eanince  from  a  gastronomic 
p)oint  of  view,  and  their  firm,  calcareous  skeletons,  seem  to  l>e  important  items  of 
food  with  the  cod  and  some  other  fishes.  The  tilefish  is  known  to  feed  vc»rv  largely 
on  a  sj>ecies  of  brittle  star,  Amphinra^  its  stomach  often  being  completely  distended 
with  them.  The  smaller  holothuriansare  also  fre(|uently  eaten  by  fishes,  though  it  is 
at  least  an  open  question  how  important  an  article  of  diet  they  may  l)e. 

For  the  proper  study  of  echinodernis,  espi^cially  for  pui-jx>ses  of  identification, 
freshly  killed  material  is  the  best.  Alcohol  is  the  l)est  preservative,  and  should 
be  used  (juite  strong.  Formalin  is  worthless,  tending  to  make  the  tissues  swell  and 
become  slimy,  and  dissolving  the  calcareous  parts.  All  echinodenns  are  very  sus- 
ceptible to  Epsom  salts  (MgSOJ,  and  it  is  prolmbly  the  best  available  narcotic.  In 
most  cases  it  is  not  necessary  to  take  any  precautions,  and  the  salt  may  Ix^  added  to 
the  sea  water  at  once  in  considei*a})le  quantity.  With  some  holothurians,  however, 
more  care  is  needed,  and  the  salt  should  l)e  added  to  the  water  a  little  at  a  time. 
Once  thoroughly  stup)efied,  echinodernis  of  all  classes,  except  holothurians,  can  be 
killed  nicely  expanded  b\'  putting  them  into  alcohol,  50  per  cent  or  stronger.  Some 
holothurians,  especially  Thyont>  hriarvHn^  are  more  difficult  to  kill  satisfactorily,  and 
hot  water  or  acid  reagents  serve  the  purpose  })etter,  as  a  rule.  Of  course,  when  it 
is  desired  to  identify  the  s|>ecimen.  acid  reagents  should  carefully  l>e  avoi<led,  for  the 
calcareous  parts  of  all  echi!io<lerms  are  essential  to  accurate  identifi«ition.  and  espe- 
cially is  this  true  of  holothurians.  Starfishes,  ))rittle  stars,  and  sea  urchins  are  much 
more  easily  identified  from  well-dried  s|>ecimens  than  from  the  l>est  alcoholic  ones, 
all  important  specific  and  most  generic  characters  l)eing  Iwised  on  calcareous  parts. 
To  prejmre  dry  starfishes  or  i»rittle  stars.  tli(\v  should  Im^  thoroughly  narcotized, 
then  placed  in  fresh  water  for  a  short  time,  tluMi  in  strong  alcohol  for  twenty-four 
hours,  more  or  less,  according  to  size,  then  (lri(Ml  as  rapidly  as  convenient.  The 
colors  of  many  species  arc  readily  wasiuHl  out  in  alcohol  or  even  in  fresh  water,  so 
that  s|>ecimens  prepared  in  the  manner  just  described  nirely  retain  a  natural  color. 
It  is  said  the  color  may  l)e  preserved  very  sjitisfactorily  i)V  killing  in  5o  per  cent  alcohol 
and  drying  rapidly  by  artificial  heat.  Sea  urchins  may  be  prcj^red  in  a  similar 
manner,  but  care  nuist  l)e  taken  to  see  that  the  interior  of  the  animal  is  thoroughly 
soaked  in  strong  alcohol  l)efore  drying.  Most  of  the  specific  characters  of  all 
echinodernis,  except  holothurians,  are  easily  seen  with  a  hand  lens,  and  usually  with 
the  unaided  eye,  even  in  young  an<l  small  six^cimens.  But  for  the  proper  identifica- 
tion of  holothurians,  a  comi>ound  microscope  is  essential,  as  the  minute  jmrticles  of 
lime  in  the  skin  furnish  the  most  inqwrtant  sjxM'ific  characters.  To  examine  these 
all  that  is  nec(»ssarv  is  to  cut  out  a  small  piece  of  the  thin  l)ody  wall,  and  after  soak- 
ing it  in  water  a  few  minutes,  clear  and  mount  in  glycerin.  If  the  IkxIv  wall  is 
thick,  only  th(»  surface  layer  should  be  taken,  and  it  sho!ild  })e  treated  with  caustic 
potash  (10  per  cent  or  stronger)  })efore  l>eing  washed  in  water  and  cleared  in 
glycerin.  The  same  treatment  is  desirable  when  the  Ixxh'  wall  is  heavily  pigmented, 
or  when  the  calcareous  particles  are  extremely  numerous  and  crowded  into  more  than 
one  layer.  It  is  sometime^s  necessary  to  leave  the  piece  of  skin  in  caustic  potash  for 
several  da^'s,  especially  if  the  spe<»imen  has  }>een  in  alcohol  for  some  time. 
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Tlio  illustrations  for  tin*  prosont  n»imrt  woro  niado  in  :ill  but  ono  instnnci*, 
Trorhosfnimi  nnlff/ttnn  -fi'oni  spcMMUions  tukon  in  tho  Wo<h1s  Ilolo  rrjjiiin,  Tlio 
lij^-uros  showing,''  tho  rxtorniil  jipiHMinmce  of  the  diffrnMit  sihm'Ios,  und  tin*  donudod 
tosts  of  iho  soa  urchins.  jin»  from  photojfniphs  lujuh*  l>y  Mr.  J.  I).  Ki^^ins.  S<>  far 
as  possihh',  those  ]>hoto^raphs  wero  from  living''  or  freshly  killed  sinvimons,  and  are 
repr«*sented  natural  size.  It  is  due  entirely  to  Mr.  FifrjjinsV  |mti<»nce  and  persist4»iire 
that  the  results  have  lH*en  so  wnerallv  satisfactory,  and  it  j»ives  me  pleas!iro  to 
express  my  sinecure  thanks  to  him.  The  other  tij»'uivs  are  from  drawing,  and  aro 
intended  to  show  those  <'hanu*ters  whieh  are  of  importanee  in  the  identitieation  of 
sptM'ies. 

In  the  ehoiee  of  names,  I  have  en<leavored  to  make  as  few  ehanpi^s  as  {lossihle  from 
those  in  eonunon  use,  hut  pre-Liiunean  names  have  Immmi  reje<*ted,  as  no  j^ood  reason 
has  ever  l»oen  triwn  for  intr<Khiein<f  them  into  modern  liteniture.  The  name  of  each 
speeies  is  followed  hy  that  of  its  (hvserilKM*;  if,  however,  that  <h»seriher  did  not  place 
the  spet'ies  in  the  jrenus  in  whieh  it  is  n<iw  ineluded,  his  name  is  in<*losed  in  paren- 
theses. Then*  is  no  jro<Ml  reason  for  apptMidin^  the  name  of  tin*  writx>r  who  plaewl 
the  speeies  in  its  [)resent  <;enus,  and  the  eustom  is  had  in  its  effoets.  Popidar  names 
are  mvcMi  wln^re  anv  are  in  <*ommon  use,  hut  none  has  heen  coined  foranv  of  the  less- 
known  species.  No  attempt  has  heen  made  to  ^five  a  <*omplete  synonymy,  hut  the 
namc»s  used  in  the  most  important  jmiimm's  dealinj^  with  the  echinoderms  of  the  New 
Knj^land  coast,  and  in  standard  works  on  the  various  classes,  are  j^iven  under  each 
sp<»cies.  A  hihlioifniphy  also  is  appended,  in  whii'h  the  titles  of  such  works  will  he 
found,  and  there  is  an  index  to  all  names,  including  synonyms. 

The  work  upon  which  this  rt'port  is  based  has  }»een  carried  on  ex<'lusively  in  tin* 
laboratory  of  the  Tnited  Statt»s  Fish  (Commission  at  Woods  Hole,  in  ))art  duriujic  the 
smnmers  of  isiJs.  lsin»,  and  P.mm).  but  particularly  in  llM)t>.  It  jrives  me  pleasure  to 
lU'knowledj^e  my  indebtedni'ss  to  the  (\>nunissioner,  Hon.  (}(M)r^e  M.  Bowel's, 
for  th(»  opportunity  thus  <^iven  nic,  and  to  Dr.  II.  ^I.  Smith,  who,  as  director  of  the 
Woods  Hole   laboratory,  has  afforded  me  everv  facility  for  carrvintif  on  my  iny«»sti- 

ft  »  ft  •  ^^  • 

j^ations.  Like  all  oth<'r  workers  at  tin*  Wooils  Hole  station,  I  am  under  speeial 
obli<f.itions  to  the  vetenin  coIl(»ctor  of  the  Conmiission,  Mr.  Vinal  N.  Edwards,  who 
has  su])prM'd  me  with  many  important  (hita  <-oncernin<(  the  IcH'al  distribution  and 
habits  of  echinoderms.  Mr.  (ieor<re  M.  (Jniy,  of  the  Marine  Biological  Ijabonitory, 
has  also  assisted  me  with  information  and  specimens. 
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ECHINODERMATA. 

Railially  syiiiinftricjil  animals,  with  a  \vell-<lt»velo|>e<l  wat«'r-vasciilar  syptem. 
K'tv  to  Uw  cliuon*  iff  K^'hiiuHhTinata  of  the  HV>*k/j<  Ilifle  reman. 

Hinly  mor»' f»r  less  flHlt«»noii  <lorsr»-v»ntraIly.  with   Iho  mouth  nt  the  cm  tor  of  the   low«'r  surfari':  extonial  skeleton  well 
«IeveloiH'<l. 
Hoily  with  the  radii  e.\ten«Ie<l  as  more  or  l»*>s  oloiijjated  arms. 

Anu-s  unjoint<'4l.  with  n  l<»iiiritii«linnl  furi^»w  on  tlie  l.»wer  j»i<le.  in  whirh  are  the  nuinerouj*  tnln^  Uh'I Vsteroidca 

Amis  nuule  n|>  •;(  iiumorons  j<»iiit^.  without  sx  1  mcitiwlinal  furrow  on  the  lower  si<le OpinrRniurA 

BimIv  heinisi>hiTical  or  «li>^-oi«lal.  without  exlen«l«'<l  r.iilii Er'HisoiDKA 

B4Klynioreor  lesH  flongat*-!!.  witli  the  mouth  at  the  anieri<»r  en«i,  surrouiuhnl  by  a  eirrle  of  tentacles; 

no  welMeveU>|M.Ml  rxtemMl  skeleton HoLOTHfRioii>KA 

ASTERQIDEA. 

STARFISHES. 

Of  the  t>  stiirfishes  which  occur  in  the  \Voocls  Hole  region,  no  fewer  than  4  V)elong 
to  the  large  and  widely  distri})uted  genus  Asfrnn^^  the  species  of  which  are,  even  to 
the  present  day,  greatly  confused.  For  tFiis  reason  it  is  iniix)ssihle  to  avoid  the  lu^ 
of  some  technical  terms  in  the  artiti<*iul  key,  as  well  as  in  the  descriptions,  although 
the  endeavor  has  }>een  made  to  have  the*  descriptions  as  clear  and  free  from  techni* 
cjilities  as  possible. 

Following  are  the  terms  used  which  do  not  carry  their  own  meaning: 

Ah(irtinal=a\H}rA\;  opjMifjite  the  iiumth:  the  ii|>|H'r  stirfa<-o. 

Artinal=ord\\  the  lower  surface. 

Afiamhuhwral  *pi/j^.s=the  Hpines  lK>rne  on  the  plates  which  fnnn  the  inaivin  of  the  artinal  lon^tudinal 

fnrrow  on  each  arm. 
A inhufarral  furrotr= the  &rt'\nii\  longitndinal  liirn>w  on  i^mU  ann. 
Mndrej^re  p/tife  =  iho  nion»  ur  l«*ss  prominent  somewhat  rirrnlar  ImmIv  sitiiateil  al»artinally  in  one  of 

the  intcrra«lii. 
Oral  ;>//i/*';»=the  skeletal    plates,   espeiiaily   the   adamhuhural    plat«'s,   imnie<liately  surroiindin^c  the 

month. 
Papnf:*— the  tentaele-like  out;rrowths  of   the  ImmIv  wall  whiih   pn>jeet  l>etween   the  niefuhe^  of  the 

skeleton  ami  contain  pmlonjirations  of  the  ImmU'  cavity. 
Pufnihir  (ir*v/.K=spiices  occnpie«l  ]>y  papnhe  lH*twe«'n  tlu*  meshes  of  the  skeleton. 
/^///Vv/Afri;»  =the  minnte  forcep-like  miMlitie«l  spines,  consisting;  of  two  hanl  jaw8  move*!  by  moscleF, 

an<l  <Mciirrin^  in  many  starfish,  es|>ecially  on  the  alnictinal  8nrfa<»e,  and  at  the  l>af?e  of  the 

lar>re  spines.  ' 

It  nuist  l)e  added,  moreover,  that  no  description  or  tigures  will  sen'e  to  distin- 
guish positively  v(»ry  young  indivi<luals  of  our  4  species  of  Axtcnai<»  The  young  of 
forht'Mi  seem  to  lie  the  tirst  to  show  the  sjxH*iti(^  characters,  and  individuals  15  mm.  in 
diameter  can  genendly  he  recognized  without  much  trouble.  The  young  of  vv^/^//m, 
fV//<>?v/,  and  nustriui  resemble  each  other  so  closely  when  less  than  10  ram.  in  diameter 
that  it  is  practicjilly  imjxKssible  to  seimnite  them  |)ositively,  but  when  15  mm.  in  diam- 
eter they  can  usually  be  distinguished  from  each  other  on  careful  comparison,  and 
l)y  the  time  they  have  reached  a  diameter  of  20  nun.  the  specific  characters  are 
genenilly  quite  marked.  It  nui.st  1k»  l)orne  in  mind,  however,  as  shown  b}'  Mead  ('99), 
that  the  age  of  a  stiirfish  is  not  shown  by  its  size,  and,  furthermore,  that  spines  and 
|)edicellariie  increase  in  numln^r  as  the  age  increases.  Thus  some  small  but  old 
specimens  may  have  the  specific  characters  well  define<l,  while  others  nuich  larger 
but  voungfer  mav  have  them  Imrelv  indicated. 
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A>i/  !•>  ihf  . \tlin>iiU  "ftlif  Wfnh  Hole  n-ffinn. 

Kiij-«  nniBli  mill  "|ilry,  tlnit  llu"  iiirnliiTi  ii(  Ihi'  Kki'lclikl  m-lwork  uri>  i'hbbw  ntnl  iBiir  pmmlnpTil  Hiilnc*. 
■InRl)-  or  III  Knnipii  oF  »  nr  t;  iHulii'TlUrUi'  niiiniTi<ii«;  lii-l  In  -I  liniKllii'tlnMl  ri<wH  In  pupIi 
furrow. 

Ailiilt-^  I illir  "ViT  lun  III11I.  In  lUamcti'r:  iMjiulir  nnmi-nHw  In  imwii  KmupH. 

]CiL]-K  li'n'lliie  I"  )>■>  I'yllnilrli'ikl  mill  Miiiil:  NkclMiHi  iiulto  llnii:  nfrinni  rulhcr  frir  knil  i-iinne; 

pnlln-lUrliv  <iii  wlnmlnilni'ml  I'liiMHhiirl  mul  lilniil:  nuuln-[iiirr)il*li-  UMullr  brlKhl  urangp.AKTRarA^  fiiriiim 
Kajv  trniUnic  to  In-  Mimi-wluil  lUiltLiiiri  anil  u-iunlnati-:  Kkclcliin  i>|>vn  nnA  ntlirr  nilr:  ifdiini 
nuini>nuii.  t<-iiillnK  lo  lomi  n  nnticrablv  mulliiii  loUKilinliniil  nnr  on  thp  ubwllinil  nhlo  of 
vw'h  t»s:  iinliit'lliirin'  mi  wlaiiilnilni'Tiil  iiplniv  niiroiTniui.  hmR.  nlimilrT.  anil  ahani;  iniulTC- 

piHV  |>Uti-|iali' AKTiEititii  vrrnAKiH 

AdnltH  lumnllr  mwh  Ii-w  than  m)  mm.  ln<IUmchT  ispnlii-  lew,  I.^L  "ril  In  it  ]>!■»,>. 

Ksin  IvnilInK  (<•  Iw  cyllnilrlnl  ami  taiarlnK:  Kkvlrlnn  mialvTalrljr  fliai.  wllh  niimiwnu  Kplon: 
|«illwllaiiii'  wry  iiiimmiiiH.  r«|>n-lHlly  nii  ni-thial  Mirfw-i-.  Iimnitiji  vmtlw.  irpniVBll)'  Tcrj- 

nfitlii'alili-,  on  thi'siplnvflhint- Ain-itKiAfi  TRMiat 

Knyii  dcphlpiUy  OaUrmil,  Talhra  whir  anil  liliint:  ■krliiton  mam'  anil  vi-r>'  llrni:  tftm*  fvw: 
piKlln-llBTln'  on  HilainlniliiiTBl  iqilniii  frw  niiil  lilnnl.  Iml  a  pmmini'iit  n-tiv  nf  Ihiiii  Jiiiil 

irlMiin  tlii>  (iliin  n[  the  ambulacnl  (iimiw Ahtrhiah  Krntr.Kx 

Riij>  miluT  amimih.  uliKV  thi?  nnwhwi  o(  llu'  hIepIi-IbI  iiitw.irt  ari>  linn  ami  luiir  iuiniiTim»  vi-rr  >mat1. 
ilrliMle  iqilni'H:  no  |H?<lircllarln';  Iii-1  In  i  ronn— 

Wllh  AorGtayn ('riiirkli.a  iu!n>DiK<iI.KirTA 

Wllh  SI  ti)  II  ray* ftaiLtirriR  EwnKf 'i 

1.  Aat«riM forbeai  (Diwir).     Ilmiiwm  nt'irfiih.     (TI.  1,  I1|n<.  I.J-.  |>l.  4,  I1|ik.  U.I.'i.I 

Artcraca,,lhlo«/,.,l^.l  ln--.r.  IWK. 

A>l,ri.»J-H.,ll  ViTTlU.  IW.  .-l  «-(.' 
/Vw-ri/iri''ii,.— ItaivM  iiiiniially  n,  iHiiifiiiiiiHlly  li.  run-ly  4  or  7.  K=7ri  ti>  V.IO  mm.,  r=10  to  2.'i  mm., 
K=4.r>  til  H  r.  Ilrcailth  nf  ray,  ni'ar  1>hm-.  l.'i  t<'>  :MI  nini.'  K^:t..'i  to  ^  It.  Itiiyx  xlnnl.  blunt,  uttl  fuitnc- 
wliat  riiiNiliil  at  tiii;  tl|i,  akirtjiiul  Hiirfiuv  nnriiiiilly  uri'litvl.  IHnk  nuHli'rati'iir  lar)io,  often  highly 
ari'liiil.  Iiili-rlirw'liiul  an'n  nitlu'r  anili-.  .Vlnirthiai  ari-ji  iiivitihI  witii  >4init  {ilaltv,  dnecly  ivililcml 
ti>t.i>tli<T  ijit'i  n  linn  Hkoli'tmi.  wiili  tin  rmiKtiiiitly  niniliir  arraii^ctiicnt.  Thiw  plati-s  aury  iiiii>;li- 
]iniiiii]ii'iit  fpiiim,  1  tn  'J  iniii.  IiIkIu  wliirh  an'  lunially  liliiiil  iiikI  miiml<-ly  nint;li  »r  Ihomy  at  the  tip, 
l>iit  in  yi'im^  iiiiliviiliialH  iiiiiy  1h>  >|iiiti'  slmrp.  AIktiiI  tin-  Ium'  <if  tlii-M'  laryi'  Hpiniw  are  oftpti  graujml 
li  t'l  4  HiiialliT  imiti,  O.'i  111  1  mm.  Iiijili,  ulwi  bliinl.  All  tlii'  Miiinm  iin'  iiuir«  or  1(wh  (wily  endivli>it 
iilHiiit  iiii'lway  Ix-tuii-ii  Inu'i'  uii<l  ti]>  wllh  a  I'litstiT  of  very  rimall,  lilmil  i>iiliivlliiriit-.  Kcattorvil  iiiiin- 
or  icm  fni-ly  all  over  tlii'  aliai'liiial  HUrliiif  iirt-  ]N'<Iii-«*llartM'  a  littlti  It-HH  liluiit  mut  wtmewhat  larger. 
Siili-H  of  riiyH  well  niiinil<-i1,  liiit  orti'iilitmii  with  a  wi'il-ilciiiuil  loDtiitnillnul  arran^mcnt  <>(  K|)inti<, 
ulHiiit  liiilfway  Ix'twd'tiiu'tiiial  ami  alnuiiniil  Miirfaiiw.  Ih'low  thii>r<iwir>aHiiaiv  of  vi-ry  vaiial>k>  wiilth 
wiiirli  'u'  iii-milly  fri'i-  (mm  H|nii(-?i  Iml  U-arf  a  few  walU'riit  |>i>(liii>IUriir.  Iteiit'ath  thin  i)incp,  an<l  well 
111)  to  tim  a.liiiiil  Hiirfaiv  of  Mil'  my  ii"  a  )>roiiii]if[it  loiiKiliiilimil  m'Hitii  of  ]>liil(>ii,  pai-li  of  which  htani  an 
"lili.|iii-ly  arRiiiKiHl  [lair  ..r  trioi.i  vi-ry  ]>r.iiiiini'iit  K|iim-H  (like  tlioiH' "f  ihe  alHii-linal  nirfan>,  and 
u*n-atli(H)  1>y  jitiliivllariii-  In  tin'  kuiii- way],  nf  whirh  the  nioi<t  itiHliil  ix  m'an-st  llu-  nmliiilorral  fiimiw. 
Thin  wTii'N  in  ii.iiiitlly  rU-urly  .li'iiiivil,  Imt  in  somi'  imliviiliialH  it  iw  mim'  or  lew  irn-Kiilar.  Hetw«'n  it 
3n>ll.1ioa<laml>iila<-ralH|>ini-ii  in  al'iti)!itiiilinally<'Xlfii<li-ili'|iiui',  whirh  may  lie  piTfii'tly  nitcniuiilorru- 
jiitii  hy  only  a  fi'w  |<iilii'i'llariir,  Iml  in  many  M|H'c'inifni'  m  iilililfrattil  liy  a  pin^li'  writ*  ot  iHryi' R[>inefi, 
whii'h  an;  inon<iirlcn<itc|iianM'iit  crrvi-n  Huvati-at  tliiM>iiil,  anil  an- often  hiliKhtly  lii'vcl«l  on<mttKiilp. 
Tlii'pn-wnii'Oniliiieiiii'of  Ihirt  rcmiiincit  amattiTof  mxi;  lint  it  is  vt'ry  j)nilialily  aniatt«!rofa(w,  lhoii|;li 
lliiitisiiolyet  iinmil.  Ailanilniliienil  |>1alcH  wllh  1  orL'  iiiHiially  2)  nitherlun)!(li  ti>4min.),MiHiewhat 
llalfi>niii  iind  slfmiiT  c[iini'i<  isjiiiin'  i-nl  nr  lihinl  Ht  tlip  eml,  nnil  many  of  lliem,  tviHi-ially  near  thff 
nionlli,  ImirinK  niiibII  blnnt  {tt'iliii'llaTiii',  though  tliei<e  ure  of(t>n  wanting  in  yoiinK  iniliviiluale.  In 
HH]Ht-i iwitli  U— L'4  mm.  tljen'  an'  al>iiil<illii<laniliiila<Tal  ]iliitei<on  eai'li  iijileof  th<-  nmhiilacn)!  fur- 
row: in with   It=<l7  nirii.  thin'  are  nlHUit   IIIO;  ami  in  one  with  K^KO  mm.  ther«  aro eltout  130. 

Ora^H[linl'^'  n»t  |ni'nliar.     Taimlar  ]m'iu>  variiililt^  in  fixe,  lint  iiinially  lart^>.  with  numcmua  papulio, 

([enenttly  5  or  n-  in  iiu-K  ^'ronp.     Ma<ln'|Hin'  phile  nf  miHlerate  pixe,  '2  tn  Ti  mm.  in  diameter,  with 

niimeronit  iiHrniw  furrowji,  anil  nnt  iinrromi<l(-<l  by  any  Pin-eial  ein-lcnf  Hiiineii.  Tnlic  fe«t  qnodrtRerial, 
ernwiliil.  Coinr  in  lifi'  very  variiilile:  the  inowl  I'limnuin  Hhadtf  Bn>  hntwn,  inirjile,  nranBe,  pw«,  anil 
lin.iwj'.  Sj.inrH  ^I'lierally  lij;bt  and  mail n-jii ire  plale  innmlly  hritiht  orantie-reil.  After  dmth  the 
IjriK'it 'ill'"  iin- nenemlly  ItiHt  and   in  iin-scrvi'd  >i[H-eimenK  the  nia<ln.']Hir«  pl^h' >»  Hi'ii&b]' y^how  or 

Jto../..— Maim'  lo  III.'  I  :nlf  i.f  Mi-xii-o.  nir.'  or  l.«ul  north  of  ('n|«'  Ann;  low  watM  to  27  fathoms 


«.U.  S.F.  c.  twi. 


nnl  irtipl.— 1.  Abonl  riew.    1  Onl  rlew. 
itiinir  fiirt.— 3.  Almnl  tIi-w.     4.  Onl  vIpw. 
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Rem(irLA.—Th\i*  is  the  common  Ptarfish  of  the  Woo<1h  Hole  regi«>n.  It  oocnrs  abundantly  in  the 
harbor,  in  Vineyanl  S^mml,  and  in  Bnzzanls  Biiy.  It  was  originally  <U*j»cril>e<l  from  the  Fhoals  of 
Nantucket,  but  we  did  not  find  any  off  Sankaty  Head  or  (Vab  I^^ljre.  It  is  most  common  near  low- 
water  mark,  but  occurs  down  to  18  or  20  fathoms.  The  habits  have  lieen  ol^served  and  dewrilKHi  so 
well  by  Mead  ('99)  that  any  account  of  them  here  would  l>e  suj>erfluous.  The  larval  stages  and 
development  of  this  si>ecies  have  Invn  «lescril>e<l  by  A^ssiz  ('77i,  but  curiously  enoujrh  little  has  been 
done  on  the  eml>ryoloj;y  durinjr  the  i«ist  twenty-five  years.  The  younjr  stars  occur  in  jrreat  abundance 
on  the  eel»rnu<s  in  the  Va'\  Pond  at  WimmIs  Hole  durinj:  Aujrust.  The  jrn'at  variety  of  color  in  the 
adults  has  yet  to  1h»  explaine*!;  it  is  api»arently  not  a-^^soi-iattHl  with  a<re  or  sex,  nor  has  its  correlation 
with  the  environment  In^en  j>rove«l. 

2.   Aflterias  vulgaris  Verrill.      Xorfh*rn  utarjUh.     i  PI.  1,  tijrs.  .S,  4;  pi.  4,  fip*.  Ifi,  17.) 
AMerifift  ruWnf  (ioiiM.  IMl. 
AtifTiicnnthifm  tuIhua  I>fv«>r.  \M^. 
A*ttracitnlhiim  vif^liU't  mx  stimi««4>n,  is.'^. 
Afttmcnnthitm  rf//M«x  J^timiisori.  ISTvi. 

A'4rmctinihioHjnilli'ht*X.  Apftssiz.  lS»i:'..     No  «U-s<Tiptum. 
A^rriojt  ritlg^iri*  Packftnl.  1  VL't.     N«»  <l«'<uTiptir>n. 
Aftrrin*  nihi*iri*  Verrill.  iNii'.  <'t  seq. 
Artirin*  ittimpt^/ni  Verrill,  1S«V;  tpars.  i. 
Aitirrias  jpfiUuin  r,oU).  \>^. 

Dfjtrriptiot}. — Rays  normally  o,  nin'ly  4  or  r>.  R=7.">  to  150  mm.  or  even  more,  specimem*  425  mm. 
in  diameter  l)einj;  n'jMjrttnl  fn»m  Nova  8<fiiia,  r=9  to  .'{0  mm.,  R=4.5  to  S.5  r.  Breadth  of  ray  near 
base,  15  to  30  mm.,  R=.3.5  to  5  br.  Rays  more  or  less  flattene<l,  the  side*i  somewhat  vertical,  tapering 
to  a  more  or  lea?  acuminate  |>oint.  Disk  usually  rather  largi»,  sometimes  considerably  arched.  Inter- 
brachial  arcs  somewhat  acute.  Al>a<*tinal  an'a  coven"*!  by  a  network  of  narrow  plates  with  large 
meshes,  not  forming  a  very  tlnn  skeleton.  Almost  always  there  is  a  merlian  longitudinal  series  on  the 
ann.  with  laige  i»apular  areas  (nunetimes  4  or  5  mm.  across)  on  ea4*h  side.  All  the  plates  bear  blunt 
spines  1  or  2  mm.  high,  usually  singly  but  fH*casionally  2  or  3  together.  The  spines  are  rough  or 
minutely  thorny  at  the  tip.  and  are  encircle<l  by  a  more  or  less  complete  wreath  of  pedicellariw, 
which  are  remarkably  blunt.  Pt^lia'Uarije  si-attennl  over  aliactinal  surface  much  larger  and  quite 
acute.  Along  side  of  ray  a  very  well-marke<l  lateral  series  of  spines,  below  whi<'h  is  a  longitudinally 
extende<l  area  of  greater  or  less  extent  <|uite  fn*e  from  spines,  but  with  numerous  pedicellaria*.  The 
lateral  series  varies  greatly  in  fMisition,  in  some  sj>ecimens  l>eing  quite  near  the  alKU*tinal  surfa<'e,  while 
in  others  it  may  1h»  s<"ircely  visible  when  seen  from  alnne.  It  is  made  up  of  plates  bearing  2  spines, 
side  by  side,  s^»  that  there  is  ap|>arently  a  single  line  of  spines.  In  older  specimens,  however,  there 
is  often  a  third  spine  Wnejith  the  distal  one  of  each  f>air,  and  fre^piently  a  fourth  spine  occurs  above 
or  l>eside  the  j>roximal  one.  Well  down  on  the  actinal  surfa*-**  of  the  ray  is  another  series  of  s{)ines,  the 
largest  an<i  most  pn  uninent  of  all.  Thes*'  are  u.«ually  over  2  mm.  in  length  and  are  often  3  or  4  mm.  long; 
they  are  very  blunt,  evt-n  s^piare  cut  or  clavate,  in  some  spe<*imens  dtH*ply  so.  Three  spines  form 
an  ol>lique  row  on  each  plate,  the  most  <li.«tal  l)eing  nearest  to  the  andmlacral  furrow.  Although 
these  spines  l»i»ar  iK*di(vllari.'e,  often  in  great  numl»ers,  they  are  not  so  nearly  wreatherl  by  them 
as  an*  the  abactinal  spines,  .\dandmlacral  plates  with  1  or  2  (usually  2)  rather  long  (2  to  4  mm.) 
somewhat  flattene<l  slender  spint^,  ixunt^^l,  square  cut  or  clavate  at  the  en<l,  most  of  which  carry' 
from  1  to  6  long,  slender  and  very  acute  pt»<licellaria»  (fig.  17).  A  f^w  small  pe<licellariie  occur  on  the 
arlambulacral  plates  within  the  furn)w.  The  acute  pe<licellaria*  on  the  ailand>nlacral  spines  are 
pn^sent  even  in  verj' small  individuals  (15  to  20  mm.  in  diameter).  Adambidacral  plates  are  more 
numerous  in  this  specit*s  than  in  any  of  the  other  fonns  of  At^rriax  oc<'urring  at  Woods  Hole.  In  a 
s[K»cinien  with  R=18  nun.  there  are  fv)  or  more  plates  on  each  si<le  of  the  furrow;  in  another  with 
R  — 24  mm.  there  are  al>out  75;  in  another  with  R=37  there  are  only  about  110;  in  another  with 
R  =  107  there  are  not  less  than  170.  Oral  spin(»s  not  i>eculiar.  Papular  areas  generally  large,  with  3  or 
more  papule  in  ea«'h  group.  Madrepore  plate  of  moilerate  size,  2  to  5  mm.  in  diameter,  with 
numerrius  narrow  furrows,  and  not  surroundt^l  by  any  special  cirele  of  spines.  Tul»e  feet  qua<lriseria], 
crowde<l.  Color  in  life  very  variable;  the  most  common  shades  are  yellow  and  puri>le,  bat  cream- 
colore<l,  yellow-brown,  bn>wn,  orange,  pink,  and  even  bright  re<l  individuals  occur.  Spin<«  generally 
light,  and  madreix)re  plate  light  yellow i-sh. 

Range. — I^brador  to  Cape  Hatteras;  but  south  of  the  Woo<ls  Hole  region  rarely  seen  in  shallow 
water;  low  water  to  35S  fathoms. 

Rniwrks. — Although  less  cr)mmon  than  A,  forbesi^  this  species  occurs  in  abundance  in  many  places 
near  WckmIs  Hole.     In  the  harbor  it  is  cH*<'asionally  found  with  .4.  forhftti^  and  specimens  have  been 
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dewTilxNl  t«»  ino  whieh  wen*  apijarontly  hyl)ri<lM  l)otwtH»n  the  two  speciefi;  but  I  have  never  s?en  Rich, 

nor  any  individuals,  however  niiiall,  whi<>h  <*ouM  not  rea<lily  he  amigne^l  to  the  proi»er  8i)e«'i(»s.     Even 

I  when  ordy  10  mm.  in  diameter, /or/w/f/  haw  a  mu<'h  stouter  appearance.     Young  Hj>ecimcns  of  vulgarut 

i  wen»  taken  in  Au>rii**t  off  (iay  Head  an<l  (*uttyhunk,  afl  well  a«  at  Crab  I>»<lge,  and  off  Sankaty  Head. 

I  MoHt  of  the  a<hdtH  tak(*n  in  the  WixmIs  Hole  n»j^on  are  h^na  than  180  mm.  in  diameter.     Tlie  beat 

8]HM'imenH  that  M'e  colle<'te<l  wen*  biken  at  Crab  I^Hljje.     The  habits  and  development  of  vulgaris  do 

not  fHHMn  t4»  differ  essentially  fn>m  tho«»  of  forftesi,  though  pome  slight  jlifferences  in  the  eiirly  stages 

I  have  l)e?;n  notinl  by  A lexand(>r  Agassi z  (*77).     The  larval  stages  have  l)een  well  di»8<'ribtHl  by  Fiehl 

('92),  and  further  j>oints  have  Ik'CU  carefully  investigated  by  Goto  ('98).     As  in  the  erase  of/((>r/>#w,  the 
gn'ut  variety  of  <'olor  chw^s  not  WH*m  to  1k»  jmsoeiate<l  with  either  agi*,  sex,  or  environment.     All  of  the 
I  ejirlier  writers  regjinled  this  sptM'ies  as  identi<'al  with  AHterinA  ruitenn  of  Europe.     Stimiwon,  early  in 

'  18(W,  first  suggt»st4»<l  in  a  private'  letteT  that  it  ndght  i)n>ve  distinct,  and  proposeel  the  name  rulgiirin^  but 

t  he  g:iv<»  no  tlescription.     I^te^r  in  the  sjum^  yeiir  Alexan<ler  Agassiz  pr<^jK)se<l  the  name  ;ki//iV/im,  but 

I  gave  no  ailetjuate  description.     Still  lat<'r  l*:u*kanl  use<l  the  name  tnityam  Stimjison,  inapublishiHl  list, 

;  but  lie  also  failed  to  give  a  <leM'riptiou.     Finally,  in  18(58,  Verrill  publishe<l  a  description  un<ler  the 

name  vulgaris  Stimjison.  (Mearly,  however,  »^timi>son's  name*  is  the  Ixarest  kind  of  a  7iomen  nudmn^ 
and  Verrill  is  proiK»rly  the  descriln'r  of  tlie  spiH'i<»s.  Whether  it  is  really  distinct  from  Asteriaj*  ruinous, 
however,  hiis  never  yet  l)een  prove<l,  and  Verrill  ('7(i)  now  thinks  they  may  pn>ve  identii^l. 

3.  Aflterias  tenera,  Stnn])S(m  (pi.  2,  figs.  r>-7;  pi.  4,  figs.  20,  21). 

Artrriag  totem  8timp*«on,  1H62,  p.  2fi0. 
AHitriat  ctmipta  StimiiHon,  18<;2,  p.  270. 
f  Artrmcanihion  fiiw^'ida  A.  Akhmt  I/..  1H«W. 
lA^Aixairria*  coinpta  ViTrill,  1H73. 
I^ttcutteria* itnira  V e rri  1 1 ,  1 S7 4 . 
Artrn'ni*  { I^fjUnfirriop)  rainptn  Shirlcn.  is«9. 

Df'wrijition. — li^iyso,  rarely  4  or  (>.  K=.'»0  to  40  mm.,  r=4  to  7  mm.,  R=fi  to  7  r.  Breadth  of  ray 
near  b:i.«e,  5  to  10  nun.,  K=4  to  6  br.  I^iys  not  flatttMUMl,  nearly  terete,  slen<ler  and  |>ointtHl.  Disk 
small.  Interbnii-hiul  an*s  ueute*.  Aluictinal  area  c(»ven*<l  by  a  fine  network  of  narrow  plates  with 
nither  large  meshes,  forming  an  ojk'u  but  fairly  firm  skeU»ton,  with  no  clearly  defineil  me<lian  row  on 
the  ray.  All  the  j>lat4»s  <'arry  j)rominent,  though  nither  delicate,  sj)im»s  al>out  1  mm.  long,  more  or  U»s8 
n>ugh  and  pointe<l  at  the  tip.  Theses  spiiu^,  except  on  the  <lisk,  are  en<*ircle<l  at  or  near  the  liase  by 
mon»  or  less  «'omplete  wn»aths  of  blunt  jKnlicellarije;  the  contrast  between  disk  and  rays  in  this 
respi'ct  is  often  marktnl.  Pedicellaria*  most  numen>us  near  the  tip  of  the  ray.  On  sides  and  lu^tinal 
surface  of  rays,  the  si)ine«  are  somewhat  larger  and  tend  to  fonn  longitudinal  serit»H  of  single  spines 
plaird  side  by  side.  There  are  generally  four  such  series  quite  clearly  defined,  of  which  the  one 
nean'st  the  ambuhu^ral  furrow  consists  of  the  largest  sj)in(*s.  In  all  the  seriw  the  spines  an^  more  or 
U»ss  <UMisely  wn'athed  with  iHMlirellaria*  which  lHM'om(»  mon»  numen)us  appniaching  the  ambulacral 
fum)w  or  pjL«sing  towanl  the  tij>  t)f  the  ray.  AilambuliU'nd  plates  with  I  or  2  slender  spines  2  mm. 
long;  at  middle  of  my  plate's  <'arrying  1  spine  tend  to  alternate  n»gidarly  with  those  carrying  2,  but 
at  lH»th  base*  an<l  tip  of  niy  the'  j>latev  more  fns|uently  lK'4ir  a  single  spine.  Adahibulacral  spines 
with  numerous  jK'dieellarije  which  ofteMi  fonn  wn»aths  al)out  the  spines  ne*ar  the  middU>.  Similar 
jH'dii'ellaria^  also  occur  on  the  adambulae*nd  plates  within  the  furmw.  Adambulae*ral  plates  rather 
less  numerous  than  in  vuhjariA;  a.s}H'cimen  with  R=18  mm.  has  alnnit  60  plates  e>n  eae*h  side  of 
the  furrow;  another  with  H=24  has  al)out  (W  plates,  and  in  one  with  R=37  then»  are  al>out  100. 
Oral  spine's  not  pe'culiar.  Paj>ular  are*jis  e>f  m(Mlerate'  size,  with  few  papuhe,  usually  \  or  2,  in  €»aeh 
an'a.  Madre^jx>n>  j)late  small,  with  few,  nithe'r  wide  furrows,  surn>un<leMl  by  an  inqnTfe'e^t  e-ire^le  e)f 
6  or  S  spines.  TuIk^  fe'ct  ijuadriserial,  but  not  e'n)w<UHl.  (^)lor  in  life  varying  fn)m  purjilish-pink  to 
m»arly  white,  the  smallest  ones  having  the  least  eM)lor;  ma<lrej)on»  plate  and  sj)ines  nearly  white. 

Range. — Nova  Scotia  to  New  Jersey;  in  14  tt>  85  fath<nns. 

Remarks. — This  small  starfish  is  very  e'ommon  off  Sankaty  Head,  but  we  elid  not  collee»t  any  speci- 
mens at  Crab  l.»edge»,  nor  has  it  be'en  take^n  in  Vineyard  Sound.  Verrill  ('73)  reconls  it  fre>m  south 
of  Marthas  Vineyanl  in  20  to  25  fathoms.  A  careful  stmly  of  Stimpson's  ('($7)  original  elese^riptions 
of  triura,  base^l  on  20  specime*ns  Inmi  Massae'husetts  Bay,  and  rompUiy  Ixasenl  on  a  single  individual  3 
inche's  in  diame»ter,  has  convine-ed  me  that  the  two  fc^rmsan^  identical,  and  this  l)elief  isce»nfinned  by  a 
comimrisem  of  numerous  s|KM>imens,  undembteelly  fniera,  taken  off  Sankaty  Head,  with  2  large  specimens 
(72  mm.  in  eliameter)  lal)ele<l  vompta  in  the  eolleetion  ejf  the  Fish  (/ommission  from  outside  the Woexis 
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Hole  rcjrion.  Tlif  latter  were  proljably  i<lentifie<l  by  V«'mll.  SladtMi  ('89)  expresRcd  hiH  sui^icion 
tliat  inu'ra  an<l  riiinptn  were  'ulentical,  but  o\vin«;  to  laik  of  inaterial  withbeM  hb<  <leeij*ion.  Verrill 
('95 1  tbinkn  teui^rn  is  a  iMxirly  lumrisbe*!,  slemler  variety  of  nnn}ttn^  but  the  name  teiitm  ha^  precedence. 
The  group  of  startish  ^  rejjanleil  a.^  a  ^«.'IULS  by  Verrill  and  a  8ul)pMiu8  by  Sladen)  calle«l  Tjeptatierion, 
and  iurlu<liug  Onura  and  one  or  two  other  forms.  d<»es  not  fH'em  to  res«t  njMm  characters*  of  sufTicient 
imi)ortance  and  constamy  to  warrant  recojrnition.  Wry  little  is  known  of  the  habits  <»r  development 
of  AsttTui^  tmerti,  thoujrh  the  latt«T  is  said  t»  Ik'  witliout  metamorT.luisis,  the  young  In^ng  care*!  for  by 
the  mother,  to  whom  they  are  attarhe<l.  Whi'ther  this  s|HH*ies  is  r<»ally  distinct  from  AiUerifM  mulleri 
of  EuroiK*  remains  t**  Ih'  prc»ve<l. 

4.  Asterias  austera  Verrill.     .  V\.  1,  W^.  S,  \^\  pi.  4.  Wj^.  IS,  19.) 

AgUria*  aufti  rn  Verrill.  l**^'). 
Descr'i[)l'inn. — Rays  5.  R  — 24  t<»  'X^  nmi.,  T~i\  to  10  mm.,  R=3.5  to  4  r.  Breadth  of  ray  n<»ar  hsge 
f>A  to  10  mm.,  R=3.5  br.  Rays  rather  short,  wi«le.  and  depn'S8<<><l,  somewhat  angular  from  the  promi- 
nent row  (A  lateral  sj)ines.  Interbrachial  an-s  ratlu  r  acute.  Aliactinal  area  covere<l  with  rather  stout 
plat«*s,  apparently  with  no  nyular  arrangeniint,  t!:  »  me<lian  radial  series*  lieing  ver>*  zigzag.  These 
plati-s  are  very  thick,  thuuirh  the  width  is  <juite  variabh'.  They  carry  short,  very*  blunt  Fpines,  con- 
siderably U*ss  than  1  mm.  in  l«*ngth.  Spint*s  of  the  median  radial  8(*rieg  sometimes  noticeably  lainzer 
than  t!ie  disk  spin<»s.  V^v\\  spine  is  encinled  at  th(»  l>a**e  by  a  few  small,  blunt  peilicellariie,  usually 
from  4  to  10  in  numU'r,  but  these  are  often  waiitiuT  on  the  disk.  Occasional  isolate^l  pe<licellariie 
of  nuii-h  larger  siz<»  rM-rur  srattere«l  here  and  there  <»n  the  aliactinal  framework.  Sides  of  ray 
jinu'tirally  verti«-:il,  the  upfK-r  e<1ge  l>eing  markeil  by  a  serii^  of  18  to  28  lai^gi^  stout  plates,  which  start 
at  the  level  of  the  disk,  abai'tinally,  an<l  run  distally  with  a  downwanl  slope,  so  that  the  side  of  the 
ray  is  almost  twice  a^  high  at  b;u*e  a**  at  tip.  Eaih  of  these  plates  ^-arries  a  prominent,  stout,  blunt 
sj>ine,  al>out0.7  of  a  nun.  long.  i-ncinliMl  at  ]>a.<t»  by  a  cliL^ter  of  8  to  15  small  i)e<UcellariiJ  on  the  upper 
and  outer  side.  Between  the  two  st-ries  of  spines  the  lateral  surfa<^  of  the  ray  is  fret»  from  projections 
of  any  kind,  excej)t  o<v:L<ionally  a  few  large  iH^liivllaria*.  I^tween  the  actintvlateral  series  and  the 
ailambulacral  plates  then*  is  apj>arently  only  a  single  row  of  plates,  and  these  are  usually  confined  to 
IheUtsiil  half  of  the  ray.  They  often  I H*jir  stout  spines  nearly  1  nun.  l<mg.  which  are  apparently 
opjK>site  and  not  alternate  with  the  spines  of  the  actino-lateral  series.  They  have  no  cluster  of 
jKHlii-ellarise  at  the  bii.*^%  ]»ut  S4Hiietiiiies  lit»ar  one  or  two  small  j»t»<li<vllarire  near  the  tip.  Adam- 
buhu-nd  plates  with  om»  or  two  nearly  ry  11  ndrie-al  blunt  spines,  c»>nsiderably  i>ver  a  mm.  in  length; 
they  do  not  alternate  alike  even  on  the  two  sidi'S  of  the  Siime  ray.  These  spines  are  mostly  free 
fn>m  jH^lieellari;»%  but  rarely  a  small  blunt  one  is  present  near  the  tip.  Within  the  ambulacral 
groove,  however,  alnjve  the  ]»ii.<es  of  the  spin»*s,  are  numerous  small  pe^licellaria*.  These  are  sometimes 
sjKM'ially  prominent  on  the  oral  j»lates.  A<hunbuhural  plattn«i  rather  few;  a  s]»e<Mmen  with  R=18  has 
only  49  on  each  ^ide  of  the  furr«»w,  and  my  lanrest,  with  R=24,  has  only  60.  Madreix)re  plate  of 
me<liuni  size,  with  few,  wide  furrows,  and  sumnmded  by  a  rather  incomplete  cin*le  of  6  to  8  spines. 
TuIh-  fe«t  <|uadris«'nal.  but  not  at  all  crowde<l.  Color  in  life  white,  cream  color,  or  yeUowish,  more  or 
less  niarke<l  abactinally  by  dark  gnvn,  purple,  or  re<ldish.  Digestive  c<eca  ofU*n  show  through  the 
aba«tinal  surface,  es|K*<*ially  in  small  individuals  (a*<  in  young  vulgaris  and  tenera),  aflding  much  to 
their  iHauty. 

limine. — (itHirges  Biink  and  off  CajK*  OmI;  Crab  Iie<lge,  off  Chatham,  Mass.;  17  to  35  fathoms. 

Reimirk-jt. — After  s<»me  hesitation  1  have  referre<l  a  small  star-fish,  of  which  we  t^jok  12  specimens 
at  Crab  l>«Nlge,  to  VerrilTs  siH-eies  /i»^/t»/,  although,  owing  to  the  brevity  of  his  dest*ription  and  the 
la<k  of  tigures,  there  is  some  r«M>m  for  doubt;  but  the  largest  si>eciinens  answer  verj'  well  to  his 
di-srriptioii,  an<l  as  he  reiM)rts  his  speeii*s  from  off  CajH^  C<m1  in  .'i'?  to  ,*i5  fathoms,  it  is  highly  ]»robable 
that  the  sjHM-ies  hen*  des<rilH*<l  and  figunHl  is  auMera.  It  is  a  handsome  little  star-fish,  and  seems  to  l>e 
eoniiiion  at  Crab  I^*<lgi'.     Wedid  not  find  it  els<»where.     Nothing  is  kn«»wn  of  its  habits  or  development. 

5.  Cribrella  san^nolenta  (O.  F.  Midler).     (  PI.  .{,  figs.  10,  11;  pi.  4,  fig.  22.) 

.\i^'  rhijt  itnufniiio>tf  nt'i  (K  V.  Mull«T.  177«'.. 

.1st'  ri'ijt  jH  rfnMi  (>.  F.  MiilltT,  177«i. 

Ai'tt  rinx  itcuhttn  IN'Mimiit,  1777. 

A>tt>  rinn  fit*tnt/ioiui  Fal»ririu>.  17S1:  (i<nil«l,  IMl:  r>esi»r,  IMK. 

LinrknUH'tdnta  Ynthvs.  l>vft»:  S!im|»*<»n.  Ih.**:*.. 

('rilttllattt'tilntn  F"orlH*s,  1n41. 

Littckia  ]$*  tiufa  Stiini*-^!!,  1.W3. 

friftrffln  iui,i;nn'n*i/fittn  Liitkon,  ISTiQ:  Verrill.  iJyjrt  et  !«pq. 

CrihrfUniMuItitn  W.  and  E.  C  .\irawiz.  18fi5:  Slrtdeii.  1«S9. 
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Dfjicrijition. — Riiyp  noniially  fif,  occasionally  6.  The  proj)ortion8  vary  to  an  extraordinary  degree. 
R=30  t^)  fiO  inni.,  r=()  to  L3  imn.,  R=2.5  to  5.5  r.  Breadtli  of  ray  near  bafle,  10  to  14  mm., 
R=2.4  to  5.4  ])r.  Rays  varying  from  nearly  cylindrical  to  long  conical,  but  umially  with  a  rounded 
tip,  and  not  flattened.  The  basal  part  is  oftentimcn  swollen  and  then  (»ontra4*ted  close  to  the  disk, 
which  is  of  very  variable  size.  Interbrachial  arcs  are  sometimes  rounded,  but  more  often  acute. 
Abactinal  surface  covere<l  by  a  network  of  plates,  which  form  a  more  or  less  firm  skeleton,  according 
to  the  size  of  the  meshes,  these  ranging  from  under  0.5  nmi.  to  over  1.5  mm.  As  a  rule  these  plat<»s  have 
no  regular  distribution,  but  in  some  specimens  there  is,  on  the  sides  of  the  ray,  an  approach  to  a  trans- 
verses  arrangement,  either  in  vertical  or  obliijue  rows.  Vy*on  the  plates  are  numerous  minute  spines, 
which  <liffer  greatly  in  size  and  ionu  in  different  individuals.  They  are  sometimes  very  delicate  and 
sharp,  s<^metimes  stout  and  blunt,  and  the  length  varies  from  0.2  to  0.5  mm.  These  spines  cK'cur  singly, 
c)r  more  often  in  groui)s  of  from  2  to  12,  and  as  they  are  so  small,  so  numerous,  ami  of  such  nearly  unifonn 
length  (in  any  one  specimen)  the  surface  of  the  ray  does  not  ap})ear  spinulose  in  the  living  animal. 
On  the  actinal  surface  the  plates  t«nd  to  form  longitu<linal  rows,  especially  near  the  base  of  the  rays, 
and  there  is  almost  invariably  one  well-ilefined  row  just  outside  the  a<lambulacral  plates.  The  latter 
are  not  very  numerous,  a  ray  42  mm.  long  having  cmly  alx)ut  65  on  each  side  of  the  furn)w.  The 
armature  of  the  adambulai^ral  plates  is  made  up  of  10  to  12  blunt  spines,  of  which  1  is  on  the  8i<le  of 
the  plate,  well  up  in  the  furrow,  while  the  remainder  are  on  the  face  of  the  plate.  Although  they 
vary  considerably  in  size,  in  different  specimens,  the  arrangement,  on  the  whole,  is  fairly  constant. 
The  furrow  spine  is  very  slender,  but  is  sometimes  (^uite  long,  over  0.5  nmi.  Of  the  others,  that  nearest 
the  furrow  is  the  largest  (1.5  nmi.)  and  usually  stands  more  or  less  alone.  Behind,  or  outside  <>f  it, 
are  1  or  2  a  trifle  smaller,  and  the  n'mainder,  arrangeil  more  or  less  irrt^larly  in  pairs,  diminish 
rapidly  in  size,  so  that  those  on  the  outer  edge  of  the  i)late  are  of  alxnit  the  same  size  as  the  spines  on 
the  adjoining  plates.  In  young  individuals  the  adambulacral  spine^^  tend  to  form  a  narrow,  transverse 
series  on  the  ])late,  continuous  with  the  transverse  series  on  the  si<les  of  the  lay,  but  in  adults  such  an 
arrangement  is  olwtnire*!,  if  not  obliterat*^!.  Oral  spines  long,  but  not  peculiar.  Paj)ular  areas  small, 
with  usually  1  papula,  sometimes  2  or  3.  Madrepore  ]*late  small,  with  few  wide  furrows,  the  ridges 
bc»tween  which  frequently  liear  spines.  Feet  biserial.  Color  in  life,  al)actiiially  usually  bright  re<l, 
with  a  slight  orange  cast,  the  actinal  8iu*face  deep  yellowish.  There  is,  however,  more  or  less  variety. 
In  some  sjiecimens  the  rcil  is  fa<led  in  spots  to  yellowish,  or  even  the  whole  abactinal  surface  to  orange, 
yellow,  or  cream  (N>lor;  in  other  si)ecimens  the  re<l  is  deejK^ne*!  to  purple,  often  of  a  very  rich  shade, 
while  again  the  purj)le  is  faded  to  lavender  or  nearly  white. 

Raiuje. — Cirt»eidand  an<l  Labrador  to  Connecticut,  off  New  Jersey,  an<l  even  Cape  Hatteras;  littoral 
only  as  far  south  as  the  Wo<m1s  Hole  region;  northward  it  is  commcm  fn)m  low  water  to  220  fathoms, 
while  southwanl  specimens  have  l)een  reiK>rte<l  fnmi  1,350  fathoms.  Also  Spitzlwrgen,  Nova  Zembla, 
and  Ict'land  to  (In^at  Britain  and  north west<»m  France.  Northwestern  coast  of  Asia  (Brandt),  Bi»ring 
Sea  (Ludwig). 

Rnnarkii. — The  abundance  of  this  star-fish  in  Worwls  Hole  IIarl>or  varies  greatly  in  differtmt  years, 
and  although  it  is  ofttni  common  the  spc'cimens  are  always  small.  Much  the  finest  specimens  found 
in  this  region  come  from  Crab  r^<lge,  where  the  species  is  very  common,  and  exhibits  the  greatest 
variety  of  fonn  and  color.  Careful  mea'^urements  were  ma<le  of  142  spe<*imens  to  sei»  whether  there 
was  any  t-endency  to  <liverge  into  two  or  more  forms,  but  none  apjH^ars.  While  s<mie  specimens  have 
the  breadth  of  the  ray  over  36  ])er  cent  of  the  length,  others  have  it  only  18  per  cent,  while  the  majority 
range  al)out  28  j>er  cent.  The  curve  of  variation  falls  off  quite  uniforndy  in  both  directions.  Nor 
ct>uld  I  find  that  the  diversity  of  either  form  or  color  was  in  any  way  correlate<l  with  age,  sex,  or 
environment.  This  species  bn^eds  in  the  early  spring;  the  eggs  are  large  ami  contain  much  yolk; 
development  is  al)breviate<l,  but  is  still  imperfectly  known. 

6.  Solaster  endeca  (Retzius).     (PI.  3,  figs.  12, 13;  j)!.  4,  fig.  2.3.) 

Anlcrina  tinlrca  Ketzius,  \1K^. 
S4tUi)ttrr  nuUoii  ForlH'M,  IJCW. 

Dear  ri]  if  inn. — Rays  usually  10  or  11,  frequently  9,  o<*casionally  7,  8,  12,  or  13.  R=75  to  150  mm., 
r=25  to  50  mm.,  R=:3  r.  Bn-adth  of  ray  near  base  12  to  30  mm.,  R=5  to  6  br.  Rays  arched 
aba<'tinally,  fiattened  ai'tinaliy,  regularly  tapering,  bluntly  jK>int4'd.  Disk  large,  generally  highly 
.inched;  in  a  spcM'imen  with  U  =  10<>,  the  <lisk  is  35  mm.  high.  Interbrachial  arcs  rather  rounded. 
Aba<*tinal  surfa(M»  covennl  witb  a  very  close  net-work  of  plat4*s,  niaking  a  firm  skeleton.     Thesi*  plates 


il.U.S.F.C,tMl: 


la.  11.  U.  ^ifcriof /urim.— II.  Put  ol 

onlddFlx-*' 
Isi.  U.  17.  Adt 

onlcMc  IK  ._.. 
In- 18. 1»-   'WMiu  (IB*™.— IR.  P«rt  oI  nral  ™rU«  o(  one  dde  ol  r»v 

nnl  irtde  I  y  7S). 
l«K9i.Zi.   AHehnt  Ifwm.—JO.  P»n  of  oiml  nirIu:cof  one  iMeof  ny- 

onl  tide  'X  Ifi). 

Is.  a.  OArrBn  nnfrnfiMfniAi.     Pnit  nt  oral  nirbwe  of  onr  (Ue  >i<  n;  ( i 
W-  2Sl  SeiiutfT  mfn-a.    I^n  of  mbI  airliM*  ol  one  ride  ot  imr  { x  S). 


il  RUfuv  of  one  Hide  of  n;  n«t  middle  ( x  K).  15l  Lusc  iwdkvlluia  fim 

ni^lBrii.— 16.  Psrtof  onl  HirfBceof  one  ddenf  imjrDearmlddleiK  2|).  17.  I^rie  pcdhvllajia  Iroai 

middle  ( K  b).  19.  Ijime  pedlwilariii  rnn 

mlddle(xB).  2L  Laise pmllcelUria  from 


THE    ECH1NODERM8    OF   THE    WOODS    HOLE    REGION.  557 

bear  low  n>hiiiiiiar  elevations,  each  of  which  is  tTowiu»<l  with  a  ;rn>up  of  fnuii  10  to  12  (more  or  lens) 
delicate  spinej*,  0.3  to  0.5  mm.  in  len^h.  These  spine?*  are  so  short,  ami  of  such  m-arly  unifonn  length, 
that  the  general  impression  in  the  living  startish  is  that  of  an  almost  snuRith  surfa^-e.  In  some 
sfiecimens  the  spines  radiate  sliirhtly  from  the  top  of  the  i*olumn  while  in  others  they  are  very  rloeely 
erect.  Along  the  sides  of  the  rays,  the  columiLs  tend  to  form  longitntlLiial  series,  and  4  or  5  such  series 
are  8ometinu»s  well  detint^l.  On  the  actinal  surface  there  is  a  well -mark  e<l  series  of  plates  forming  a 
lateral  margin  to  the  ray.  On  the  distal  jxjrtion  of  the  ray  thesi'  plates  are  in  contact  with  the 
adainbulacral  plati-s,  hut  a?*  the  disk  is  appn»a<'he<l,  tlu-y  diverge  and  fonn  a  margin  f:)r  the  actinal 
surface  of  the  dhrk.  The  plates  carry  transverse  ridge-like  elevations,  0.5  mm.  high  (more  or  le>«), 
which  are  crowneil  by  a  group  of  12  to  25  small  spines,  of  nearly  unifonn  length,  arrangetl  in  a  more 
or  less  |>erfei*tly  doubh'  si'ries.  Actinal,  interradial  spaivs,  clos<dy  covere<l  with  jdates,  l^earing  low 
nilumnar  or  ridge-like  elevatiims,  crowne<l  with  cliustcrs  of  spines  somewhat  hirgi'r  than  those  of  the 
abactinal  surface.  Thi-s*.*  clusters  have  a  more  or  K*ss  detinite  amingement,  tending  to  form  rows 
(larallel  to  the  ailandmla<Tal  plates.  The  njw  adjoining  the  latter  runs  out  aljout  halfway  to  tip  of 
ray,  while  the  others  are  succvssively  shijrter,  the  interradial  series  l»eing  the  shortest.  Adaml>ulacral 
plates  with  2  series  of  spines,  one  in  the  furrow,  and  one  on  the  face  of  the  ])late.  Furrow  series  of  3 
spines  in  a  njw  }>arallel  tc>  the  furrow;  1  lor  even  2)  of  these  spines  is  often  alieent,  but  when  all  are 
present,  the  middle  one  is  the  longest  (a  little  over  1  mm.),  while  the  distal  one  is  generally  the 
shortest.  Near  the  mouth  these  furrow  spines  are  usually  more  or  less  fuse<l  at  the  l«se.  Spines  on 
face  of  plate  somewhat  ix>inte<l,  6  ti»  8  in  numl»er,  1  to  2  mm.  long,  arranged  in  a  single  cur\'ed 
transverse  series,  com-avity  of  curve  away  from  mouth;  largest  spine  nearest  furrow.  Oral  plates 
very  prominent,  bearing  along  the  margin  a  series  of  14  to  IS  spines,  of  which  those  at  the  oral  end  of 
the  plate  are  umch  the  largest  (2  to  6  mm.  Umg),  the  next  1  or  2  i>airs  a  little  smaller,  and  the 
remainder  markeilly  smaller.  On  the  face  of  e:ich  plate  is  a  ridge  on  which  are  bonie  3  to  12  spines 
of  very  variable  length;  the  longest  are  nearest  the  onil  end  of  the  plate  and  may  lie  2  to  3  nmi.  long. 
Papula'  small,  and  generally  single.  Madre|iore  plate  small,  with  numerous  fine  fum)ws.  Feet 
biserial.  Color  in  life,  abactinally,  dark  red  or  deep  rose-puri>le,  randy  orange  or  dull  yellowish; 
ai'tinally,  orange  or  yellowish  of  s<3me  shade. 

Range. — Greenland  and  Newfoundland  to  Crab  Ix^lgi*,  off  Chatham,  Mass.,  low  water  to  150 
fathoms;  also  on  the  coasts  of  (ireat  Britain  and  Northern  Kuroin?:  i)ossibly  circumfHjlar. 

Remarkit. — This  very  strikiiiir  and  easily  rei-ognize<l  northern  startish  just  enters  the  W«xh1s  Hole 
region,  as  we  found  it  not  uncommon  on  Crab  Ixilge.  Of  the  9  siKH'imens  we  t<Kjk,  4  have  10  rays, 
and  5  oidy  !♦.  Both  the  largi'st  si>ei-imen  <  220  mm.  in  <liameter  in  life)  and  the  smallest  (40  mm.)  are 
among  the  U-rayed  individuals.  Little  is  known  of  the  habits,  and  nothing  of  the  development,  of 
this  8|)ecies. 

OPHIUROIDEA. 

BRITTLE  STARS,  SAND  STARS,  SNAKE  STARS,  OR  SERPENT  STARS. 

The  ophiuroids  jire  u  very  lar^e  chi.ss,  iind  tlie  seiMmtion  of  netiriy  allied 
si>eeies  is  a  task  sufficient  to  test  the  skill  of  a  sjxicialist;  but  the  Woods  Hole 
region  contains  only  5  sjiecies,  and  these  are  so  unlike  «ich  other  that  even  a 
beginner  can  easih'  distinguish  theui.  The  terms  which  are  used  in  describing  a 
brittle  star  usually  carry  their  own  meaning,  so  that  it  is  only  necessary  to  introduce 
here  a  few  of  the  less  easily  understood  names: 

Adornl  jflntts. — A  |»iiir  of  plates  on  the  fatv  of  ea**h  of  the  5  jaws,  l»eside  or  in  front  of  the  oral  shield. 

Oral  fKi pill :i . — Tti'th-like  projections  along  the  e<lges  of  the  jaws. 

(hnil  .<h'uhl. — The  lar^re  plate  on  the  fa<*e  of  each  jaw,  near  the  l)ase. 

Radial  tthitid)^. — A  jwir  of  plati^s  on  the  upper  side  of  the  disk,  at  the  Iwise  of  eai'h  arm;  sometimes 

very  prominent,  again  wholly  ix)vere<l. 
Ttidade  sralij*. — Small  si^ales  on  the  lower  si<le  of  the  arm,  on  each  side  of  the  uuder-arm  plate;  1,  2, 

or  several  at  the  l»ase  of  each  tentai'le. 
Tooth  papilla:. — Small  teeth-like  projections  at  the  point  of  each  jaw. 
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Key  to  the  Ophiunnds  oftfw  Wowh  Hide  rey'ion. 
ArmM  Himple,  uiibranched. 

Arm  itpincs  Hhnrt,  8mall,  nnd  more  or  Ichh  apprcssvit  to  th(>  arm. 

AmiH  nearly  terete:  disk  ct»vered  with  a  fine  grainilation ( >riin'RA  kkkvim'INA 

Arms  flattened;  disk  covenrd  with  scales oi'Iiukjlyi'ha  robvkta 

Arm  Hpini^  pn>miiient,  at  a  marked  angle  witli  the  arm. 

UplKT-arm  plates  Miirnmnded  by  a  series  of  small  plates:  arm  spin*"?*  r>  to  ♦', ( M'Hioriioi.is  ajmi.kata 

Upper-arm  plates  not  siirronnded  by  small  plate.s;  ann  spines  :{ Vmi'IIIImioi.is  w^rAMATA 

Armii  diehotomously  branched (.Jor<;on(h-ei'II a  i.rs  ao assi/.ii 

1.  Ophiura  brevispina  Say.     (1*1.  5,  lijj^.  1?S-.*X);  pi.  7,  tig«.  ;57,  oS. ) 

Ophiura  hrtvitqfina  Say,  1825. 
Ophimlerma  ttHiHimim  Ayn's,  1S.VJ. 
Ophiodcnna  BrrjtmM  LiUkirn,  1H.V». 
Ophiurabnriitjnna  Lyman,  IWIOand  1H«:!. 
Ophiura  itlivucra  Lyman,  1X65;  Verrill.  1873. 

Deufcription. — Arms  normally  '>,  occasionally  4,  rarely  (>,  of  uioderatt;  Icn^jtli,  nearly  tcn»tc,  but 
flattened  on  the  oral  Hide.  Diameter  of  dink,  10  to  15  mm.  lxMi;rth  of  arm,  40  to  <>()  mm.;  bn'adth  of 
arm  at  base,  2i  to  3  mm.  Ann  HpineH  7  to  8,  nhorti'r  than  the  arm  joints,  appn^ximately  njual,  or  the 
lowest  Bhortest,  clo8t»ly  appreM8e<l  to  the  arm.  DiHk  more  or  U»hh  i)erfe<!tly  penta>;onaI,  covered  with 
granuU*8  of  nearly  uniform  size,  alnnit  1(X)  to  180  to  a  scpiare  millimet<*r,  completely  concealinj^  the 
nulial  nhieldr*.  At  the  })aat'  of  each  arm  tlu'  granulation  extends  out  on  ea<h  Hide,  ho  that  the  lirst  3 
ui>per-arm  platen  form  a  narrow  ridj^e  running  in  toward  the  center  of  the  dink.  On  each  nide  of  the 
third  plate  in  a  group  of  alnnit  10  little  ncales.  rpjH'r-arm  plates  bn>a<lly  in  contact  with  each  other; 
at  the  l>aHe  of  the  arm  they  are  nearly  oblong,  twice  an  wide  as  long,  but  as  the  tip  is  approaithed  they 
l)ecome  more  njundetl  on  the  sides,  the  outer  edge  l)ecoming  curve<l,  the  iimer  marktHlly  narrowetl. 
Under-arm  plates  broa<lly  in  contact,  nearly  u<]uare  with  rounde<l  corners,  usually  somewhat  longer 
than  wide.  First  under-arm  plate  much  wider  than  long,  with  rounde<l  sides;  sts-ond  much  longer. 
Tentacle  HcaU*s  2,  of  which  the  inner  is  nearly  half  the  length  of  the  under-arm  plate,  while  the  outt^r 
is  al)out  half  as  long  and  covers  the  base  of  the  lowest  spine.  Oral  shields  oval,  j>lainly  longiT  than 
wide.  Adond  plates  small,  lying  entindy  at  sidi*s  of  oral  shields,  roughly  triangular,  with  rounde*! 
eomc^rs.  All  of  the  onil  surfatre  granulatinl  as  above,  except  the  oral  shields  and  a<loral  platt's.  Oral 
papilhe  alxMit  7  on  each  side  of  each  jaw,  of  which  the  one  next  to  ihe  under-arm  plate  is  small,  often 
wanting,  while  the  next  one  is  the  widest  and  largt»st  of  all.  Teeth  5,  blunt,  the  lowest  the  smallest. 
No  tooth  impilhe.  In  each  interbnu'hial  space  there  are  4  geniUd  oi)enings.  (\)l<»r  very  variable,  but 
never  very  bright;  wmie  shade  of  green  or  brown  is  the  most  fn'quent;  the  disk  is  generally  mottliHl 
or  spott^Ml,  and  the  arms  fretpiently  bandetl  with  alternate  rings  of  light  and  dark  shades.  More  or 
]{^t*ti  uniform  olive  greiin  is  a  freijuent  color,  uniformly  brown  siHMumens  lH?ing  less  frtHpient;  nearly 
black  sjHH'imens  are  occasionally  foun<l. 

Ratujf. — North  Falmouth,  Mass.,  to  Hahia,  Brazil,  low  water  to  122  fathoms. 

JxanarkH, — This  very  widely  distributed  brittle  star  rea^hirs  it«  northern  limit  in  Buzxanls  Bay. 
It  is  abundant  in  alxmt  1  fathom  of  water,  on  a  bottom  covered  with  t»el  grass,  in  North  Falmouth 
Harl>or,  and  has  l>een  taken  in  similar  situations  in  Marion,  New  Be<lford,  and  Dartmouth,  Mils.s.,  on 
the  other  side  of  the  bay.  It  also  occurs  at  Sag  lIarl)or,  Long  Island.  The  habits,  movements,  and 
development  have  l>ei'n  so  well  describe<l  by  Grave  (UK)0)  that  it  is  unnecessary  Ut  discuss  tluMn  here. 
Verrill  (*99)  considt'ra  the  northern  form  of  this  siH*cies  as  si'parable  from  the  form  occurring  from 
Florida  southward,  and  would  reganl  it  as  a  variety  olirami. 

2.  Opliioglypha  robusta  (Ayres).     (PI.  6,  tigs.  31,  32;  pi.  7,  3*>,  40.) 

OphUAepi*  rubuMa  Ay  res,  1861. 
Ojihinra/iwicuUita  Fot^k'h,  1H52. 
Ophiura  tqitamoifa  Liltken,  18M. 
Ophiofflijpha  robuaa  Lyman,  1S66. 
Ophioghjpha  /r/tom'Ljunjnnan,  186tt. 

fh'ttcription. — Arms  5,  finely  tapering.  Diameter  of  disk,  7  to  10  mm.  length  of  arm.  24  to  36 
nun.;  breadth  of  arm  at  base  1  to  1.5  nun.  Arm  sjnnes  3,  rounded  and  acute,  the  upiH*r  one  largest, 
nearly  1  mm.  l<mg;  at  tip  of  ann  the  lowest  spine  is  flattem»<l  and  Invars  1  or  2  small  luMiks.  Disk 
rounded  or  slightly  |)entagonal,  covered  with  small,  irregular  scales,  4  or  more  to  the  sipian^  millimeter; 
in  young  8i)ecimens,  the  plates  at  center  of  disk  show  more  or  less  definite  arrangement.  li^idial  shields 
inconspicuous,  about  as  broad  as  long,  barely  touching  without.    The  disk  is  not^'hed  in  each  radius 
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by  the  upper-arm  plates,  and  on  the  side  of  the  notch  are  7  or  8  Hhort  conical  projectioiiH  or  papilhc. 
This  series  is  continuous  with  another  one  of  12  small,  flat  iiapillte  along  the  genital  slit.  Just  outside 
the  disk  notch  are  small  papillie  on  each  side  of  the  upper-anu  plate.  In  young  s})ecimens  all  or 
nearly  all  of  these  papilla;  may  Ix;  wanting.  Upjier-arm  plates  roundeil  distally,  more  or  less  jK»inted 
proximally,  sei>arated  by  the  side-arm  plates  on  the  distal  part  of  the  arm  in  adults,  on  the  whole 
length  of  the  arm  in  the  young.  First  under-arm  plates  oval  or  triangular  with  rounde<l  corners;  the 
remainder  bnxuler  than  long,  the  distal  edge  slightly  convex,  the  pn>ximal  with  a  little  jMjint.  Side- 
arm  plates  strongly  developeil,  completely  «*|»aratiiig  the  under-arm  plates.  Tentacle  sc-ales  small 
and  with  rounde<l  end^•,  7  to  9  for  the  mouth  tentacles,  .*{  or  4  for  each  of  the  lirst  twoarm  tentacles,  and 
1  for  each  tentacle  thereafter.  Oral  shieMs  somewhat  broa<ler  than  long,  iK)inte<l  within,  and  broa^lly 
cur\ed  on  the  outer  side;  1.5  nmi.  wide,  more  or  less.  Adoral  plates  long  and  narrow,  lying  along 
the  inner  sides  of  (►ral  shields,  and  meeting  within.  Oral  ]>apilla'  3  or  4  on  t^ach  side  of  ea^'h  jaw,  one  or 
more  of  them  at  the  i>oint  of  the  jaw;  outernuist  one  broailest.  Teeth  5  or  6,  equal,  sharp  and  flat 
Xo  tooth  papillfc.  Interbnu'hial  spaces  with  small  Si*ales,  and  1  |>air  of  genital  slits.  CoU»r  in  life 
variable,  but  not  bright;  generally  some  shade  of  gray,  more  or  less  variegated  with  brown,  re<ldi8h, 
or  black;  radial  shields  usually  distinctly  lighter;  arms  often  lumdeil  with  gray  and  greenish. 

Rnntje. — Cireenland  to  Crab  Ledge,  off  Chatham,  Mass.;  an<l  possibly  ni  deep  water  to  Porto  Kico. 
(Fish  Hawk  collection,  1899.)  Also  from  the  Arctic  Ocean  to  Denmark.  Alaska?  Possibly  circum- 
}K)lar.     Low  water  to  150  fathoms. 

Remark*. — This  is  another  of  the  northern  e<-hinoderms  which  just  comes  within  the  northeastern 
border  of  the  Woods  Hole  region.  Amidst  the  gravel  and  bn)ken  shells  brought  up  in  the  dredge  on 
Crab  Leilge  we  found  4  small  specimens  of  this  species,  the  largest  with  the  disk  only  3  mm.  across. 
The  figure  on  plate  6  is  taken  from  this  specimen,  enlarge*!.  Ap[)arently  nothing  is  known  of  the 
habits  or  development  of  the  species. 

3.  Opliiopholis  acideata  (Linna'us).     Ihiuny  BriUle-Star.     (PI.  5,  figs.  24-27;  j»l.  7,  figs.  41,  42.) 

Aderiof  (ictUerUa  Linnaeus.  1767.    MiilkT.  177t>, 

Ophium  MUs  FlemiiiK.  1H28. 

OphiocomnbcUis  Forbei*.  1839. 

OphUilrpi*  gcfdoitcndrira  Miiller  «V  Tnwchfl.  1842. 

OjfhifKftmn  acuUnta  I>esor.  IM^. 

OphiophitiUarulmta  (Jniy.  1K4H.     Verrill.  1«6«>  ami  \X7.\.     Lyman.  IWJ. 

OjihiifphfUi*  tnjlojteudrica  .<tiinf>soii.  1S53. 

OphinphtAi*  bfUiif  Lyman,  1865. 

Ikscrlption. — Arms,  5;  rather  wide  an<l  flat.  Diameter  of  disk,  15  to  2()  nun.  Length  of  ann,  (>0  to 
8()  mm.  Breadth  of  ann  at  l)ase,  without  spines,  3  to  4  nun. ;  with  spines,  H.5  to  s  mm.  Arm  spines,  5  or 
6,  of  which  the  two  middle  ones  are  the  largest  ( 1  to  1.5  mm.  long  by  0.3  to  0.0  mm.  wide),  the  upi>er  one 
or  two  slightly^  the  lower  two  considerably,  smaller,  the  lowest  spine  smallest  of  all;  thc»se  spines  are 
iKirne  on  a  pn)minent  vertical  ridge  on  each  side  ann  plate  and  stan<l  at  nearly  a  right  angle  to  the  arm. 
In  mlults  these*  spines  are  very  blunt,  but  in  young  individuals  they  are  slender  and  acute.  Bi*ginning 
rather  more  than  halfway  out  on  the  arms,  the  lowest  spine  becomes  In^nt  at  the  tip  until  finally  it  is 
little  more  than  a  sharivp«)inte<l  hook,  usually  with  1  or  2  miiuite  teeth  on  the  omcave  si<le.  I)isk 
cire*ular,  often  bulging  considerably  l)etween  the  arms.  scale<l,  but  more*  or  less  covere<l  by  a  coat  of 
very  un(H]ual  granules,  which  are  small  ami  spheroitlal  near  the  center  of  the  disk,  and  lH.»come  much 
more  prominent  and  spine-like  on  the  interbra<*hial  ;x»rtions.  in  very  few  t-ases,  however,  d<K?s  the 
granular  coat  cover  the  disk  with  even  appn)ximate  uniformity.  In  the  very  great  majority  of 
specimens,  from  6  to  36  more  or  less  cireular  scales  or  platis  are  left  bare,  and  as  these  are  always 
symmetrically  arrange<i,  the  <lisk  has  a  very  ornate  aj»pearanct».  In  the  center  is  1  plate,  around 
which  are  groupe<l  5  others,  place<l  nulially;  there  are*  then  10  sets  of  1,  2,  or  rarely  3  somewhat 
smaller  plates,  lying  in  rf>ws  mdiating  fn^m  the  tvnter,  5  radial  and  5  interradial.  In  extreme  erases 
the  radial  shiehls  may  also  \w  left  fiartially  l>are.  Some  or  all  of  the  ]>lates  are*  surromide<l  by  definite 
circles  of  small  granules.  rpi>er  ami  plates  nearly  elliptical,  al)out  twice  as  wi<le  as  long;  in  lai^ge 
specimens  those  near  the  Iwse  of  the  ann  are  broken  into  two  pieces.  Each  plate  is  surromidetl  by 
a  single  series  of  about  12  very  large,  somewhat  angular,  flat  grains;  but  between  any  two  adjoining 
upper  ann  plates  there  is  <mly  1  row  of  these  grains,  so  that  those  which  8er\'e  as  an  anterior 
bonier  for  one  plate  are  also  the  posterior  lK)rder  of  the  next  distal  plate.  In  some  SDecimens,  as 
the  tip  of  the  arm  is  approached,  the  bordering  grains  become  more  numerous  and  nearly  circular, 
while  in  other  specimens  they  are  less  numerous,  so  that  the  upper  arm  plates  come  in  direct 
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contact.  Underarm  plateti  nearly  rectangular,  but  with  roundinl  corners  and  nlightly  concave  sides; 
except  the  first  1  or  2  they  are  disstinctly  witler  than  long.  Tentacle  wales  single,  large,  oval,  more 
than  half  the  length  of  the  under  arm  plate.  Oral  Mhields  more  or  lesa  elliptical,  much  wi<ler  than 
long,  the  outer  side  often  flattene<l;  the  ma<.lreiK)re  plate  is  usually  <listinctly  hmger  and  larger  than  the 
others.  Adoral  plates  large,  more  or  less  rounder!  at  each  end,  on  the  inner  side  of  the  oral  shields, 
but  not  niet;ting  within.  Oral  papilla%  8  or  4  on  each  side  of  each  jaw,  wi<U»,  flat,  and  thin  e<lge<.l, 
of  approximately  espial  size.  TtHJth  aUnit  12,  narrowest  alnive,  the  bnKwl,  lower  ont«  sometimes 
lm)ken  in  two.  No  t<K)th  pajiilbi'.  InterV)nu;hial  s|>ace«  l(X»st»ly  c<»vereii  with  plat<»s,  inich  of  which 
bears  1  to  H  largt*  grannk^  or  small  blunt  spines;  in  each  sjmct*  there  is  1  i»air  of  genital  slits.  Color 
extraonlinarily  variable;  no  two  si>ecimens  stn^n  to  Ixj  colonel  just  alike;  shmles  of  brown,  re<l, 
yellow,  purple,  and  green  are  nmst  connnon;  unicolor  s|)ecimen8  are  very  rart»,  the  <lisk  l)eing  always 
blotche<l,  or  markeil  in  some  regular  )>atU.rrn,  while  the  arms  are  Iwinded  or  longitudinally  striiHxi; 
actinal  surface  generally  light,  most  often  yellowish. 

Range. — Ctreenland  to  New  Jersey,  low  water  to  1,UU()  fathoms;  rare  or  l(»cal  wmlh  oi  C'ai»e  Cod; 
also  Iceland  and  Spitzlwrgen ;  along  the  coiists  of  On^at  lirit^iin  and  northern  EuroiHj  t<»  Ireland  and 
the  English  Chaimel.     Bering  Sea  (Ludwig). 

Remarh. — Although  this  l)eautiful  ophiuran  has  l>t^en  known  to<>ci!ur  in  the  colder  waters  off  (iay 
Head  and  Watch  Hill  and  in  38  fathoms  even  off  the  coast  of  New  Jersey,  it  has  always  Iwen  regarded 
as  a  rarity  south  of  Cai>eC<Ml.  The  reiK^rt^nl  caw»s  of  it.s  <KM*urrence  in  Vineyanl  Sound  are  almost 
certainly  cases  of  mistaken  identification.  In  1894  Mr.  Vinal  E<iwar<ls  tiK>k  a  numl)er«>f  verv  fine 
speiumens  on  some  fishing  l>anks  al>outl5  niik»8  ESE.  of  Sankaty  Hea<l,  Nantucket,  in  24  fathoms. 
In  11H)2  we  t<M)k  hundn*<l8  of  siKH-imens  off  Simkaty  Ibwl  in  12  fathoms  and  on  Crab  IxMlgc  in  17. 
Those  taken  off  Sankaty  Hea<l  were  all  small,  very  few  having  a  disk  diameter  of  over  7  mm.  and  none 
over  10,  while  the  si)ecimens  from  Crab  Leclge  were  <»f  gcxxl  size,  many  iKMiig  <»vcr  15  mm.  across  the 
disk.  Next  to  the  remarkable  variety  of  color,  which  is  really  U'vond  description,  the  mo.«t  extraor- 
dinary thing  alM)ut  these  brittle-stars  is  the  way  in  which  even  large  specimens  st'crete  themst'lves  in 
cavities  and  crannies,  among  rcH'.ks,  shells,  and  barnacles.  They  are  eagerly  sought  as  f<MHl  by  c(Mltish, 
and  their  colors  and  habits  are  doubtless  protective.  The  development  of  this  species  has  lxH.»n  par- 
tiallv  descril)ed  bv  Fewkes  ('8(>). 

4.  AmpliipholiB  squamata  (DelU^  Chiaje).     [V\.  <»,  figs.  :W,  M;  pi.  7,  figs.  43,  44.) 

Afitrrias  Sfinamata  iK'Hc  (Uilaje.  1X28. 

Ophiura  iW(;U'((a  Johnston,  IKVk 

(}j}huK'nma  ncf/Uda  Forbes,  1H41. 

Ophiuicph  fuimuimta  MuIUt  ami  Tn>H<'lu'l.  1842. 

OphhflcpU  tcnnh  Ayres,  1851. 

Amphiura  tnura  LiUk<*n,  185^.     Lyniun,  iNG.'j. 

AmphinraOnnh  Lyman,  1800. 

Amphiura  diitnns  Norman,  18i>.'>. 

Amphiphiflis  lin*.at(i  Ljnngman,  1871. 

Amphipholiit  cUynnf  Liitkou.  1871.     Vcrrill.  187:{  cl  sc'<i. 

DiMription. — Arms  5,  slentler,  of  nHwlerate  length,  2.5  to  4.5  times  the  diameter  of  the  disk,  which 
is  from  3  to  5  mm.  Ix'ngth  of  arm  12  to  20  mm.  Breadth  of  arm  at  has*',  without  spines,  0.5  to  0.8  nun. 
Arm  spines  3,  blunt,  nearly  cnjual,  the  up|)er  a  little  the  stouttvt;  nu»n.^  slentler  and  at-ute  in  the  y<amg. 
Disk  nearly  circular,  rather  fiat,  coveriMl  with  scales  of  nearly  unifonn  size,  20  or  more  to  the  s<piare 
millimeter.  liadial  shields  conspicuous,  narrow  (alnuit  3  times  as  long  as  bn»a«l),  in  cl(>si*  contact 
with  each  other,  barely  sepanite<l  at  ea(;h  end.  Margin  of  disk  rather  sharply  define<l  by  a  line  when.? 
the  e<lges  of  the  sciiles  on  the  interbrachial  spacer*  nut't  the  scales  of  the  disk.  Upj^er  arm  plates 
mostly  wider  than  long,  with  the  outer  edge  slightly  curviMl,  the  inner  i^^'^v  and  sides  forming  a 
connnon  curve;  all  excejjt  the  first  2  or  3  separate^l  by  the  side  arm  plates.  In  the  young,  the  upper 
ann  plates  are  more  widely  sepanite<l,  and  are  nearly  i)ointed  on  the  inner  e<lgt».  Uiuler  arm  plaU's 
al)out  as  long  as  broad,  the  outer  t^lge  nearly  stniight,  the  sides  straight,  or  reenteringly  curved,  the 
innvr  e<lge  point*Hl;  all  are  sepanitt**!  by  the  side  arm  plates.  Tentatile  scales  2,  (piit*^  large.  Oral 
shi(*lds  of  nuHlium  size,  wi<ler  than  long,  roundtMl  without,  but  poiuteil  withm.  Adoral  plat*»s  rather 
large,  meeting  within.  0ml  impilhe  3  on  each  side  of  each  jaw,  the  basal  one  very  much  the  widei<t, 
the  other  2  small  and  nearly  iHpial;  when  prctsscnl  t4>gether  the  oral  papillai  can  wmipletely  close  the 
mouth  slit.  No  Unith  papilhe.  Teeth  5,  flat  and  thin,  the  lowi»st  the  smallest.  Interbrachial  spaces  mon^ 
finely  scaled  than  disk,  with  1  pair  of  genital  slits.     Color  in   life  (juite  uniformly  brownish  or  gray, 
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more  or  UfN*<  tiiiely  inottleil  with  whiti.^h,  the  lower  Hurface  yellow  wh.  Outer  eiuLs  of  nulial  shieUls 
alnutst  always  very  light,  jriviujr  theappearaiiee  of  a  white  gjMit  at  the  \yase  of  eaeh  arm.  Very  younj? 
in«livi<liials:  have  the  <lir*k  bright  orange. 

liniifji, — Arctir  Ocean  to  New  Jen<ey,  low  wati*r  to  (jO  fathoniH.  Alsri  on  the  c»>aat  of  Europe  well 
into  the  Meiliterraiiean.  Lyman  refiorta  8|>eeimen8  even  fnnn  near  the  (ape  of  (to<xI  Hope,  98 
fatlmnis,  an<l  lunir  AiL«<tralia,  120  fathoms,  but  the**e  pn>bably  represent  sjiecieH  whieh  in  life  would 
fc?how  niarke<l  diffen^nces  from  stjimmala. 

Il>  nmrks. — Thi.<  i.*^  the  commonef^t  an<l  most  wi«lely  «listributt*<l  of  the  <»phiuran8  in  the  Wo<xls  Hole 
n-gion.  It  is  common  in  N'ineyanl  S<»mi(i,  es|>ei*ially  ju.**t  ea-st  of  Nol>ska^  and  is  reporte<l  abundant  at 
Newix»rt.  We  als4»  t«H»k  it  at  Crab  Ix^lge  and  off  Sankaty  Head,  and  specimens  were  bn)ught  in  from 
I^ni  Island  and  the  VaA  r«»nd  at  W«mm1s  Hole.  The  latter  wen*  very  small,  and  were  found  on  the  eel 
gniss.  1  am  iuilebtnl  to  Dr.  II.  F.  Perkins  for  one  of  these,  a  lx?autifully  staine<l  and  mounte<l  sixfinien 
with  disk  half  a  millinieter  in  <liameter.  Adults  occur  on  njcky  or  shelly  Inittom  and  generally  are 
found  in  the  intersti«*es  and  «-avitit»s  of  the  stones  and  shells.  The  breeding  season  is  in  the  summer, 
and  in  July  and  -\ugust  the  adults  nearly  always  omtain  eggs  or  young,  for,  as  is  well  known,  this 
sjH'cies  is  vivijuirous.  Often  one  of  the  interbra<'hial  si>ace8  will  )>e  found  swollen  ami  of  a  slightly  pink 
shade.  If  oi»ene<l,  it  will  i)eseen  to  contain  the  bright  pink  eggs  of  a  (tarasitic  cru8ta<*ean.  The  eggs  of 
the  brittle  star  an*  yellow,  orange  or  reddish.  The  <levelopment  of  this  spe<*ie8  is  without  metamor- 
phosis and  has  l>een  studml  in  part  by  several  olieervers  in  Europe  and  by  Fewkes  ('87)  in  thb? 
country,  but  much  still  remains  to  l)e  done.  Fewkes's  pajxT  c*ontains  interesting  notes  on  the  bree<ling 
and  other  habits  of  adults. 

6.  Gorgronocephalus  agBSsizii  (Stimi»s<»n).     " Baxket  FUW;  '"Spider.'^     (PI.  6,  tigs.  ;^,  ;}6;  pi.  7, 
figs.  4.'>— 47. ) 

F.tinfil'  *rntntnmi\i}\\\i\.  IMl  diot  of  Blalnvilk). 

iinfj^iuif' iihtihi}f  lUfHit^iizii  Lyman.  I.s.v2. 

Ih.<u-riftfion. — .Vniis  .">,  divi<ling  dichot4miously,  but  miecpially,  11  to  15  times,  and  {K*rhaps  more; 
branches  «»f  un«*<iiial  length,  and  alternating,  so  that  if  the  left-hand  bninch  of  the  first  fork  is  the 
longer,  the  right-hainl  branch  will  !h'  longiT  at  the  next  fork,  the  left  hand  at  thethinl,  the  right  hand 
at  the  fourth,  and  so  on.  Disk  40  to  SO  mm.  in  diameter;  length  of  anu  140  to  iJHO  mm.;  bn^adth  of 
arm  at  bas<*  S  to  10  mm.;  at  first  fork  10  to  IS  mm.  True  arm  spines  wanting  (Lyman).  Disk  more 
or  less  llattcncd,  with  radial  shields  very  pn>minent  as  raisinl  ridgi»s,  coven*<l  with  a  thick  skin,  which 
b*  usually  «|uite  suMMiih.  but  often  In^irs  granules  or  l«»w  blunt  spines,  som<'times  in  largi»  numliers, 
esiHiially  at  the  center  *>(  the  disk.  Margin  of  disk  sharply  «lefine<l  by  a  band  of  plates  comitvting  the 
outer  ends  «»f  the  radial  shields.  The  latter  an*  long  and  narn»w  and  nesirly  mtvt  at  ivnter  of  «lisk; 
although  sometimes  nearly  sm«M»th,  they  usually  K'ar  munennL<  knol>s  or  thick,  blunt  spina's,  a  milli- 
nieh-r  hiirh,  more  or  less.  rp|K*r  surfai-e  of  arms  iH'autifully  curve<i;  on  the  hist  few  sulnlivisions there 
is  a  faint  l«»n;:itndinal  gnnive;  the  surfa<v  may  l»e  sm<M>th  near  the  Uise  and  along  the  sides  for  some 
distafice.  though  generally  coven^l  with  c<Kirs<' granules  which  an*  at  first  irn*gularly  disjMistHl,  but  after 
alniut  the  si'cond  or  third  fork  In'gin  to  form  incomplete  rings  alMUit  the  arm.  After  alM»ut  the  sixth 
fork  the  granules  are  confinnl  almost  wholly  to  these  rings,  which  hmhi  l>e<*ome  rai.^iNl  ridges,  aUnit 
2  granule*-  wide.  l'ndef>ides  (»f  arms  nearly  fiat,  sm<M)th,  the  numenuis  small,  irn^gular  undemnn 
plat»"s  «juite  evident  in  dry  si»ecimens.  Tentacle  M-ales  iL«ually  li,  sometimt»s  4,  at  l»;i.**e  of  arm  2  or  1; 
the  lirst  tentacle  jMin*  h;L**  none.  These  siiih's  an'  spine-like,  and  alM>ut  a  millimeter  long.  Near  the 
tijis  of  the  arms  there  are  only  2  or  even  1,  but  there  they  a>*iu me  the  form  of  little,  tootheil  h<N>ks. 
No  or.il  shields  or  adoral  plates,  but  the  jaws  are  surroundeil  by  a  wide  t-ircle  of  <'alcan*ous  plate's 
coin lectini:  the  b:t.<<'s  of  the  arms.  Tcvth,  ttn.»th  i»apill:e,  an<l  mouth  ftapilhe,  all  alike  and  spinifonn, 
alMint  L'n  \n  numln'r  on  each  jaw,  and  al>out  2  mm.  lo;i^.  Inter)>nichial  si«u-es  nearly  triangular  with 
a  roinide<l  jMiint  inward,  coven^l  with  a  thick,  sm<H»th,  or  mon*  or  less  granular  skin,  and  containing  a 
single  pair  of  geiiitiil  ojH'iiings  near  their  outer  e^'gi-s.  At  the  inner  i>oint  of  one  of  the  interbnichial 
spaci*s  is  the  single,  large  madn*iM»re  plate,  which  is  wider  than  long.  Color  in  life,  disk  and  interbrachial 
si»a«'es  brow  n,  of  variable  shade,  but  usually  dark;  nulial  shields  often  lighter;  arms  cream  <olor,  yellow, 
brownish-yellow,  or  re<l«lish;  some  siH'cimens  have  a  verj'  stnjng  rtMldish  cast. 

Ilniuje. — Arctic  Ocean  and  <iulf  of  St.  I^wrence  to  Crab  I^nlge,  off  Chatham,  Masis.,  and  perha];i6 
even  on  Nantucket  Shoals.     Also  reporte<l  fn>m  VadsT),  Norway.     I^»w  water  to  800  fathoni.''. 

F.  r.  B.  1902— 3«i 
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Heinarka. — This  remarka!)le  uniiiml  is  one  of  the  rarest  of  the  Woo<l8  Hole  Ec'hiiUMlerins,  and  its 
right  U)  a  powition  in  this  list  is  ImuhmI  on  the  re|X)rte<l  capture  of  sjHjeiniens  by  co<l fishermen  near 
Nantucket  Shoals  and  at  Crab  l-.e<ljre.  We  faile<l  to  find  it  at  the  latter  place,  although  trustworthy 
fishennen  have  a8Kure<l  Mr.  Mwawls  and  myself  that  it  is  connnon  there,  "if  you  get  into  deep 
enough  water."  It  is  very  abundant  off  Race  Point,  Pn)vincetown,  Mass.,  in  35  fathoms,  where,  in 
August,  1902,  I  brought  up  123  fine  spei'imens  in  a  single  haul  of  a  small  dreiige.  At  that  place  the 
basket,  tish  bree<is  during  the  latter  part  of  August,  and  these  specimens  were  full  of  the  ripe  rej)ro- 
ductive  cells.  It  is  calle<l  by  the  fishermen  "spider,"  and  the  particular  spot  where  it  occurs  is  known 
locally  as  the  "spider  ground."  Almost  nothing  is  known  of  the  habits  and  absolutely  nothing  of 
the  development  of  this  remarkable  ophiuran.  Young  si)ecimens  with  the  arms  only  once  forked 
have  the  <lisk  (.-overed  with  scales,  and  are  said  to  resemble  OphiopholM.  One  of  the  8iK»cimens  taken 
at  Pn)vincetown  had  5  madrei>ore  plates,  but  dissei'tion  showwl  that  there  was  only  1  stone  i^nal. 
The  history  of  the  discovery  of  the  Ixasket  tish,  and  its  original  description,  are  very  intt^restiug,  and 
are  given  very  fully  by  Lyman  ('t55). 

ECHINOIDEA. 

SEA-URCHINS,  SAND-DOLLARS,  CAKE-URCHINS.  SAND-CAKES,  ETC 

The  echinoidH  are  less  represented  in  the  Woods  Hole  region  than  any  other 
class,  for  there  are  only  4  species  known  to  o<*cur,  and  of  these  1  is  extremely  rare,  and 
1  is  found  only  in  deep,  cold  water.  The  4  are  so  unlike  each  other  that  there  is  no 
danger  of  confusing  them;  but  it  must  I )e  borne  in  mind  that  the  young  are  often 
unlike  the  adults,  for  not  only  do  the  primary  spines  increase  in  number  with  age, 
but  the  number  and  arrangement  of  the  j>oriferous  plates  also  undergoes  a  marked 
change  in  many  cases.  In  the  cake-urchins  (cl3^iK»astroids),  moreover,  there  is  a 
marked  change  in  the  shape  of  the  test,  jDosition  of  the  anus,  number  and  appearance 
of  lunules,  etc.,  as  the  animal  increases  in  size.  The  following  terms,  used  in  the 
descriptions,  require  some  explanation: 

Abacthud  «ni<tein=i\\i'i  group  of  ])lati%)  forming  tbe  ai>ex  of  tbe  ttwt  (or  near  it)  including  tbe  genital  and 

ocular  plates,  and  in  true  urcbins  tbe  anal  plates  also. 
Ambitwi—iXn*  line  of  largest  borizontal  circumferen(v  of  tbe  test. 
Buccal  pl(Ues=a,  circle  of  plates  on  tbe  peristome  around  tbe  moutb. 
Bntnchud   mcimms=i\oU^\w^    in    tbe    tnlge    of     the    iK*ristome,   Ix'tween    the    ambulacra    and    the 

interandndacra. 
Coronal plaU'8=VLuy  vertical  series  of  plates  running  from  tbe  aluictinal  system  to  the  iK'ristomc. 
Genital  phUe«=i\u.*  five  large  i>laU's  terminating  tbe  inti'rambulacra  al)actinally. 
ImjierfonUe  <M/>iTc/<';f<=tulK'rcles  tlu»  top  of  which  is  not  centrally  depn*sse<l  or  vertically  jH'rforated. 
Xu7m/f'«=slit-like  oiH'uings  piercing  tlie  test  fn»m  abactinal  to  actinal  surface. 
Miliary  )q>uu»={\w  smalU'st  spines  of  the  test,  usually  on  very  insigniticimt  tul)ercles. 
(ktUar  plaU'H^Ww  five  plates  terminating  the  aiidndacni  abactinally. 

Pcrisiomv=i\w.  portion  (►f  the  actinal  surface  surrounding  tlu^  mouth,  covere<l  with  a  membrane. 
PeialH=^i\w.  figures  forme<l  by  the  jxirifenjus  zones  of  the  ambulacra,  of  flat  or  irregular  echinoi<lH. 
Porifenma  zoni»=i\\v  vertical  areas  occupied  by  the  |M>n'S  through  which  the  fei*t  pass. 
Primary  ;«y>m<>t=the  large  spines  situated  on  the  largest  tul>ercles  of  the  test. 
^Secondary  »pine»=»\nni*t^  internuMliate  l)etween  primaries  and  ndliariiw. 

Key  to  the  KvhinoiiU  of  the   Woodjf  Hole  region, 

Tcist  iiciirly  heiniHphcrk'ftl,  with  Hpincs  of  iiuxlomte  or  large  hIzc. 

Spines  long;  c<>lor,  deep  re<l,  purple,  or  brown  to  nearly  black Arracia  rcNtTULATA 

yplne«  short,  numerous:  color,  green  or  yellowish;  spines  sometimes  re<ldish  (»r  purple-lipped. 

Strong YUKrF.NTRoTl'8   I>R0BA<'HII5N8J8 

Test  discoidul,  flat,  with  very  numenms  minute  spines. 

Test  without  lunules K<:ii  in  a  racii  n  its  tarm  a. 

Test  with  five  lunules M  ellita  pkntapora 


Fbts.  48-A2.  Arimrla  pmirhilala  Inntnnil  riic).— 4N.  A 
SO.  8l<le  view  <■(  twi  witnoiit  s|.iri-n    -ii,  Aluiral  vl 
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1.  Arbacia  punctulata  (I^iiian*k).     Common  tkn-urchin.     (IM.  7,  tipj.  48-52.) 

Ki'hitui;*  pHiuiHlatuj^,  Lamarck,  islg. 

Arbiicin  punctuiain.  Gray.  183o. 

Ei'hintH'idariit  ilarijdi,  Aga^siz.  1«6:5;  Vcrrill,  1H66. 

lk'j*crip*ion. — Diaiiu'UT <»f  tt>t  .'50  to  50  nun.;  height  L5  to  25  nnn.  D=2  IL  more  or  lesp.  Length  of 
longi*st  ^^i>ine^!  20  to  25  mm.;  <lianieter  of  anal  Fvstem  4  to  H  mm.;  <liameter  <»f  whoU*  almctinal  nysteni 
10  to  15  mm.;  diameter  of  i>eri.<tome  15  to  25  mm.  Te^t  somewhat  Hattene<l,  sloping  marke<Ily  towanl 
ambitus,  whieh  is  nearly  eireular;  aetinal  surface  Hat,  the  iH*ristome  only  slightly  sunken.  Branchial 
incisions  <leep,  with  pn»minent  everte<l  e«lges.  Anal  plati^  normally  4,  occa.«ionally  8  or  5.  Ocular 
plati»s  (  nulials)  excludinl  fn»m  the  circumanal  ring  in  young  sfXH-imeiLs,  but  in  ohl  oni-s  1  or  2  sometiuies 
enter  it  slightly,  (ienital  plates  (basals)  large,  the  mailre{K)re  plate  evi<lently  largw*t.  Ambulacra 
straight,  narrow  alH>ve  the  ambitus,  but  wider  lx*low.  Porifen>us  zoni'js  narrow,  with  large  jxirefi,  in 
sini]>le  jttiirs  <lorsiilly,  then  in  arcs  of  8,  and  on  the  very  e<lge  of  the  peristome  jKjlyserial.  Spines*  few 
near  the  aluictinal  system,  the  upjKT  half  of  the  me<iian  interambulacral  8pQct»  l)eing  entirely  free  fnmi 
them;  stH-<jn<lary  and  miliar}' sj>inesaltogt»ther  wanting;  primaries  longitudinally  striatt-nl,  longest  at  am- 
bitiL»<,  shortest  near  abat'tinal  system;  thosi*alM)veand)itus  |)ointiH.l  or  blunt;  those  at  ambitus  and  Ix^low 
flattene<l  and  mon*  or  less  nmndeil  at  tip,  and  often  with  a  me<lian  longitudinal  riilge  then»;  thoec 
nearest  j»eristome  shorter  and  more  or  less  spatulate.  Primary  tubercles  smoi)th,  imperforate,  in  a 
double  serii's  on  ejich  ambulacnun;  in  4  to  8  or  more  stTies  on  i'ach  interambulacnim,  i*(  which  the 
2  middle  serit*s  are  smallest,  with  only  4  or  5  small  tul)ercle«  each,  while  the  outennost  are  as  long 
as  the  ambulacral  series.  Transverse  rows  of  interandmlacral  tubercles  obli<jue.  All  tubercles 
dimini.^h  in  size  from  ambitiL<  upwanl.  A  sjiecimen  with  1)=36  mm.,  H=18  mm.,  has  13  coronal 
plates.  Buccal  plati*s,  5  {uiirs,  prominent.  Color  in  life,  re<ldish  or  purplish  brown  <»f  some  shade* 
varying  tn»m  a  light  dull  n^ldish  to  almost  black;  tulie  fiH*t,  brownish  retl. 

Haiuje. — Nantu<*ket  Shoals  and  Wtxnls  Hole  to  west  Florida  and  Yucatan;  l<»w  water  to  125  fathoms. 

Remurk*. — This  is  the  common  sea-urchin  of  the  Wo<hIs  Hole  region.  It  is  abundant  at  many 
places  in  Vineyard  S)unil,  and  is  common  in  Hadley  Harlx>r  and,  at  times,  an»und  the  Fish  Commis- 
sion wharf.  We  t<M>k  one  sjxH'imen  off  Sankaty  Head,  Imt  none  at  Crab  lA*<lge.  In  spite  of  its 
abundance,  we  know  little  of  its  habits,  an<l  its  <U'velopment  is  only  j»artially  known,  (larman  and 
Colton  ('82)  have  jmblisluMl  some  notes  on  the  <levelopment,  and  Fewkes  (*81)  has  also  cimtribute<l 
to  our  knowltMlge  of  the  early  stages. 

2.  Stron^locentrotus  drObacliieiisis  (O.  F.  Muller).      (imn  Mn-urchin.     (PI.  U,  tigs.  5,*i-57. ) 

E*'fiiiinM  flriUHirhimyi."  i>.  F.  Mijllcr.  1776. 
Kt'hinni*  lunhrtint  Laniun*k.  ISh). 
Erhinux  frrnunlaris  Say.  Iv27. 
Strtntfj'flot^i  ntrtttns  rfditnuf  ntnfttu'  Bniiull.  ls;{5. 
K''hiiiHi<  i;niiiul'itus  (ioiiM  1S41.     lK'}^»r.  IMs. 
TitX'tpii'  iistt  s  iiriih<irhii  nfis  A>rii>*iz.  1M6. 
Knrij'  rftintis  ifrnmifiifm*  VtTrill,  isOC. 
y.nritir/iinnfflr'ttnirfiit  usis  Vi.-rrill.  IHit't. 
Sliijnit'iliM't  ntrittuft  *lriplnu-hi»  nfin  Al .  .\j;ax*iiz.  Is"?*. 

pfsrriptinii. — I)iameter  of  test  U)  to  SO  mm.;  height  25  to  45  mm.;  1>  =  1.75  to  2.25  H.  Length  of 
longi'st  spines  10  to  14  mm.;  diamet«Tof  anal  system <>  toS  mm.;  diameter  oi  whole  altactinal  system 
15  to  20  mm.;  <liameter  of  jH'ristome  18  to  25  nnn.,  very  much  largtT  in  j>ro|»ortion  in  young sinrimens, 
sometinu'S  i'A)  fK'r  cvnt  of  the  <liameter.  Test  more  or  less  flattentnl,  curving  at  first  very  slightly  then 
abruptly  to  the  cin-ular  ambitus,  actinal  surface  flattene<l,  the  jH'ristome  siuiken  4  to  t>  mm.  Branchial 
incisions  rather  small,  and  iu>t  very  dei'p.  Anal  j»lates  at  tirst  2  or  8,  but  incn»asing  in  numlHT 
with  aire,  ailults  having  .'i5  to  40.  Ocular  plates  (ra<lials)  largi',  two  entering  circumanal  ring  to  a 
marked  degree,  (ieiiital  plates  (liasiils)  very  large,  the  ma<ln.'iM>n*  much  the  largi'st.  All  the  plates 
of  the  abactinal  systt'in  carry  miliarii*s,  though  they  arv  few  <»n  the  ma<ln'iM»n*.  Ambulm'ra  broad  at 
till*  aml)itus,  narrower  al  the  jn'ristome,  though  then*  they  an»  much  wi<ler  than  intemmbulacra. 
Porifen»us  z«»nes  broad,  with  numerous  small  jnin^s;  pairs  of  jM»n*s  in  oblique  tnuisversi*  si»ries, 
abniptly  U'lit  at  outer  end;  numlHT  of  pairs  in  each  S4*ries  varit's  Hunewhat  with  agi»,  but  is  usually 
fnun  4  t<»  (>;  oblupiity  of  series  varies  much  with  agt',  in  very  small  sjH^cimens  approaching  the 
vertical — in  «»ld  siK'cimens  more  nearly  horizontal.  Spines  numerous  all  over  the  test;  j>rimaries 
longitudinally  striati*<l,  jK>inttHl  but  not  very  sharp,  l<mgt»st  at  ami  alnive  ambitus,  shortest  around 
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j>eriHt()iiu*;  K'nnidaricH  similar,  but  iniu'li  shnrter;  miliarias  vtTV  j^lciulrr.  Priiiiarv  tiilKTclcs  siiuMith 
ami  iinpt'rf(>raU%  a  doiiblo  series  on  each  ainlMilacriiiii,  ami  also  on  eaeh  inteiiiinhularniin.  On 
the  ainlmla<.Ta  the  series  of  j)riniaries  are  separate<l  by  a  <lou]»le  series  of  seeoinlarie«,  wiiile  2  or  8 
series  of  seiHjmlaries  on  the  jxiriferous  zoui's  form  transverse  lines  iK'tween  the  arcs  of  the  jMires. 
On  the  intvrambulaera  there  an^  alM)iit  H  series  of  secondaries,  4  In'tween  and  2  outsidi'  of  eaeli  j>rimary 
series.  Miliary  tulM'rcles  cn-cnr  all  over  the  t^'st,  on  Inith  amlHilacni  an<l  interambulacra.  A  siKHnmen 
with  1)  =  30  nnn.,  H  =  17  mm.,  has  22  conmal  plates,  while  one  with  I)=(>0  nun.,  11  =27  nnn.,  has  .*J5. 
Buccal  plates,  5  jwiirs,  larjre  and  iK'arinj^-miliaries.  IVdicellaria'  nnm«*rous,  long  stalked.  Color  in  life 
prevailingly  green;  the  testgn»en  or  greenish  white,  j)nrj»leor]nirj)lish  white,  the  jK>riferoiis  ztmes  mark- 
e<lly  lighter  than  the  rest  of  the  test;  spines  gnvn  wilh  yellow,  rmI,  or  j>nrj>le  ciist,  es[>e<-ially  in  young 
specimens;  sometimes  the  actinal  sj)ines  are  bright  violet,  while  the  abactinal  may  Ik*  tii^KMl  with  re<l 
or  violet;  pe<licellaria  an<l  miliary  spuies  whilish;  tuben-les  whit**;  tnU'  feet  whitish  or  pale  violet. 

Range. — C^ircumpolar;  southward  in  the  western  Atlantic  to  New  Jersey  (not  in  shallow  water  south 
of  Cai»e  Cod);  in  the  F^astern  Hemisphere  to  (in'at  Britain  an< I  Norway;  in  the  North  I*a<*ific  from 
Kamchatka  U)  Puget  Sound;  low  w^ater  to  640  fathoms. 

Rt'inarkx. — In  the  W<H»ds  Hole  region  this  northern  urchin  is  found  in  abundance  off  Sankaty  Head, 
^antucket;  it  is  (*onunon  at  ('rab  Iie<lge;  it  has  Ikhmi  taken  at  several  points  in  Vineyard  Sound,  and 
it  occurs  in  10  to  20  fathoms  off  (iay  Head.  At  Cnib  Ix'dge  the  sjH»cimens  we  t«H>k  were  all  small,  but 
off  Sankaty  Heiid  a  large  nundnT  of  goo<I-size<l  imlividuals  were  securtMl.  In  spite  of  the  fact  that 
this  is  one  of  the  commoni^st  an<l  l>est  known  of  sea-urchins,  no  connecte<l  lU'count  of  its  development 
has  ever  l>een  published,  although  the  egg,  segmentation  stages,  pluteus,  an<l  young  are  all  well  known. 

3.  Echinaraclmius  parma  (I^marck).     Stuid  Dollar.     (PI.  10,  tigs.  58-<)2. ) 

ScuUilap<inna.     lAHiuiTvk,  IMG. 

EchiiMrachnim^  aOuiiticuif,  (imy  IS'J').    Stlmi»Hun,  IbSlJ. 

Kchinararhtiiiix  paniia,  Omy  IMilT*. 

ScutcUa  tri/oria  Siiy,  IMi'H. 

DcHrrlption. — Test  greatly  nattene<l,  closely  oi>vere<l  with  mimite  spines,  which  art*  shortt^st  ami 
UHist  uniform  on  the  abactinal  surfac(»,  longer  at  the  margin,  and  longest  in  the  intcrradial  areas  at  the 
l)eristome.  And>ulacra  obvious  abactinally  as  widely  <»jH*n,  somewhat  nlituse  "jK'tals,"  extending 
more  than  halfway  to  margin;  actinallythe  and)ulacra  apjK'ar  as  furrows,  widest  at  peristome,  and 
when  more  than  halfway  to  the  margin,  giving  off  a  prominent  branch  <ui  each  side  at  an  angle  of 
about  45°;  all  3  furn)ws  run  to  the  margin,  and  the  main  furrow  may  be  continued  abactinally. 
Al)actinal  system  approximately  centnd;  genital  |M>rt»s  4.  Anal  opening  abactinal  in  very  young 
siHH'imens,  maiyinal  in  adults,  actinal  in  very  large  <»r  old  s[M*cimens.  (>nc  of  the  latter  gives  the 
following  measurement^^:  Longitudinal  diameter,  7S  nun.;  transvtirse  diameter,  78  mm.;  vertical  diauj- 
eter,  12  nnn.;  diameter  of  abactinal  system,  S  nun.;  length  of  anterior  jnMal,  2()  mnj.;  U'ligth  of  jKisterior 
I>etal,  24  nun.;  length  of  spine  at  margin,  1  nnn.;  length  of  s|>in(^  at  peristome,  .">  nnn. 

In  very  young  s|H'ciniens  the  [irojMirtions  are  somewhat  <lifferent;  thus  a  specimen  S  mm.  K»ng  is 
oidy  7  mm.  broa<l.  The  greatest  tranversi'  <liaineter  is  not  always  thniugli  the  abactinal  system,  but 
mav  l>e  consi<lerablv  back  of  it,  ami  tlie  abactinal  svstt'in  niav  Ik*  «'onsideniblv  in  front  of  the  center 
of  test.  Thus  in  as|H'cimen  12  nnn.  in  longitudinal  <IiainetA'r  thcci'iiterof  theabactinal  system  is(>nly 
5  nun.  from  the  anterior  vi\\iv  of  tlie  test,  and  the  greatest  tranverse  <liameter  is  through  a  j»oint  only 
4  mm.  from  the  |M)sterior  e<lge.  Tlu'  relative  wi<lth  of  tin*  petals  varii's  greatly;  it  may  Ik*  anywhere 
from  37  t(»  50  per  cent  of  the  length,  (-olor  in  life,  dull  brj»wnish-re<l,  varying  from  iiesh-red  in 
very  young  siK'cimens  to  a  deep  re«ldish-bro\vn  in  adults;  interand)ulacra  <listinctly  lighter  than  the 
ambulacni,  which  are  ipiite  re<l.  When  place<l  in  fresh  water  or  alcohol,  (»r  even  when  simj»ly  drie<l, 
the  ccilor  changers  to  a  bright,  though  <lark  green,  which  afti'rwanls,  in  dry  specimens,  bec(»mes  a  dull 
bn>wn.     The  ban',  bU'ached  tests  are  of  course'  whiti'. 

IioiHjf. — l^ibnulor  to  New  .Jersey;  also  lM)th  si<les  of  the  Pacili(!  Ocean,  fn)ni  \'ancouver  to  .Japan, 
and  (according  to  Aga.<siz)  India,  .Austr.ilia,  an<l  the  Red  Sea.     T^)w  water  to  S8S  fathoms. 

ICt'liiarkH. — This  curious  siK-cii's  is  verv  connnon  (»n  sjtmlv  Iwjttoms  in  Vinevanl  S<»und  and  on  the 
Nantucket  Shoals.  The  finest  si^'cimens  were  taken  near  the  (ireat  Round  Shoal  Lightship,  Nan- 
tucket, in  12  fathoms,  many  of  them  iH'ing  .S  inches  or  more  in  diameter.  The  saml  dollar  is  said  to 
l>e  an  im{K)rt-ant  arti<*le  (»f  foo<l  for  fioumlers  an<l  codtish.  It  lives  more  or  less  buriiMl  in  the  sand, 
moving  about  very  slowly,  chiefly  by  means  of  the  spines.  The  develojmient  hiL«  been  studied  and 
oartiallv  di'scrilxKl  bv  Fewkes  ('86), 
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4.  Xellita  pentapora  i  f  liiiflin^.     Ktu-hnh-  VrrUin.     (1*1.  in,  \\)s*.  y<\-i>\.) 

Si'iitrlla  t/tn'iiifin  fnro  I.;iiniin'k.  l^lil. 

/■'««•»»/<»  juntiinn'i  L.  Ai^aviy:.  l»*ll. 

.IftUihi  i/uiii'/iii/'i't  L.  A;r;i>>i/.  l**!". 

M'HU't  tti'tiiiliii'irid  «;rjiy.  K»7. 

Mfllitit  !>' iit'ii>fi,'t  I.utkt'ii.  l"!".!.     Vrrrill,  1"*7:'..  ♦•!  s*t\. 

MillUn  imtinfiiiiif'i  \\*'\.  AirM'-"!/.  1^72. 

Ih'urrl/ttini,.  Trst  vtTv  Hilt,  oftt'ii  \vi«l<T  tluiii  lnn«;  wlu'ii  fully  jrnjwn,  tnin<^te<l  iM»Ht«»norly,  covorcMl 
with  very  nliort,  ih'lij-.itt' spinrs,  \vhi<h  an*  lMiiirf>t  ;u*ti!ially,  *'S|HH'ially  near  tlir  inaiyin  in  tlu*  inh*r- 
radii,  anmml  th«»  |n*ri>t«)iiH'  or  iMinliTJnir  tho  lunuK's.  Tht^re  an*  5  of  tli«*  lattrr,  1  in  \hv  jKwU'rior 
iiitcmiilins  an«l  1  in  rarli  nulins.  «'xcri»t  tin*  anti'ri<»r  nnr.  AnihuhnTa  oltvimis  abactinallv  as  hluntlv 
rf«in«ltHl,  iM*arly  clns*'*!  '*|M'tal>."  n«»t  *\\\'\U'  n'achin^  tin*  hinuh*s,  tin*  |Misteri<»r  jtair  loiijjtT;  actinally 
tlu'  anilMilarni  apjM-ar  as  shallow  fnrr«»ws.  tht»  anterior  running  to  tlu'  margin.  tlu»  otht^rstMnlinjcat  the 
hiiuili*s.  Ahartinal  systt-ni  iM-rmtric.  lyin;:  a»»trri«»r  t<»  thr  criitor  whilr  tin*  mouth  is  <lin'ctly  Ih'Iow; 
genital  ]M»rt'S  4.     Anal  o|H-nin^  a<tinal:  in  a«lnlts,  at  thr  proximal  vu*\  of  the  interradial  hinule. 

A  jroiMl-sizj^l  s]KH'im('n  jrives  the  f«»lln\vinjr  measurements:  lx>n^itu<linal  diameter  110  mm.;  trann^ 
verse*  diameter  115  mm.:  verti<al  dianu-trr  10 mm.;  diameter  of  ahactinal  system  0mm.;  lenj^h  of 
anterior  \H'ta\  .'52  mm.:  Irn^th  ni  jM»st«*rior  jK-tal  '»v»  mm.:  h'u^rth  of  int«'rradial  lunule  22nnn.;  wi<lth  of 
interradial  lunule  .'»nun.:  distanr<'  from  margin  2omm.:  len^h  of  iM»st(>ro-nurial  lunule 24  mm.;  width 
of  |Kisten>-ra<iial  lunuK'2mm. :  distance  from  margin  oinm. 

The  <liffen'iu-e  l>etween  the  loniritudinal  and  tninsverse  «liamett»rs  is  not  always  as  marktHi  an  in 
the  H]MH'imen  'jiven;  ni<»reovt*r,  vi'ry  yountr  s|>eeimens  have  tin*  lunules  only  ]>artly  former  1  or  wantinjr. 
In  a  s{H*eimen  o  mm.  in  diameter  there  are  n«>  lumiles.  hut  the  position  of  the  internulial  one  is  indi- 
catiHl  hy  a  slijrht  aetinal  depn'S.**ion.  A  s|MM-imen  12  mm.  in  diameter  has  the  interradial  lunule  fully 
form«*«l,  the  de«»|  jell  in;r«»f  thisaetifial  d«pressi«»n  havin«r««>ntinued  until  theahaetinal  .^^urfaee  WiU<  j>ieree<l; 
the  nidial  lunules  are  ari>inj;  as  not<he<  in  the  i-dires  of  the  t^'st.  These  marginal  not«'hes  (Uh^jhmi,  and 
finally  the  outer  sides  «rn»\v  to-^ether.  thiL<  intlosin^  tlu'  hinule.  Color  in  life,  hn»wnish-yellow;  in 
aIn»hoh  rather  ^reeni>h. 

Jiaiifjr. — Nantneket  to  r»ra/.il.  in  shallow  water:  nire  and  lo<al,  n«»rth  of  C  ajx*  llattera**. 
Jiriinirl:^.    -This  siHM-ies  i>;  adriiitt»«l  to  the  list  of  the  W«mm1s   Hole  eehino<lerms  «)n  verv  seantv 

1  mm 

evideinv.  \'errill  < 'T-JAi  ree(.rd>  it  from  Nantneket  on  A^a^siz's  authority,  and  dead  sjK*eiinens  ( l>are 
tests)  are  oeeasionaily  taken  in  Vineyanl  Sound.  When*  these  eonie  from  is  a  ijuestiou  yet  to  In* 
answ«'rtN|.  Mr.  (Jray  telU  hh-  om-  wa>  taken  in  the  sound  in  the  summer  of  V.H)\,  Dr.  ('a>\vell  <irave 
(ItMrj)  has  puhli«-h»d  a  hrief  au'l  partial  aerount  of  the  lar\a  of  this  sjKMMes,  and  I  am  ind<'hte<l  to  him 
f(»r  some  of  the  details  of  the  alM»ve  ilexripliiin  of  the  adult. 

HOLOTHURIOIDEA. 

HOLOTHURIANS.     SEA-CUCUMBERS. 

The  holotlmi'iaiK  make  up  iin»re  than  niH»-tliii(l  of  the  \V(M)(Is  Hole  oehiiKKlorins,  1 

Imt  althotitrh   the   miniher  of   -^|)e(•ies   i>^  (•(ui>Ni<iera}»le,  in  iuinih<'r  of  individuals   th<»  ' 

^^  I.  • 

ast<»n)i(K  and  e(hin<»id^  far  outrank  tli'Mii.      None  of  th<^   nine  siXH'ies  aro  suffici<»iitlv  i 

(H)nim<»n  and  *xenerall\  (li^trihuteil  to  ix*  nt>tieed  h\  an  inexjx»ri<Mieed  ohserv<»r,  and  it  { 

is  th<»  (»xcei)tion   father  than  the   rulw  to  lin<l   a   holothurian    in    the*  dredj^e  anywhoro  ' 

iu   the  Woods  Hole  reHrioti.     Tliere  are,  however,  tlire(»  ^pecie*^  (  7////'////  ///vV^/v^/x  and  | 

tlio  two  Sf//t///ff(/j<),  wliieh  one  who  knows  where  and  how  to  look  can  always  ()1)tain,  ' 

and  th(»se  wo  ruav  fairlv  call  coiuinon.  TUo  reinainin<r  ^ix  arc  of  uneortaiu  oeeur- 
roneo,  and  while  two  of  them  may  he  expected  to  oceur  at  th(»  prop(»r  locality,  tho 
others  are  di-stini-tlv  rare  an<l  of  tineertain  oeetirrt'nee.  I  have  n(»v<»r  seen  aiiv  of 
those  four  livin<;r.  Fhe  various  ^|)eeies  can  h(»  distin*rui>^he<l  from  ea<*h  othor  with 
coinpanitiv(»  cast*,  and  few  of  the  t<M-ms  use<l  in  tin*  d(»s(ri[)tions  will  nood  any 
explanation  to  anyone  at  all  familiar  with  eehino<lerm  anatomy.     Th(»  names  applied 
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U)  the  calcareous  particles  in  the  skin  are  purely  arl)itrary,  hut  are  (juite  ^enenill^' 
used,  and  the  fijjfures  j^iven  will  prevent  any  niisunderstandinj^.  It  nnist  he  lK)rne  in 
mind,  howc^ver,  that  as  holothurians  increase  in  age.  the  calcar(H)us  i)arts  underj^o 
considenihle  chanj^e,  either  l)econiing  larger  or  smaller,  more  irregular  or  less  so, 
and  fewer  or  more  abundant.  The  amhulacral  appendages,  esixM'ially  the  f(»et,  are 
frequently  nuich  more  numerous  in  adults  than  in  young,  and  i)igment  is  always  more 
a1)undant  with  age.  But  the  following  key  ought  to  enal)le  anyone  to  distinguish 
even  very  young  individuals  of  the  species  given. 

Keij  U)  ihf  IIolothunnuA  of  the  W(^nh  Ilnh  rfg'um. 

Ambulacrnl  apiiendiu^M  In  the  form  of  ftnn  (po<lifC'l8)  i»r««»nt,  at  leant  tm  the  anibiilncm. 

PtHlicols  chiefly  or  wholly  confined  to  amhulacni:  some  wattere*!  ones  may  U'  |»n»M»nt  <»n  the  Imrk. 

Sire  large,  up  to  300  mm.;  color  Nome  Mhade  of  bn>wn <'r<-rMAKiA  fkonikiaa. 

Size  small,  IcHHthan  (K)  mm.:  color  white  or  whitixh (*r(  tmaria  imlciikbrima. 

l*iMlicelR  Hcattered  over  the  wliole  iHKly.  thouKh  the  ventral  amhulacruni  may  Ik*  diMtinetly  tlertne*!. 

Size  large,  75  to  225  mm.;  Unly  not  noticeably  attenuate<1  posteriorly;  color  very  dark Tii  vonk  itKiAKKrii. 

Size  Kmall,  lew  than  75  mm.;  iKMly  much  atteniiatiHl  iwwtoriorly;  wilor  !>rown Tii  vonk  m'arra. 

Size  nmall,  lew  than  »k)  mm.;  iMMly  not  atteruate<l  p«»MteriorIy:  color  white  or  whitiNh Tiiyonk  tnisemita. 

Ambulacrnl  apiH^idageM  In  the  form  of  ikhUccN  wanting. 
Tentacle**  15;  posterior  end  of  Ixxiy  tail-like. 

Caudal  appendage  long;  no  re<ldiHh  dcpo!<iti*  in  the  nkin Caiiuna  arknata. 

Caudal  api>endage  Hhort,  abrupt;  n'ddl.»<h  deptwitn  in  the  skin Trimhostoma  oolitici-m. 

TentacU»s  12;  no  tail-like  apiH>ndage. 

Color  white  or  yellowi.»*h:  radial  pie<'eM  of  calcan'ous  ring  pierciMl  f«)r  piu-njige  of  nerv<*x Svnaita  inh.krknh. 

Va\\ot  red  «)r  pinkish;  radial  pi«*<*en  of  calcan^ous  ring  simply  notched Svnaita  i:o»<ki>i.a 

1.  Cucuxnaxia  frondosa  ((Jimncnis).     Sta-rurtimhrr.     (IM.  11,  lijrs.  (VS,  iU\\  pi.  12,  lij^*.  7<>-S(). ) 

Ihtfothurin  fnmdom  (Junnerus.  177U. 
nadiHUictijUi  jtrntnctrit  (lould.  1K41, 
Cunimai'iaJnnuUmi  Forbes,  1H41. 
lititrytHiartyUi  (jrandin  Ay  res,  1851. 
Jitttnj(Hlarti/l(t  ajjliii*  Ay  res,  1851. 
lUmUtvUi  f random  Stim|>son,  1H53. 

Dem^rlptUm. — Iami^Ui  in  life,  iionimlly  oxtemliHl,  250  to  300  nnn.;  may  oxtond  to  (iOO  nun.  c»r  morts 
diameter  of  IkmIv  JK)  to  100  mm.,  or  nnieh  lew  wlien  eonHi<leral>lv  ext<'n<U»<l.  In  life  ventral  snrfiice 
nuieh,  <l(»rsul  conHitlerably,  tlattened,  with  nideH  eurvinj?  npwanl;  anterior  en<l  tnmeated;  i>osterior 
end  blnntlv  ronn<le<l.  When  disturlxMl,  the  l>o<lv  eontraetn  to  sneh  an  extent  that  it  iH^romes  ovoid 
or  ellipHoidal,  or  almost  spherieal,  and  nniscMnn  Hj>eeimenH  UHiially  show  mon»  or  lew*  of  siieh  ciM\- 
traetion.  Tentaek»s  10  (sometimeH  \)  or  11),  of  apj)roximat<»ly  iH]nal  size  and  much  l)r.uu*he<l;  rather 
short  an<l  stout.  I*e<lieels  rather  larjre,  and  forming  a  broad  series  on  emrh  ainbulaerum,  while 
slijjhtly  smaller  and  less  jHTfei't  ones  are  s<'att4're<l  over  the  dorsal  interambnhieni;  all  lark  the  usual 
terminal,  i)erforate<l  ealeanHius  j)late.  Caleart»f)iis  dei)Osit«  consist  of  irrejrular,  usually  snuxith,  iK»r- 
foniti*<l  plates  (fig.  78),  the  size,  numlwr,  and  distribution  of  whieh  vary  jrrt*atly,  Ihoujrh  they  art*^ 
api>arently  most  abundant  in  the  yoimj?.  The  lar^jest  i>lates  (V\^.  80)  are  near  the  eloa<'al  oj>eninjr, 
though  they  do  not  f«)rm  so-e^lled  "anal  t4H»th."  At  the  base  of  the  jxHlieels  and  tentacli^s  the 
j)lat(»s  lK»c<mie  more  irn»gular  (fig.  79),  an<l  often  l)ear  minute  proj«M'tions,  (»r  more  or  Urss  ]»rominent 
ridges.  Caleareous  ring  (fig.  70)  very  slen<ler  for  so  large  an  animal,  and  more  or  less  imjK^rfeotly 
develojHMl,  jn'rhaps  according  to  age,  l)eing  more  ]x»rfect  in  smaller  spiM'imcMis;  radial  piiH*es  some- 
what wider  than  internidial,  with  a  very  wi<le  and  dtvp  not^-h  in  the  |>osterior  mai*gin;  the  inter- 
radial  i>i«»ct»8  not  notc^hed  ]K>steriorly.  Stone  <*anal  single,  of  mcnlerate  size,  an<l  pn)vidcd  with  1  to  0 
ma<ln:*pore  plates  (fig.  77).  Polian  vessel  usually  single,  very  long,  100  nun.  more  uv  less.  Color  in 
life  deep  rtx  Id  is  h- or  purplisli-l)n»wn,  <larke.st  (m  the  dorsal  side  and  much  lighter  below,  sometimes 
nearly  whit<';  jx'dicels  often  with  a  strong  roseiite  tinges 

Haugf, — (Ireenland  t)  Nantucket;  also  Iceland  and  Spitzl>ergen  to  Norway  and  the  south  coast  of 
England;  low  water  to  2(M)  fathoms.  The  n'porte<I  occurremv  of  this  s|H'ci(»s  on  the*  Kl<»rida  Ii«K»f  is 
almost  c<^rtainly  a  cjise  of  mistaken  idcntifi<ration,  and  the  nu-onls  of  \\ja  tKTurrence  on  the  co:ist  of 
.Vhiska  and  in  the  North  l*a<Ml?(!  are  very  probably  biukul  on  ( *iictimaria  jajHwira  Seminar,  which  seems 
to  l)e  <|uite  a  <listinct  sjieiries. 


J 
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Fljp.  &i.  66.  rN'Nmnrin/TOM-Iom  frmo-tuilf  imtiirsl  .i«-i.-i;-..  Si.l.'  vipw.    r,6,  I>i>p«I  vien 
Fig.  87.  T»sn>i'  hrinrrm.     Uonwl  vi.'W  i  tmliinil  siun. 

FtftK.6N.HI.   n«uwniti>nBi(.i.iuiliinl*[u'i.^M.  sidwUn,    <».  Wnlnil  tion. 
Fi|[.70.  tVnMMr<>i  (.iifnkrWMa.    SMc  vi<-w  itmKInil  ^ia-.. 

F%:  ^'  TVnrknrtHiita  wVUiraiii.    Silk'  vfrw  ••!  nrntrHr-Mfl  Ll<-«li<ili.'  ^|.nilll<-n  inamnil  >ut 

Flu-  TS-  OuvlliM  fiviMhi.    tiiile  Tlrw  iit  i-iiiilnnK-l  ■li-'dmllc  sini-imrn  i  iMiunil  finj 

Flic.  14.  SjitiaiM  (hAutiui.     INnnBl  vi>'H'  mniiinil  -izv  . 

Pig.  75.  lij/Hapla  riKOila.     Dorwl  vivtr  itiHIiinil  sla... 
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plalea  froni  akin  ( x  l»l .    78.  IV-rlm 
clnaral  openlni-  (x  45). 
riioi.HI-tfl.  aiamiirfiifMlHtrrrtimi.— 81.  Twopli 
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Rrmarbf. — This  larpe  and  uot'u'eable,  <me  mijrht  even  pay  handsoni**,  holothurian,  so  abundant  on 
the  coast  of  Maine,  just  enters  the  Wooils  Hole  rejrion  as  a  resident  of  the  shoals  esist  of  Nantucket. 
In  October,  ISiM,  Mr.  I^lwanls  t<M»k  6  sj>eciniens  in  23  t<»  25  fathoms,  some  15  miles  east -southeast  of 
Sankaty  Head,  Nantucket,  and  in  Aujrust,  1902,  we  t<M)k  2  ^oo<l  sinvimens  in  12  fathoms,  al  out  8 
miles  off  Sankaty  Head.  The  latter  wert»  riiidy  to  bn^e^l,  the  n»pro<lu<*tive  plands  Ikmuj;  fully  rifie; 
This  sea-cucumber  feeds  uiM^>n  small  |>articles  of  orjranic  matter  picke<l  up  by  the  tentiicles.  It  seems 
to  prefer  jrenerally  mrky  or  shelly  l)ottoms.  The  larva  is  re<l,  and  passes  throujrh  a  metamorphosis, 
but  the  development  is  not  fully  known.  r>r.  William  Stimi>son  n^jMirts  this  spe<-ie8  as  not  only  edible^ 
but,  when  IkuUnI,  **iu«  pahitabh*  :t**  l<»l>stcr." 

2.  Cucumaxia  pulcherrima  (Ayrcs).     (PI.  11.  liir.  70;  pi.  12,  figs.  81-85.) 

Pnttaitu  in  jnilrfitrrimti  ,\yn'«.  l^.'»l.     VtTrill.  IsT'.ib. 
Tht/oiir  jtnlifirrrimn  SonifK-r.  l.SiN. 
('iininiarin  jiulcfirrrinifi  IjuhiktI.  IHsT). 

J)eM-riftfion. — Ix-ngth  50  nun.  or  less;  diameter  20  mm.  or  less.  IVmIv  ovate,  the  two  ends 
stronply  uiHMirve<l  (at  least  in  i>n*serv<»<l  spt'cimcns),  so  that  the  ventral  ambuhuTa  an*  much  hmger 
than  the  <lorsal.  Tenta«-les  10,  the  2  vt-ntnil  mn<h  smaller  than  the  others.  Pinlictds  numerous, 
ci)nfim^l  entindy  to  ambulacra.  Cah-jireous  d<'|M)sits  chiefly  in  the  form  of  tables  (fip.  84),  which  are 
ver>'  densely  crowde<l  toJ^'ther,  so  that  the  skin  is  quite  hanl.  These  tables,  when  simplest  and  most 
symmetrical,  have  a  disk  perforat<*<l  with  4  holes  and  a  small  spire,  usually  ma<le  up  of  2  ro<ls  with 
few  teeth  at  the  apex;  but  very  frcipiently  the  ilisk  is  irn'jndar  in  shape,  and  has  fJ,  8,  10,  or 
more  holes;  in  the  jK^lic^'Is  the  disks  of  the  tables  an'  elonjjate<l  until  m^r  the  tip  of  the  foot  they  are 
simply  supi>i»rting  nxls,  usually  havinjr  the  ends  jK'rfonit<*<l;  tenninal  plates  pn^sent;  the  tentacles 
contain  ver\'  few  supjHjrting  nwls  (li^'.  85),  and  they  an*  chiefly  small  and  of  ver>'  irregular  shape. 
Cl<xi<*al  ofK'uing  surroundtnl  by  5  tufts  of  jK^licels,  3  <»r  4  in  each,  which  are  almost  rigid  with  their 
cn»wde<l  dejxjsits;  just  within  the  eloaral  ojK'ning  is  a  ring  of  crowdi^l  esdcareous  plat4's(fig.  83),  but 
so  far  as  one  can  judge  from  pn*serv«Ml  material  then*  an*  no  true  "anal  t^vth."  Close*  to  the  cloaca! 
op<»ning  the  calcan'oa^  dei>osits  InM-ome  very  mu<-h  cn»w<le<l  and  incn*a.««e  in  size,  thiL<i  coming  to 
n'semble  large  irnyular  iMTfonite<l  plates,  often  with  si-jircely  a  trace  of  the  spire  left.  CaU^reous 
ring  (fig.  81)  well  develo|KMi,  (juite  high,  the  radial  pieces  with  very  l«»ng  and  slen<ler  {posterior 
pn»longations;  ston*'  <'anal  single,  tenninating  in  a  large  madn'pore  plat*'  (fig.  82).  Polian  vessid  single, 
small.     Color  white  or  whitish.  '* 

Range. — Vineyard  Sound  to  Fort  Johnson,  Sojith  Can»lina;  low  wat**r  to  5  fathoms. 

Rnnnrhx.  Perhaps  no  one  of  our  holothurians  is  less  often  sei»n  alive  than  this  one,  nor  is  there 
any  of  whost*  habits  h'ss  is  known.  The  original  s|KMimen  was  taken  in  shallow  water,  <m  the  coast 
of  South  ('an>lina,  bnrie<l  2  inches  in  the  sand.  loiter  the  s|>e<'ies  was  foun<l  at  Fort  Macon,  North 
Carolina,  and  in  Vineyard  S»und.  Prud<len  and  Kussell  dre<lgi'<l  sptviniens  "off  Holm€»s  Hole** 
(Vineyanl  Haven)  in  4  to  5  fathoms,  .«i  Verrill  ('73/;)  re|)orts,  but  he  gives  no  <  late  nor  any  other  factn. 
I^irge  mnnl>ers  are  fn^piently  washe<l  up  on  th**  lK*ach  near  Noliska  Light,  on  the  north  shore  of  the 
Sound,  after  long-eontinued  or  hard  easterly  storms;  but  in  spite  of  very  thorough  <lre<lging  and 
trawling  in  all  depths  from  the  sh<»n'  ouiward,  a4'n»ss  to  the  Vineyanl,  Mr.  l*>lwanls  tells  me  he 
knows  of  no  sjH*rimens  having  Ihhmi  found,  so  that  the  habitat  and  habits  of  this  spe<*ies  are  still  an 
enigma,  and  naturally  the  life  hi.^tory  is  miknown.  During  the  winter  of  19tti  there  were  a  nnml)er 
of  s|HHMmens  washed  tip  on  the  bathing  lH*ach  at  W«hx1s  H(>le,  on  the  ciistem  side  of  Buzzanls  Bay. 
.Mr.  <iray,  who  very  kindly  s^'ut  me  the  specimens,  says  that  then*  hiwl  Ikh^u  a  long-i'<mtinui*<l  perio<l 
of  heavy  westerly  winds.  In  these  sjM'eimens  the  repnwhwtive  glands  wen'  verj'  well  develope<l,  of 
a  bright  orange  yellow,  and  their  condition  wouM  s«H»m  to  indicate'  that  bn*e<ling  o<*curs  in  the  late 
winter  or  early  sj)ring. 

3.  Thyone  briareus  (l>«'sueur).     (htnumn  Tfujonr.     ( IM.  11,  fig.  til;  pi.  13,  figs.  95-102.) 

Ihtlnthurin  hrinrfUf  IX"siHMir.  I.v21. 
Sd^lrrtninctyln  Urinrfun  .\yn'M.  1K.'»1. 
Aunj)*riitt  hriftm  Hit  rourtalr**.  1n.'»1. 
Thtjtntr  brinrrmt  S<'l«Mikji.  IS^'.T. 

DtJif'riftiioii. — Ix'ugth  up  to  225  mm.,  according  to  the  stat«»  of  contraction,  a  fair-size<l  specimen  in 
nonnal  condition  lieing  S5  to  100  mm.  in  length  and  25  to  30  mm.  in  diameter.  P<».sterior  end  of  the 
Uwly  rather  abniptly  taj>eri ng  and  |K>int<Hl  when  normally  extende<l,  but  not  at  all  attenuated;  often 
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more  or  loss  blunt  and  roundod  acconiinjr  to  amount  of  contraction.  (Moa<'al  o]K*ning  t^^Tiiiinal, 
HurroundcMl  hy  5  groups  of  nlcnder  papilUc;  just  within  tho  cloaca  is  a  well-<levelo]>e<l  calcart»ous  rinjr 
(figs.  101-102)  with  5  prominent  radial  projc<*tions,  which  apjH'ar  from  the  outside  as  teeth,  and  are 
usually  referrtMl  to  iis  "anal  teeth."  Tenta<'les  10,  the  2  ventral  nnicli  smaller  than  tlu'  (»thera,  which 
are  caj)ahle  (»f  c<^msidera])le  ext(*nsion  and  are  much  hranchetl.  IVdicels  rather  small,  very  nuniiTous 
all  over  the  IkmIv,  occasitmully  divided  by  very  narn>w  lines  into  5  hroad,  ai)pan'ntly  mdial,  bands; 
many  of  the  j)e<licels  <»f  the  dorsid  si<le  taper  to  a  point,  and  are  thus  more  or  less  papillif<»rm. 
Cal(»r€»ous  (h»iK)sits  in  ailults,  wanting  in  most  ]>arts  of  the  Ixnly  wall,  but  pr(»sent  at  each  end  of  the 
b<Hly,  and  in  the  pedicels  and  tentacU^s;  more  numenms  in  young  than  in  old  individuals.  These 
<leposits  are  in  the  form  (»f  tabli»s  (fig.  97),  plates,  and  nwls;  tables  with  a  more  or  less  s<|uan-  <lisk, 
lx'rforate<l  by  alxmt  8  holes,  and  a  spirt*  made  up  of  4  nither  short  nxls,  with  one  cross  bar,  ending 
in  single  teetli.  Such  tables  are  CimfintMl  almost  wholly  to  the  two  extremities  <»f  the  ImhIv.  In 
the  jKHlicels,  which  are  provided  with  a  large  tenninal  plate  (fig.  98),  the  disks  of  the  tables  are 
elongated  and  curve<l  to  form  supjwrting  ro<ls,  and  as  such  they  often  lack  spires  (fig.  9^M.  In  the 
tentacles  the  calcareous  supporting  rods  (fig.  100)  are  so  numeroiu**  as  to  make  the  tnmk  and  j»rincipal 
branches  ahnost  rigid,  and  occur  even  to  the  tijw  of  the  smaller  branches;  around  the  base  <»f  the 
I  tentacles  are  some  scattere<l  plates  perforate<l  by  six  or  more  holes.     In  very  yoimg  individuals, 

specimens  an  inch  long  or  h»ss,  the  bo<ly  wall  is  f>ften  crowded  with  tables.     ('alcarc»ous  ring  (fig.  95) 
well  develope<l,  rather  stout,  the  radial  pieces  with  nuKlerately  long,  slender  prolongations.     Stone 
canal  single,  with  a  large  matlrepore  jdate  (fig.  96).     Polian  vessels  usually  1  .or  2.     Color  in  life  dull 
bn)wn  or  black,  the  jXHlii^ls  light^^r,  often  quite  reddish,  the  disks  fnHiuently  yellow. 
Range. — Vineyard  Soun<l  to  Texas,  low  water  to  10  fathoms. 

Remarks. — This  is  undoubte<lly.  the  lK*st   known,  to   American  students,  of  the  Woods  Hole 

holothurians,  as  it  is  the  form  connnonly  used  for  lal)oratory  work,     lladh^y  Harbor  furnislu's  most 

j  ;  of  this  material,    Thyone  l)eing  abundant  there,  but  it  is  also  to  be  found   at  Waquoit  and   near 

(  I         •  (■uttyhunk.     Verrill  ('73b)  reix)rts  it  fn»m  Buzzards  Bay  and  Vineyanl  Soun<l.     Tsually  it  lies  buried 

.  •  in  soft  mud  in  shallow  watA»r,  either  the  posterior  end  alone  or  lR)th  en<ls  alM)ve  the  surface.     The 

Bi  currt»nt«  of  water  repeatedly   and  ccmtinuously  driven   from  the  doacal   ojiening  are  often  (piite 

apparent,  especially  in  very  shoal  water.  The  foo<l  consists  of  tlie  tine  organii^  particles  gathen^d  by 
the  tentacles.  Although  this  species  apparently  bree<l8  in  the  summer,  nothing  is  known  of  its 
development.  In  the  winter  of  1903  a  numl)er  of  very  small  si)ecimens  were  washed  up  on  the 
Buzzanls  Bay  bathing  l)ea<^h  at  W(xmIs  Hole,  after  a  perio<l  of  heavy  wt*sterly  win<ls,  in  company  with 
Fj>ecimens  of  C^unimaria  pnlrfurrima.     Mr.  Gray  kindly  wnt  them  to  me  for  examination. 

4.  Thyone  scabra  Verrill.     (PI.  11,  fig.  71;  pi.  13,  figs.  91-94.) 

Thyone  arabra  Vfrrill.  iKTJki. 

Description. — I^ength  up  to  iK)  nmi.  (Theel),  usually  much  le.«s;  Verrill  says,  "Lengtli,  in  alcohol, 
alx)ut  2  inches."     All  the  si>ecimens  whicli  I  have  seen  from  the  WoimIs  Hole  region  were  1(»k«  than 
50  nun.,  with  a  diameter  of  al)out  8  nun.     Posterior  third  of  the  body  quite  attenuate  to  a  rather  sharp 
;{     ji    ,  point.     Cloacal  oj>ening  terminal,  with  5  sets  of  small  papilhe,  Imt,  so  far  as  could  l>e  determined  from 

preserve<l  material,  without  the  so-caIUmI  "anal  teeth."  TentiU'les  10,  bmnched  from  the  base,  the  2 
ventral  smaller  than  the  rest,  which  are  not  very  large.  Pedicels  rather  long  and  slender,  somewhat 
rigid,  quite  numerous,  and  irregularly  arrange<l,  i)rovided  with  tenninal  plates.  Calcareous  dej)Osits 
very  abundant,  especially  in  pedicels,  an<l  tending  to  form  a  rather  brittle,  thin,  and  very  rough  layer 
i  I  over  the  whole  Ixxly  surface;  dejwsits  consist  chiefly  of  tables  (fig.  93)  with  more  or  less  irregular  disk, 

■• .  j)ierced  by  (>  or  more  holes  ( Verrill  says  20  to  24),  and  a  more  or  less  prominent  and  rather  solid  spire, 

made  up  of  2  or  3  stout  vertical  rods,  connectiMl  by  1  or  2  crossbars  and  ti»rminating  in  a  nund)er  of 
teeth;  in  jKulicels,  disks  of  tiibles  elongated,  more  or  less  bowed,  with  4  holes,  and  ends  expandt^l  an<l 
perforated;  in  tentacles,  niimerous  supporting  rods  {\\^.  94),  which  are  usually  more  or  less  perforated, 
es|>ecially  at  ends.  Calcareous  ring  (fig.  91)  well  develoj)ed,  radial  pierces  with  a  remarkably  deeji 
notch  and  long,  slender  prolongations  jK)steriorly.  Stone  canal  single  with  a  large  nuidrej)ore  plate 
(fig.  92).  Polian  vessel  usually  single.  Color  in  life  nc)t  rworded;  alcoholics  8j>ecimen8  are  brown  or 
yelhnvish-brown,  pe<licels  lighter. 
I  Range. — (Jeorges  Bank  and  Bay  of  Fundy  to  Vineyard  Sound,  Narragimsi'tt  Bay,  and  jK'rhaps 

'  even  to  Delaware  (Th<*el);  10  to  (>40  fathoms. 
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Vlgn-fll-M.  I'AiMW  uraftro.'-Ert.  Two  jilMa  of  calcarentis  ring  (n  A),    <>U,  Mnilrnpiire  plKle  (x  (U).    93.  Tsblcs  Flniii  oktli: 

Bidp  and  i^iienial  tU-wh  I  •  1M>.    iU.  9ii|i]wrUiiR  hidBfruni  tfUWIn  (  -.  lAOi. 
rig*.  ari-io-J.  TliH'mf  brtamu.—'JII.  Two  iil'"'*^"' w'>^r<^ui>  rlwl  X  O).    W.  MKcln'|)ore|>lii.Ce  (  «  aJi.    VT.  ThIiIwi:  otili'Mwl 

mltrnpil  viL-iva  i  »  ISBi,     ««.  TMiiliniil  plalo  ol  jnfiUcpJ  tx  BOi.    Kl,  SojiimrlliiK  rods  Irora  jwdicels  { <t  IMj,    Joo,  Bilp- 

Knliiu  rdilmrn  ti'iiliu<liw  (X  1AE).    101,  CitlMIHiniicliiK  Inim  eJoBM  (  X  &).     102.  ('■It-unoiK  dni,  Ul'l  flot  anil  iM«n 
mi  miter -Ktr- 1  ■  m. 
Flgn.  lit).  104,  niiiilUia  nmiila. — KH.  ?Dit  nl  t»Ii»r»iiu  ring  1  >:  A) .    IM.  Tnbltv  Injru  nkln  <k  IM). 

Trtfhn'l.^n  •MHIrmi.—JOl:  Pnrl  ol  fiitPBnwu*  rtnB<j<  8),    10(1,  lOT.  Tnblw  fnmi  tkinfy  IMl,    ICH.  fo-t-- 
iir^-HU'ilitniKUnlx  isa). 
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JUinark'jt. — This  is  another  of  those  liolothurians  of  wliich  we  know  altojrether  too  Jittle.  It  was 
lirst  «ln'<ltr<'<l  on  (u'on^res  Banks  in  1872,  an<l  Verrill  afterwanls  found  it  in  the  llay  of  Fiindy.  Tht'»el 
(iHS^i)  rt»jx>rti»  siHH'iinens  from  off  the  <*Ma*<t  of  Delaware;  they  wen*  reniarkal»ly  hir>re,  and  he  «ayH 
**the  anus  iM^sses******  rive  calcanfjiis  teeth."  Verrill  does  not  mention  "anal  t<*eth  "  nor  <*alearei>us  ring. 
Tlie  latter,  Th«Vl  sjiys.  res^Mnhlrs  tliat  of  Thtfone  Jnjtn.y.  I  have  never  set»n  a  livinjr  si>e<'imen  of  thiH 
s|»e<it*s,  hut  in  the  fall  of  I8^»,  l>r.  11.  ( '.  Bnmpus  sent  me  some  aln»holie  sjHH'imens  wliieh  1  nmler- 
stiKxl  were  <lR*<lj;e<l  in  Xarn\gans4*tt  l»ay,  and  I  haveals^j  had  5  sjje^'imens  dn*<I^re<l  by  the  Fiith  I/ntrl'  in 
Vineyard  Sonn<l  in  V.K)\.  None  of  thest*  s|KHimens  wen*  much  over  40  mm.  in  lenjrth.  They  answer 
well  to  Verrill's  description,  ex»i*pt  that  the  disks  of  the  tal)lt»s  rarely  contain  20  holes,  wliile  lie  says 
20-24.  Tlu'el  siiys  tliat  in  his  sjhh  miens  the  holes  were  S4»metinu*s  as  many  a«  20.  As  for  the  **anal 
teeth"  whi<h  he  mentions,  they  may  have  In^en  due  to  the  ajfe  of  his  s|HM-inien.  which  was  twice  the 
size  of  any  of  mine.  It  is  l»y  no  means  «ertain  that  smfirn  is  n^ally  di-^tinct  from  the  European  fusns, 
hut  tlie  matter  <'aiiiiot  Ih»  dt;cide<l  witliout  mon'  material.  Naturally  we  know  nothing  of  ibi<  liabits 
or  development. 

5.  Thyone  unisemita  iStimpnm).     (  Tl.  II,  Til's.  IkS.  «;*i;  p|.  1l>,  tijp».  S»;-90.) 

('iirninnrin /iixiOfniiiit  I>fv<»r.  !**!*<  i /i'//*  ForJwv'. 

Auaji^niit  tuii.<^  iiiitii  Stirnp'»<m.  \<A. 

Sft  rnulf  nun  nnif^mitn  Ayn'>.  \<>]:  Vt-rrill.  I'^Til":  Tli«'«  I.  ls*«*'.. 

Thtmnf  iinmiiiit'i  Ludwijf.  l**if_». 

rh:<rriptinu. — l><'ni;th  7.'>  mm.  (  Verrill  i  or  less:  diameter,  when  normally  extended,  about  one- 
thinl  of  the  length  or  less.  B«.dy  ta|H'riiii:  to  ImiiIi  ends,  which  are  more  or  le}«s  curved  upwanl. 
('loa<*al  o|H'nin^,  terminal,  not  providt'd  with  **ti*eth,"  and  with  no  Hj>e<'ially  prominent  ])apilUe  al>out 
it.  Tentacles  10,  2  ventral  smaller  than  the  others,  which  are  rather  lonjr  and  slender,  stalked,  and 
not  profusi'ly  hranche<l  at  tij».  lVdi«vls  short,  <|uite  uniformly  di.«tribute<l  over  the  dorsal  surface  and 
on  the  sides;  ventrally  there  is  a  tlistinct  double  row  in  the  niidventral  railius,  and  on  eaeh  side  a 
narrow  strip  <f  skin,  wholly  free  fmm  jK'dicels;  it  is  from  this  jieculiar  arrangement  that  the  specMes 
lia<  n*<HMve<l  its  name.  Calcareous  de|M>sits,  ]K'rlorate<l  plates  (fijr.  81*),  iHostly  regular,  and  with  4 
holes,  but  often  lao:er.  irre;:ular.  and  with  more  hoK^s;  plates  iLsiially  smooth,  fretjuently  with  knobs 
in  the  |>edicels,  which  lack  tenuiiial  plates;  supjM»rtinir  hmIs  ( tijr.  9())  rather  few,  broad,  flat,  with 
narrow  holes,  sometimes  with  knobs,  and  <M'ciUJi4»nally  projecting;  spines;  in  the  tentacle**,  supporting 
pmIs  ( ri^.  ss  I  lanje.  i»i'rNirated,  and  ratluT  numerous;  near  the  tips  of  the  branchej*  they  are  much 
<urve<l.  (ahareous  rin^r  <  tiL^  >^> '  well  develojK'il,  wide,  radial  an<l  interradial  pieces  of  nearly  equal 
size,  but  the  former  with  a  wider  notch  in  the  iM»steri<»r  margin,  tboujrh  there  are  no  |x»sterior  prolon- 
jrations.  Stone  canal  sinirle,  with  a  small  and  jMM.rly  develo|>e<l  madre|M>re  plate  (tig.  87).  Polian 
vess<*l  single.     Color  in  life  wliil<*  or  yell.>wish-white.  tentacles  orange-yellow. 

lidiifjt . — <irand  Bank,  Xewloun<lland.  to  Narragansi*tt  Bay;  17  to  22  fatlutnis,  prol>ably  more. 

lirtmn-ks. — Anotlu'r  uncnmniMi)  bnlotburian,  of  which  we  i-ollectiil  half  a  <lozen  speeiniens  in 
.\ugust.  liM)2.  at  Crab  Ledge,  on  sandy  and  gnivellr  Inittom.  All  of  these  were  small,  from  8  to  25 
mm.  in  length,  but  sev(T;d  had  theovarii's  lull  of  apparently  maturi'  eggs.  Stimj>s<m's  specimens  from 
<irand  Bank  and  M:b->achu>etts  l»ay  wen*  abiut  2  inches  in  length,  while  a  s|H*cimen  dre<lge<l  by 
l'a<kard.  south  of  Marthas  \'ineyard.  was  alniut  .*>  inches  long.  SiKfimens  kept  alive  at  the  labora- 
tory wen*  very  sluggish,  and  extended  tin*  tentacK»s  very  little;  the  color  of  the  latter  is  in  striking 
contra>t  to  that  of  the  IkmIv,  liesides  the  localities  already  meutiom»<l,  this  s|M*cies  lub*  l>et*n  taken  on 
Nantu<ket  Shoals,  off  <  Jay  Head,  and  in  Narrag:ms4*tt  Biiy. 

6.  Caudina  arenata  ((iould).     (Plate  11.  tig.  7:i;  j.late  Hi,  tigs.  10:5,  104.) 

\'hir«flnta  nrnintn  (inwhl.  IMl. 
('nu'iiiin  nnwitn  Stiin|»<>ii,  IsTv'.. 

Jhsrrijtt'uni. — I^eiigth  100  to  17.%  mm.,  with  a  diamet«»r  alwiut  one-<Mghth  a.**  great;  the  posterior 
third  of  the  animal  constitutes  what  we  may  <iill  the  <'audal  portion,  and  this  has  a  diameter  of  only 
a  few  millimet<*rs.  Integument  tninshnvnt  and  siiHM»th.  or  rinely  gnniular.  Cloatral  opening  terminal, 
surn>unde<l  by  T^  very  small  papilla-.  Tenta<les  lo,  espial,  each  with  four  sh<»rt,  tingi^r-like  digits.  Cal- 
<*:in'ous  de|)osits  (tig.  KM  i  in  the  form  of  tables,  with  sni<M»th,  flat,  nearly  circular  or  oval  disks,  each 
with  a  larirt»  <vntnil  hole,  and  a  mon*  or  les-s  n'gnlar  jH*ripheniI  s<*ries  of  8  to  12  holes;  the  central 
hole  apiK*ai>!  from  aliove  like  4,  as  the  4  h*gs  of  the  spin'  cross  it:  there  are  often  a  few  small  holes 
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cnitwde  the  i)eriplieral  circrle;  tho  Hi>in»  in  iiuwU'  up  of  4  hmIh,  which  an»  uiiiUHl  clos*^  to  their  api'X,  and 
l)y  a  croHHpiiHH^  near  tlie  iniddle.  (^ahiiiXH^uiH  r'\\\\i  (lij?.  lOIi)  well  (levelojHHl,  of  iiKNlenite  wi<ltli,  tlie 
nulial  pieeeH  with  not  very  lonjj,  stiuit  iMtsterior  pn>lon^tions,  <U»ei)ly  hut  narn>wly  8eparat4Hl.  One 
stone  canal,  witli  a  single,  terminal  nia<ln»i)on»  plat*^  Polian  vt'WH^l  Hin>;le.  Color  in  life,  jwile  to  dei'p 
fiesh-HNl,  pink,  or  even  purjiliHli. 

Rmufe. — Pointe  du  Chene,  New  BninRwick,  to  (^nttyhunk;  low  water  to  IHJ  fathoiuH. 

Remarks. — This  and  the  following;  HiH»ri(»H  an»  the  ran»Ht  of  the  W(km1h  Hole  holothurianp.  It  is 
admittiMl  to  this  list  on  the  Htn*n0h  of  Verrill's  ('7.*ih)  st^itenient  that  Pn>ft»«8or  Wel>ster  t(M»k  it  at 
WcmxIh  Hole,  and  on  the  exist^Mici*  of  W  small  sjHH'imens  in  the  eolle<'tion  of  the  V.  S.  National 
Museum,  lal)eUHl  "Off  ('uttyhunk,  18j  fathoms.**  I  have  n«»ver  seen  (\iHtVina  alive,  hut  it  is  said  to 
1x1  ahundant  at  Reven*  PH^ach,  Miu^s.,  at  certain  seas<»ns.  Stran^jely  en(^)U};h,  however,  trawlinjr  an<l 
dro<ljj:inj?  offshore  in  that  n*j:ion  faile<l  entirely  to  hrinjr  uji  siKH'imens.  (ierould's  ('iK>)  admimhle 
paper  on  this  sjKH'it^  leaves  nothinjr  to  Ih>  said  jis  to  hahits  or  anatomy.  N^»thinjf  whatever  is  known 
of  the  dev(»lopnient.  Theel's  variety,  nrmnta,  was  taken  in  W)H  fathoms,  in  latitude  .'l'>°  44'  40",  and  in 
1,242  fathoms,  in  latitude  41°  24^  45^'. 

7.  Trochostoxna  oOliticuxn  (Pourtales).     (Plate  11,  lij?.  72;  plate  i:i,  fijrs.  laVlOH. ) 

ChirtnUria  (titUticum  ronrlali'S,  ISftl. 

Mf^pndia  tH/rnilis  Sn rs.  l.soi. 

MttliHitiin  fMifitirn  Si'h'n  ka,  1  S(iT .    Verri  1 1 ,  1 873h. 

TrdchoHtoma  tHttitinim  I)ll^il'l^woTl  niu!  Korcn,  187H. 

Trtichinttonux  thnmMmii  Daiiii'lsson  nnd  KortMi,  1S7H. 

Tntrhimtomn  ttorrfUt  DaniolsMMi  nnrl  Kon'n,  1k79. 

De»cri}ttUm . — length  125  to  150  mm.,  with  a  diameter  ahout  one-sixth  as  preiit;  the  caudal  por- 
tion of  the  IxMly  is  only  ahout  one-ei>rhth  of  the  total  lenjjth.  Intejrnment  rather  thin  and  usually 
quite  smooth.  Cloa<*al  ojH^ninp  terminal,  with  minute  surroundinjr  papilhc.  Tentacles  15,  each 
usually  with  2  (sometimes  ixi.s.*<il>ly  more)  dijrits.  Deposits  in  the  skin  of  2  very  distinct  kinds,  irn»g- 
ular  tahles  (Iikh.  10(J,  107),  and  n»<ldish  or  brown  discoidal  or  ellii>soidal  iKnlie^  (fi^r.  lOS).  Tal)U»s 
sometimes  wanting,  apparently  m(»8t  fre«|uent  in  young  specimens  an<l  Ixvoming  less  friHjuent 
with  age;  they  are  <|uite  iin^ular  in  fonn;  disk  pierce<l  by  holes  which  vary  gn^atly  in  nundx'r  and 
size,  and  spire  also  variable  in  size  and  f«)rm.  "Brown  Ixxlies"  vary  grt>atly  in  size  and  shade  of 
color,  for  they  may  1k»  mere  grains  or  nearly  a^  long  as  the  diameter  of  a  table  disk,  and  the  shade 
ranges  from  brownish-yellow*  to  a  very  deep  reddish -brown;  these  "brown  bodies"  may  be  rather 
s<*attereid  or  more  or  h»s8  crowiUnl.  As  a  rule,  the  fewer  tlu^  tabK»s  the  mon»  the  "brown  iMnliei?," 
and  vice  versa.  In  typic4il  oolitirumj  then*  are  no  tables,  and  the  inti^gument  is  literally  packinl  with 
**brown  Ixnlies."  Calcareous  ring  (fig.  105)  very  stout,  the  nulial  piea»i4  with  very  prominent  posterior 
prolongations.  Stone  canal  one,  with  a  single  madrepore  plate.  Polian  v<»ssel  one.  Color  of  al<M>holic 
sp(K!imeng  very  variable,  according  to  the  abundance  of  "brown  lM)dies;"  where  they  arc  very  small 
and  very  few  the  color  is  dull  gniy,  and  the  lunul  and  tail  are  always  that  color  or  lighter;  where  the 
"bn)wn  Inxlies"  an^  more  ninuerous  they  form  brown  patches  on  the  surface;  if  still  more  abundant, 
the  animal  apjx'ars  yellowish  or  reddish  brown  with  gray  six)ts  of  greater  or  less  size;  and  iinally,  in 
typical  ooIitirHWf  the  <'olor  apix-ars  imifonnly  deep  brown  or  even  almost  bliu'k.  Verrill  (7.'?b)  siiys 
of  a  living  sp(H'i men,  "uniform  flesh  color." 

Range — Hanks  of  Newfoundland  to  south  of  Marthas  Vineyanl,  and  in  the  An'tic  Ocvan  north  of 
Norway  and  SilxTia;  reportt^l  from  Florida  Reef  also;  IS  to  &)0  fathoms,  but  usually  over  50. 

Rnnark'i<. — This  distin<'tly  northern  form  is  admitted  to  the  list  of  WcmmIs  Hole  ecliino<ienn8 
solely  on  the  reconl  of  one  small  si)ecimen  t;iken  by  Proft^ssor  Packanl  and  reix»rte<l  by  Verrill  ('7.''»b). 
Even  the  locality  of  this  siKrimen  is  in  <loubt,  for  on  page  715  Verrill  siiys,  "Off  Block  Island,  29 
fathoms,  sandy  mud,"  while  on  page  510  he  says  "  15  miles  east  of  No  Mans  I^nd,"  and  Blcwk  Island 
is  30  milefl  west  of  No  Mans  IaucI.  The  gemw  Tr(H)h(tBUtmit  is  im»bably  mon»  imiH»rfe<'tly  known  an<l 
its  legitimate  siK»ci«'s  less  well  defincMl  than  any  other  genus  of  holothurians.  After  the  examination 
of  a  fairly  large  series  fn>m  the  colkn'tion  of  the  U.  S.  National  Museum,  I  am  convinced  that  the 
differences  which  wen*  supi)08<Ml  to  aep:irat<»  (>o/i7/V?(m*  and  fporeolettre  unimiM>rtant  and  that  Sars's  name 
is  really  a  synonym  of  PourtiiU*s*8.  I  <*an  not  agree  with  Ludwig  (liKX)),  however,  that  arrtlrum  v. 
Marenzeller  is  identical  with  Innetde,  for  sjHH'imens  of  the  fonner  are  eiisily  se|>arable  fmm  the  latter 
by  several  go<Ml  chanicteristioi.  As  to  Verriirs  tnrrfidum,  if  the  chanu'ters  given  are  constant,  it  is 
also  a  good  species. 


II.  U.  S.F.  C.  IMl. 


Flgn.  109-112.  .Si/Mpdi  inAjwvTii.— 109.  Two  plec™  ol™ipiireraiii  rinit  (■<  <S),    110.  Anchor  Bnil  plate  (x  166). 
clrffnimloixKltiHllnikliniiH'lt'Xx  4.VII.    11^.  Parlli-li-x  from  It'niiu'Ii'x  (  r  4MI. 

fn>ni  1r>ii'ifilii<'l'i"iii  Nmw'lV's  (  -.*  lU).    lin.  l-nnU'li^  Iniin  IciiIhI'W  ( x  l.nUi.* 


rnnd  platr(x  }X). 
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8.  Synapta  inliaereiis  lO.  F.  Mailer),     i'tnnmon  SijuniUa.     (1*1.  11,  tig.  74;  pi.  14,  figs.  109-112.) 

IIoliAhurin  inharrruMi).  F.  Mil  Her.  IT-sS. 
Syuajttn  iuharnut  DuIh*!!  ami  K«»n'ii,  18. li. 
Syiuijpta  tcnui*  Ayn.'s.  l>v>l. 
Synaftta  cfirardii  PoiirtahV.  \<A. 
Synnptu  peUuruin  Ay  res.  \y^l. 
St/unj)in  rtyr/^Wi  S^'U'iikii,  W.7. 
Si/nnptn  grnnli*  Selt-nka.  1h«;7. 
Jyfttiutifnnftin  tritui*  V« Trill,  In".?. 
LfjtttvijnaiAa  ijinirdii  Verrill.  l*«7.Jl>. 

iJein'rlfpfinn. — Tx'njrth  KM)  t<»  !>«►  inm.,  iiinn*  or  h'ss;  diamt'tor  '>  to  10  mm.  IVhIv  sU»n<ler,  ven' 
oxtonsilo,  cvlirnlrit^l.  Intt^Jiiiiu'iit  thin,  in<  r  •  «»r  less  translucent,  sometimes  minutely  nMigh.  Clckairal 
oiM-ninp  tenninal.  Tentacles  12,  with  '.i  to  7  i«urs  of  <lij;its  jiinnately  arnin«n'<l,  and  10  to  20  or  more 
ver}'  small,  sensory  ou|>s  on  the  inner  surfaet'  near  the  l»as<'.  C'alcsin^ons  «le)MisitH  minute  di:*ef)i<lal 
or  im^jnilarly  r<Mm«UNl  l)04lit*s  (tig.  Ill)  in  the  external  layers  <»f  the  longitudinal  nni-'^oU*?*;  similar  hut 
mort*  im'gular  IxHlies  (fig.  112)  at  the  have  <»f  the  tentaeU^,  Upsides  eur\*e«l  knohlKnl  ro<ls  in  the  <ligit8; 
and  anchors  an<l  plates  (fig.  llOi  everywhere  in  the  ImmIv  wall,  smallt*st  anteriorly  an<l  largest  pos- 
teriorly; anchors  with  minute  t^t'th  on  the  outer  side  of  flukes;  plates  with  7  principal  holes,  with 
toothcnl  margins,  and  '.i  large  and  si-veml  small  holes  with  sm<M»th  margins  at  jjoeterior  end.  Cal- 
careous ring  (fig.  100)  wtdl  develo|)e<l,  with  no  pn»jections  either  anteriorly  or  iKw^teriorly;  the  nulial 
pitHX»8  pientMl  for  passage  of  ra<lial  nerv<*s.  Stone  canal  and  Polian  vi^ssel  single.  C4>lor  in  life  white, 
with  or  without  a  more  or  h»ss  pronounce* I  yellow  tinge;  particles  of  re<l  pigment  frequently  lie 
scattennl  in  the  skin,  sometimes  in  sufiicient  «juantity  to  give  a  pink  (-a^Jt  to  the  whole  animal. 

7*«></7f. —Massachusetts  Hay  to  S>uth  Carolina;  aln^  fn»m  the  Arc^tic  Ocean  to  the  Mediterranean 
Sea  in  the  Old  World:  an<l  from  Sitka.  Alaska,  to  Pacific  (irove,  Cal. ;  prr)l>ahly  circnmpolar;  ahove 
low  water  to  110  fathoms. 

Remarh. — This  is  the  nn>st  uniforndy  distril>ute<|.  and  jHThaj^s  the  most  common.  Wools  Hole 
holothurian,  <KX'urring  in  ahundanjt'  along  the  shon-s  of  Buzzards  Bay,  and  also  al)out  the  islands  of 
Unciitena,  Xonamesset.  and  Naushon.  It  is  less  ci^mmon  along  the  Sound  shore,  but  is  found  near 
the  entran(v  to  the  Kel  Pond.  .Vlthough  u.<ually  pn-ferring  a  clean  sand  Ixtttom,  it  often  occurs  in 
soft  mud,  even  though  very  hiack,  and  in  common  in  S4>me  very  gravelly  sjjots.  It  is  often  fonnd 
al>ove  low-watermark.  An  account  of  this  siH'cit-s  and  the  next  lut^aln^ady  lK*en]>ul)li8he<l  (Clark '99), 
so  no  re<'ord  of  the  hahits  nec«l  Ik-  u'iven  hrn*.  Very  little  is  known  of  the  development,  lH»yon<l  the 
fact  that  segmentation  is  total  and  e<jual. 

9.  Synapta  roseola  (Verrilli.     i  PI.  11,  fig.  7'S;  pi.  14,  fi-js.  11:^110.) 

Lt}tl'H'[inoptii  msntfn  Vrrrill.  1*^7:'.N. 
St/nnjttn  rtuttitln  Th('v\.  Ivm".. 

nr.*rripfio)i.  —  Ix'ngtli  HH)  mm.,  rarely  more,  usually  much  less.  B^wly  ver}'  slender.  Integament 
translucent,  very  thin.  s«»ft.  and  delicate.  Cloacid  o|M'ning  terminal.  Tentacles  12,  with  2  or  3  (rarely 
4)  jmirs  of  digits  pinnately  arrangi'd,  and  7  to  l'>  sensory  cups  on  the  inner  surfa<v  n<*ar  lwu«e.  Cal- 
c:in*ous  dcjMisits,  C  or  donirhnut-shaiK'd  ImhUcs  (fii:.  115)  in  the  longitudinal  mus<"h's;  hranche<l,  cun'ed, 
and  |H  rforateil  hmIs  and  plates  (tig.  ll»i)  in  the  tentacles;  and  everywhere  in  the  iKxly  wall  anchors 
and  ]»lates  f  fiir.  114)  similar  to  thos«*  of  the  pnci'^ling  siK'cies,  sometimes  more  slender  an<l  delicate, 
hut  not  alway-.  Calcareous  rinir  (fig.  ll.*>)  r.ithcr  narn»w,  radial  pi(*<\'S  mendy  notche<l  for  ]ia»^age  of 
radial  nervt-^.  Stone  canal  and  P<»lian  ves-si'l  single.  Color  in  life,  nisy  nn]^  var\'ing  from  very  j>ale 
to  «|uite  deep,  ran*ly  rtMldish-yellow;  due  to  munenms  pigment  granules  in  the  thin  integimient. 

Jin)ii/t. — Pn»vincet<»wn,  Ma.*^.,  to  New  Haven  Conn  ;  alsi»  very  alumdant  at  the  Bt»rmuda  Islands, 
when'  it  is  the  <*onun<mest  holothurian;  near  low-water  mark,  alM»ve  an<l  l)elow. 

lirmnrks.  —  .Vt  WcmmIs  Hole  I  found  this  s|HM'it^  oidy  on  th<'  southeastern  side  c>f  Buzzards  Bay, 
fnun  the  l>n*akwater  southwestwanl,  1»ut  Verrill  ('7:^h)  ri'cords  it  from  Xau.«hon.  It  seems  to  prefer 
gravelly  and  stony  In'aches,  and  often  occurs  mider  stones  alH>ve  low-water  mark.  Its  anatomical 
characters  an<l  hahits,  .«o  far  as  known,  have  alri'ady  Ih'^'U  renjnUnl  ((^lark  *9*.)).  Nothing  is  known  of 
its  development,  though  Dr.  Wesley  U.  C<hs  of  Yale  University,  assures  me  that  artificial  fertilization 
is  easily  a<*o»mplishe«l,  and  s<'gnH'ntation  is  total  and  (Npial. 

Olivet  College,  MRTn(;A\,  (hitJhi\  I90J, 
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wirk.  No.  vii. 

'82.     (iarinaii  ami  ('niton. — Soiih'  iiotfs  on  tlu-  lH*vrlopiiu'iit  of  Arbacia  puiirtulata.     Stu<lies  Biol. 

I^ih.  Johii.s  Hopkins  I'liiv.,  vol.  rr. 
'!♦♦).     iicroiiM,   J.    II. — Tlu*  Anatomy  ami   IIi.«^!ol<»i:y   of  Catulina  art-nata  <ioiiM.     Phk*.    Bo^!t.   Six*. 

Nat.  Hist.,  vol.  \xvii. 

Tin.'  inn<{  iiii|Hirtaiit  jmiimt  vt-i  i.iih:i«;h(.<l  tKtiiliu:;  with  tin-  iiiiut.Muy  •»!  oiu*  «»f  Miir  vH-hiiuNliTiiiH. 

ITSS.     ( Jiiirlin,  J.  K.  —  I  jnn;ii  Sy.-ttina  Natum-.      K<litio  \m.      Li|K*i:i-. 

''.♦S.     <M>to,  S. — Tin*   Mrtani»»rpliosi>  «.f  A>t*Tias  palli^la,  rU\     Jour.  C'oll.  S-i..   lnii».   l.'niv.  Tokio, 
vol.   \,  J.t.  .*). 

'41.     <iouM,  A.  \. — Kf|x»rt  <»n  tli«-  Inv<Tt«*l»rata  of  MiUisachuH'tts.     (  aii»l»ri<l;n',  Ma«s. 
VMK).     <Iravi',  ('. — <  )i»liiura  l»n'vispina.      .M«mii.  Nat.  .U'a«l.  Si..  Baltinion'. 

,\ii  iniiMtriaiit  rMiitril»uti<iii  to  ihr  lif«-  Iii*l«»ry  <»f  oin*  of  tlu*  WjkmIs  1I»4K'  hrilllr-stars. 

1W-.     Some  |»oints  in  the  Stnutnrt' an«l  I>rvt*Iopinent  of  Mellita  ti*stinlinata.     John.^  HopkiiiH 

rni\.  C'innlars,  No.  l.'>7. 
'25.     <iray,  J.  E. — On  IC<hinani<hniiis  piirnia.     .\nn.  Phil.,  p.  0. 

';>.i.     On  Arbat*!a  punctnlata.     Pnu-.  Z<mi1.  S<m-..  I^nndon,  p.  58. 

'4S.     Li.<t  of  British  .Vninial.s  i'Xv.     Part  1,  ('fntn»niae.     I>aul(»n. 

'51.     On  Mellita  testmlinaria.     Phk*.  Z<m>I.  Sk'.,  J><m<Ion,  p.  ^^i. 

1770.     <iunneni>j,    J.    K. — IVsrhn^hnn^   <lR*it»r   nor\Vf<:i.«^her  Sti'wurnier.      -Vbh.    <1.    K^\.  .S<*hwtMl. 
Aka«l.  <1.  Wi.ss.     iHMitsrhw  AuspiU*.      I^-ipzi^. 
^V>.     John.^ton,  <J.  —  Ilhi.'Jtrations  in  British  /.tntUv^y.     I.,on<lon's  Mapizini'  Nat.  Hint.,  vol.  viii. 
*S1.     Kiiijrsley,  J.  S. — ('ontrihiitioiii  to  thr  Anatomy  of  tlu*  Ilolothuriaii>i.     Meui.   Peabtnly  Aciul. 
Si'i.,  vol.  I,  No.  5. 

P,K)1.     I*rfliminary   Catalo^riU'  of   Marint*   Invfrtehratu  of  Cahwo  Bay.     l*nx*.    Portland  Soc. 

Nat.  Hist.  vol.  11. 

<;ivt'>  •.".♦  >iM'<Me««  «»f  «'(hiiuxl<TiMv.  of  \\4iirJj  '21  Imvr  Imiii  taken  in  k'.>s  than  50  fathomM,  and  13  wciir  in  the 
\V<nmK  Hole  n-^ion. 

'pi.      I^imarrk,  J.  B.  P.  .\. 'h*.  —  Ilistoin*  Nattin-lh*  <h*s  Animatix  saiL»*  Vcrt^^'brtf*.     T.  iii.     Parw. 
*S.'>.      I^mjHTt,  K.  —  Hit' SiH'\valz«*n.      Wit^sbaMen. 

An  iuif-irtaMi  moiio^rjii»h.  I'Ut  not  lutirly  »o  u^fnl  as  ThOelS  Challfnifer  K*'iN»ri.  lsx*i. 

'24.      I^-sunir,    C.    A.- -Hestription    of   srviTal    ntw   s[HTit's  <»f  Holothnria.     Jour.   Aca<l.  Nat.   Si'i. 
Phila.  v«»|.  IV.  pt.  1. 
17t»7.      Linnaiis,  ('.-  Sv««tcma  Natur.*-.      K«litio  iluoiUM-ima.      Holmia'. 
'tW>.     Ljiin;rnian,    A.    \'. — ( >phiiin»i«I»a    vivintia   Inn-    u.^pu*    n»;:nita.     Ofvfrs.    Kon^^I.    Vet.-Akadl. 
F<»rh. 

*7I.     Samr  journal. 

*92.     Ijnlwii:,  H.  —  Hi«*  St'i-walztMi.      In  P.ronn's  ThitrnMrh,  liaiul  ii.  Abt.  ,'»,  Buch  1. 

Til*'  Iw-t  niotioirrapli  on  lii»l«»tliurian«>  «  v»  r   piiMi«-li«<l.  l»ui  not  <1ialinu  with  tin.*  systenuitir  iiU'Utiru-atkm  of 
forni««  Im1o«  ^'ethT.'i. 

P.MM).     Arkti.-rhr  uinl  subarktis<hr  HolMthurirn.      In  Fauna  .\ntica,  Ban«l  i,  Licferunj?  1. 

'54.      Liitkiri.  ('.  I'.  — OviT^JL't  over  ( ironlamUhavfts  ( >j»hiurfr.      \'i<b'nsk.  .Mt*<M.     Novt^iiiln'r. 

'5i). (  K»M>iL'l  ov«r  V<-stin<lisko  ophiun'r.     Nat.  For.  Vi»k*ns.  Me<l.     Januarv  anil  February. 

»  mi  m 

*5'.».      .\«l<litaMM-nta  a<l  Ilistoriam  Ophiuri<larum,  pt.  iii. 

'»>4. Kritiske   P»cin;«Tkninjrtr  over  f«)rskjelli^e  S« i.»*t jerner,  et4-.      Videiisk.  Me<Kl.     Kjuben- 

havn. 

'71.     Same  journal. 

'»M>.      Lyman,  T. — New  ophiurans,  et«'.      Pro<-.  B<i>t.  S>e.  Nat.  Hist.,  vol.  vii. 
'»M.     <  >phiuri«l;e  an<l  .\strophyti<l;e.      HI.  Cat.  .Mus.  C'omp.  Z<m>I.,  No.  1. 

«  Mie  <•!  tin-  rla«»'»i<-  works.  inili>|H-n*al»K-  lo  ail  >y«.t»inatii-  stmUirt^. 
\S2.      liejMirt  on  the  Ophiuroiih-a.     Challenger  U<'iM»rts.  vol.  v.,  j»t.  14. 

Anoih«T  inxa'nuMi-  work.  l»rinuini:  the  >>  <»leniali«-  history  of  oithinrans  down  to  dale  antl  rontaiBing  much 
\aliiaMe  atiatoinieal  matter  al.M». 

'*.»*.<.      Mra«I,  -\.  I>.     The  Natural  History  of  the  Starti^h.     Bull.  C  S.  Fi.«h  Couinii.<sion,  vol.  xix. 

An  nnn^uall)  iniiMiriant  atid  \ery  inierestinu  i»iiiH*r. 

177*».     MulItT,  o.  F. — ZiMilnjieao  Hanieae  Pro-Ironius.      Hafniae. 
'42.     Mr!lIeran<I  Tro>ehel.     Sy>!«ni  tier  .\>teriilen.      Bnuujsihwei;:. 
'H5.     Norman.  .V.  M. — On  th*  <irn»*ra  an<l  SjKM-ies  of  British  EehintHlermata.     Ann.  Majr.  Nat.  Hist. 

\'.\<    Vol.    \\. 

*^.     Paekanl,   .\.  S..  jr. — A   Ii>t  of  animals  ilre^lire^l   near   Carilj<Mi    FslaiKl.     C-anadian  Naturaliut, 

Vol.  VIII. 
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1777.     IVimant,  T. — The  Hriti^<ll  Zo<>l«»^y,  vol.  iv.     I^»inl<ni. 
'51.     PoiirtiileH,  1^.  F. — ( )n  tlu*  II(»Iothuri:i'  of  tlii'  Atliintic  ('<»ast  of  tin*  Unit«Ml  States.     l*nx!.  Aiiier. 

Akh.  A<1v.  Si'i.     ^Va^<hill^t<)n. 
178.'i.     Kt'tziuH,  A.J. — .Vstcrhr  ( Jt'iins.     VrU-n.^k.  Ai*iul.  Nvu  Ilaiullin^'jir,  iv. 
*61.     Sure,  M. — C)vorHij:t  of  Noiyt'H  KrhiiuMU-niHT.     Cliristiaiiia. 
'25.     Say,  T. — On  tlu^  Sikh'Kv  of  the  Liiiiia>aii  (u'lnis  Astorias,  rtr.     Jour.  Aciul.  Nat.  St-i.  l^liilu., 

vol.  v.,  pt.  1. 

'26.     Same  joiinial. 

'27.     Same  journal. 

'67.     Selenka,  K. — lU'itriijj^'  zur  Anatomic  untl  SysK-matik  «l<'r  Ilolothurieii.     YaM.  f.  wish.  Ztx)!., 

M.  XVII. 
'(W.     SemiK.'r,  C. — lloiwrn  im  ArehiiK.'!  «ler  Philippinen.      PmI.  I.     llolothurien.     lA'ipzi^. 

\  HUiiulnrrl  work.  (<iKi'ially  remarks  Me  fur  tin*  uiiusimlly  k<nn1  ilhistrHtionM.  (Ik>  mlnntl  plaU':^  U.>hi^  |iMrtic*ti- 
lurly  Httmi'tivi*. 

'89.     Sladen,  W.  1*. — UeiMirt  on  the  Anteroiilea.     Challen^zer  Ue|M>rtt<,  vols,  xxx  an«l  xxxi. 
.\  iiiiiHt  iiui>urtaiit  moiioKniph,  the  dtily  scrlniiM  <l«-iVct  of  w  liich  is  Ihr  a)>si'iii'r  nf  a  l>itiH<i^ni|>hy. 

'51.  StinipHon,  W. — DeneriptionH  of  new  Holothurians.     TriM'.  WituX.  Sm*.  Nat.  Hist.,  vol.  iv. 

'52.  New  OphiuranH.     I*nK'.  Hont.  Sh*.  Nat.  ni.»<t.,  vol.  iv. 

'53.  Marine  I nvertehrata  <»f  (rnmd  Manan.     Smithsonian  ('ontrihutioUH,  vi. 

'62.  On  New  (ienera  ami  SiHfies  of  Starfishes,  et«'.     l*roe.  15<«<t.  Soe.  Nat.  Hist.,  vol.  vm. 

'86*i.  Theel,  H. — liep<jrt  on  the  Ilolothurioidi'a,  pt.  ii.     Chalh'njrer  lU»|M»rts,  vol.  xiv. 

Th(>  unc  alM«jlutely  iiiiii}<|H.'iU4iibU'  work  to  I'vt-ry  workrr  on  liolotlniriaiis:  ran  not  Im?  |tmiM.*4l  tiM»  lii^lily. 

'«6/>.     Riv|H)rt  on  the  Holnthurioidea     *     *     *     of  th**  '*  lllake."     lUill.  Mus.  i,Unu\K  Z<x>l., 

Camhrid^e,  vol.  xiii.  No.  1. 
1901.     Tower,  AV.  L. — An  ahm»rmal  ('lyiK'a.»»troi(l  Kehinoi«l.     Z«»ol.  .\nzeijrer.     No.  <>40. 
'66.     Verrill,  A.  K. — On  the  Polyi>s  and   Fit-hintKlerms  of  New  England.     Vrtn.:  liont.  Sen:.  Nut. 

Hint.,  vol.  X. 

An  intcn'Hting  and  in)|N)rtant  imi|k.t. 

'67-'71.     Notes  on  liadiata.     Tnins.  Conn.  Acad.,  vol.  i,  pt.  2. 

'73<i.     RwultH  of  Keeerit  Ih-tnl^'inj:  Expeilitions  on  the  ('<»ast  of  Ni'w  Knjrland.     Am.  Jour. 

Sci.,  1^1  «»r.,  vol.  X.  No.  26. 

'73/>.     Rei>ort  ou  the  Invertehrate  .Vnimals  of  Vineyard  Sound.     V.  S.  Fish  (VmmiiMHiou 

Report.     Washinjrton. 

*74.     Explorations  (►f  Caseo  Hay     *     *     *     in  IST.'I.     IVoe.  \iu.  Ast*.  Adv.  Sei.,  PortlaiKi 

meeting. 

'76.     Note  on  some  of  the  Starlislies  of  the  New  Kn^)an<l  ('oiL*»t.     Am.  Jtmr.  Sci.,  3<1  Her., 

vol.  XI. 

'96.     Distribution  of  the  iM'himMlmn.s  of  Northea.*<tern  America.     Am.  Jour.  Sci.,  3d  wr., 

vol.  xux.  No.  290. 
'99.     North  American  Ophiuroidca.     Tr.ms.  Conn.  A<*a<l.,  vol.  x,  pt.  2. 

AUh(»n^h  th<*sc  s  liilt'N  arc  far  from  «'oiu|»l«'tlnK  tlu*  li^^l  •►f  Vrrrills  valuablr  pafitTN  on  the  crliliM>di'nn«  of 
northetLstcrn  AnirrU-a.  llicv  (■onii»riKi>  thoM*  n'lMirt'.  wliicli  Im-ut  ino>t  (liriM'tlv  oil  Ihc  Who«Ih  Hole  iktiim. 
Thow!  <lat«"<l  ii*;.  '7Mk  'H\.  «»:>,  jin«I  'w  arc  I  lie  most  u>cfnl.  7\',U  l»cinK  cxtn-uicly  helpful  to  all  studeutfluf 
murine  XiN>I«»^y  ut  W(hnIs  Hole. 

1670.     Winthro]»,  J. — Cornvrnin^    *     *     *     a  very  cun«jusly  contrivetl  Fish.     Pliiloisophical  TrantJ- 
actions.     iv.     I^mdon. 

.V  most  interesting  tu'eouiit  of  o'»*»v/w/h«//»/i»i/m/'.     ^St-e  Lyman,  'fii.) 


I  XDKX. 


abdita  ( Amphiura)  Wrrill MH 

aculeata  lOphioplioIis )  LJnii:i.u> .%iy, .W.) 

affinis  (BotrycMlactyhi)  Ayri's o«J»; 

agBJMizii  (Gorgoiioifphnlus)  StiiniiS4>u Vll 

amerioiniM  ( Astn»jKX*ten >  Verrill '>I7 

Amphipholis iyHA) 

Amphiiim My.  TxX) 

AnapeniA .">«'.7,  fi69 

Antedoii -» 547 

ArtMciH MH.  otii',  n»;i 

arcticum  (Troch<i»itoma )  v.  Mart'nzfllur 570 

arenatH  ( Caiidina )  (iould .'itW 

areiiicola  (Astrrias)  StiinpHon 5l.s,  552 

armata  (^Caudina)  Thci'l 570 

Ajstcracanthion 5:ij.  h.\i,  5>| 

AiiteriaM .V4s.  552-555 

Asteruidea 55l-.'»57 

A»trope<^-ten 517 

Astrophyton ^ 

atlaDtieuM  ( Echinarachiiiiis)  Gray 5*>1 

aiijfU'ra  (AHteria**)  Verrill 5'i5 

ayresii  (Synapta)  Selenka 571 

Ba»ket-(i!i)i 561 

bellis  (Ophiura)  Fleming 559 

berylJnuj*  (Asteraranthion)  A.  A^a^i-iz 552 

boivak*  (Tr«K*ht»4loniu )  Dan.  ami  K .ViO,  57u 

burfalis  (Molfiadia  )  Sars 570 

Botr>-<>daetyla .V.6 

brevl«<pina  ( ophiura)  J^ay 5ix.  5\s 

briareu-s  ( Thyor»f  >  Ll■^^uMlr 5is.  5i9. 5«;7 

Brittle-Mtan» 5^7 

brittle-star.  DaiMV .V)«» 

biyareiLM  ( Aiiaf»enis)  I'ourtalrs 5»i7 

Cake-UH'hirw 5«',2 

Caudiiia rnvj 

Chinxlota :i»W,  570 

chlonx-eiitrotiL"  (.Stnm^yhKeiiirutuM  liniiidt 5«vi 

Cladixlacty  la ;ha\ 

compta  ( Asterias »  Siinip*«m .W| 

Cribella 5.55 

Cribrella 54s, .V55 

Cucuinaria 5IS.  'nKi,  :i67.  htVi 

davihii  (  K<-hiinKMdari>  i  A.  AKH««iz 5<vi 

dentata  (  Autedoii )  Say 517 

dnitwehieiisis  ^SironiryhK-entnnus)  ().  F.  MuIIer 562, 5fy 

EchinaraohiiiiiN 5l«», 562, 5<VI 

EchiiKR'idan.s 5ikJ 

Echiiioidea 5«»2-5»W» 

£c*hiniL«< f»6;j 

elegans  i  Amphinm »  Norman 5**0 

EncojH.'    5iV5 

endeea  (Solaster )  lUtziuM :>4S. 55«; 

Euo'ale 5<;i 

Euo'Cfhiniis 063 

faacieulata  (Ofthiiira )  ForiK*** 55K 


Haccida  1  Asteraeanthioii )  A.  AKa»ciiz nbi 

furl»esi  1  A^lerials )  r>ej»<»r 5-4H, 552 

forbesii  (,  Asterias »  Verrill 552 

frapilis  (SehiziUiler  >  Diih.  and  K 517 

frundiisa  ^Cneumaria)  (iunnenis .^l^.^kiG 

fusifomiLs  (C'lieumaria  i  iK'sur 569 

fnsns  (Thyone )  O.  F.  MuIIer 569 

girardii  (Synapta )  Pourtale.s 571 

( i<>rgonocephalu.s - 561 

Knieilis  (^Synapta)  Si'leuka 571 

gran<lis  (  Botryodactyla)  Ayre^ 566 

KranulariN  (Echinus)  Say bSi 

granulatus  (E<'hina»«)  (JciuKl 563 

Holothuria 56<i,  567, 571 

HolothuriaiLs 565-^71 

Holothurioiilea 565-571 

inhaerens  i  Synapta  (  U.  F.  Mviller 571 

JaiHiniea  ( Cueumaria )  Semper 566 

LeptJU»teriaM 561 

Lepttxsynapta 571 

Linekia 555 

lineata  (Ainphipholiy)  Ljungman 560 

MelliUi 548,662,565 

Molpadia 570 

mulleri  (Asterijix)  .Sarn 555 

negleeta  lOpfiium)  Johnst;in 560 

negleetus  [  Fx-hinus)  Laniarek 563 

oculatn  (A.steriji-x)  IVnnant 555 

olivaeea  i()[>hiura)  Lyman 568 

olivaeeum  (<)phio<lermai  Ayres 568 

oiilitieum  tTnM-hostoma  (  I'ourtalO?* 570 

Ophi<KM>ma 5.'i9,560 

ophiiHliTnia 56H 

l>phi<  »glyi»ha 5IS,  558 

( )ph  i«  »lepi> 55s.  559, 560 

l>phio|»h«»li.s .'>19,559 

Ophiura W8,558 

< >phiuntidea 557-562 

I»allida  (A^te^iaM  Goto 553 

pallidas  ( Asteraeanthion  )  Agassiz ,553 

I»arma  (  F>hinaraehnius  i  I^marek 519, 562, 564 

iMinua  (Seutella)  Laman-k 564,565 

iH'Uueida  ( Synapta »  Ayre> 571 

I'eiitartai 566 

penta<^*te«  ( (Mad(Kla<'tyla )  Gould 566 

IVntamera 667 

I>entaiM>ra  (Mellita)  Gmelin 566 

I>enta|Hira  <  Fjieo|H'  >  AgjLssiz ,i65 

iK'ntjiiM^ruji  (  Kehinus)  (imelin 565 

pertu«a  (  Asterias )  < ).  F.  Mviller 555 

puleherrinia  ( Cueumaria »  Ayn.-« 567 

punetulata  lArlmeia)  Laman-k 562,663 

punctulatu.s  (  Ec-hinus ,  l^imarek 563 

(luiminefom  i  Seutella )  Lamarek 665 

robusta  (Ophioglypha)  Ayre»< 548,558 

575 
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roseola  (Synaptn)  Verrill 571 

nibeiiH  ( AsteriaH)  L  iinneUM •'VVi 

SHnd-cakcM 562 

Band-dollars 'nY2,  rHi4 

Sand-8tars 

aanguinolcnta  (CribrellH)  O.  F.  Miiller 555 

scabra  (Thyone)  Verrill 568 

Schira-ster 547 

Selerodactyla 567 

seolopendrica  (( )phiolei»is)  MiUler  &  Tniwliel 550 

fieutatum  ( Euryale)  Gould r»<»l 

Scutella 5(V4, 565 

Sea-eiieumlKT* 566 

><€!a-nrehin,  common 563 

green *     563 

Rerpens  (Ophiodernia)  Liitken r>58 

Serpent-starH 557 

Bnake-i^tara 557 

Uolatiter MM,  556 

Hplder 561 

spoHKinoa  ( Aaterias)  FabriciuM 555 

Dquamata  ( Amphipholis)  Delle  Chiaje 5<i0 

squamoHa  (Ophlura)  Lfltken  558 

Starfishes 551 ,  557 

Starfish,  common 552 


„  I 


Starfish,  nt>rthcrii 553 

Ktereo<lerma 569 

HtimpM)ni  (AstcriiL«j  Verrill 553 

StrongyhH-entrotiis rj62, 5(a 

Synapta,  common 571 

nwy 571 

teiiem  ( Asterias)  Stimixxon 554 

teneni  (Amphuira)  LUtken 560 

tenorii  (OphioKlyplni)  Ljungninn '. 55s 

teiujis  ( Ophioleitis)  Ayres 5fH) 

tenuis  (Synaplil)  Ayres 571 

testudinariii  (Mellita)  (iray  .  5«V> 

testudinata  (Mellita)  A.  Agassi/. 5lh> 

thomsonii  (Trochost4)nia)  Dan.  and  K 570 

Thyone 518, 519, 567, 568, 5(;9 

Thyone,  common 667 

Toxopneust*^ 563 

triforia  (Scntella)  Say \ 664 

Tnx;ho«toma ,550, 570 

turgidum  (Tro<'h«»Htonia)  Verrill .*. 570 

unisemita  (Thyone)  Stimpstm 569 

Urchin,  keyhole 665 

vlolaceus  ( Asteracanthion)  Stimpson 553 

vulgaris  (Asterias)  Verrill 553 


I   : 


LIST  or  FlSllKS  DRiLlMlKI)  I'.V  TlIK  STKAMKR  ALBATROSS  OIT- 
TIIK  COAST  or  JAPAN  IN  TliK  SLMMLR  0!-  1900.  WITH  DIISCRII'- 
THINS  OF   NLW   SPBTLS  AND  A  RFATLW   OF   TIIF  JAFANFSF 

^L\cRo^Rlu.^:. 


.  l-:i)\VlN  LHAl'IN  HTAKKS. 


Ill  the  ciirly  mhiihikt  .if  1!"mi  tin'  stunner  -l//«///v«-<.  JetfiTwiii  F.  .Mowjr,  I'.  S.  N.. 
vuDiiimndiii^.  n.'tiiriiinjr  fiotii  tht'  South  St'iis.  MiH'tit  a  fvw  wwks  in  drodging  aloii^' 
tht>  (-oast  of  Japan.  Orcd^  hauls  woro  iiiadit  at  mmleratf^  ilt>|ith»  in  Owari  Rav. 
Totomi  Bav  off  Owai  I'oint,  Siiru^i  liav  off  Osc  Point,  Saganii  Bay  off  Sunc  Point, 
Manazuru  Point,  and  Kno-liiina,  in  Matsiishiiiiu  Hay  off  Nagum-  Point  ami  Doiiniiki 
Point,  and  off  thi'  Island  of  Kinkwazan.  In  jreni-ra!  the  iKittom  vras  soft  and  tin;  doptbn 
from  2tt  to  tin  fathoms.  One  hundred  >md  eleven  ,si»ecios  of  lishew  were  sceurwl, 
bImjuI  5H  of  these  l>einjf  new  ti)  seienee  at  the  time  of  diseovery.  In  June  of  the  same 
year  Messrs.  .(ordau  and  Siiyder  visited  Jaixtn.  and  in  various  pa{)ers  in  the  Proceed- 
ings of  the  I'nited  Stateis  National  Mu.seum  the  eoUectioii  made  hy  the  AHfitnu^ 
has  l»een  treated,  in  connection  with  the  very  extensive  eolle<'tions  secured  hy  them 
through  other  method.^.  The  ty|)e  specimens  of  the  different  new  s|>e<-ies  in  the  col- 
lection made  l>v  the  A//i"/ri»"<  are  all  dei)oyited  in  the  V.  S,  National  Museum.  The 
tignres  used  in  the  oritrinal  descriptions  of  the  new  species  from  the  Alfa/t r""--  eoUei-- 
tion  are  reproduced  in  the  pri'scnt  (MiiM-r,  through  the  courtesy  of  the  V .  S,  National 
Museum.  The  new  plates  are  the  work  of  Mr.  William  S.  .Vtkinson  ami  Mr.  Sekko 
Shimada.  The  account  of  the  Miicrouriiliv  wa-*  prepared  l»v  Dr.  David  S.  Jordan 
and  Dr.  Charles  II.  (lilt^ert. 

MVXIMD.t:. 


1.  Kyxiae  ^ormani  .lunlun  a  Siiyili>r. 

.si«ii..ii  :(7.S7,  .iff  Snri"  Vi.int.  .Satmuji  Ifeiy.  :-*i  I..  41  futhoi 
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3.  CBtitroacyllium  ritteri  .Fiinlaii  &  Kowltr. 

(*T,/n»r.rrf/r>r»r(WriJi.r.lHii,V  K..m1h.  IT.«.'.  I. ,-.  Nril.  Miis..  sivi.  l-m:;.  |i.isi.%;  T..l..uii  B«y. 
Station  li'-M,  off  DwHi  I'niiil.  Toloiiii  Itav.  -H  to  :(7  fatlioiiis. 


(t-n(r.iK|rf«UM  rilUri  Junlaii  ^  Fov 

KAjIDJ-:. 
S.  R^Ja  t«upi  JonlHii  &  Fowler. 

Station  3770,  off  NajranB  I'oint,  Matfusliima  Bay,  4'.;  to  4ri  fHthiai 


1TEKIITHKISSII).+:. 
4.  Pterothrisaus  ^isau  Itil^'url'irf. 

SIntioii  rt7tK>,  SiinijAi  ]Uiy,  171!  to  IIH)  (utln'iiis;  xlHlioii  :t71'i,  Siirupi  Itiiy,  'it  (o  IV)  fHtlioinx;  KUtlion 
:;7-Ji,  Snru^d  Itay.  2tlT  to  1>:>6  [iitlionis;  xUiIJim  :i7Tl),  >[ntMi^lii[tin  Ibiy,  42  t<>  4.'>  fjitlimn^;  xliilion  3772, 
MHtfllshima  Ituy.  7!)  fiitlioiiiH;  station  :17::1,  Miltslixliiniu  Ilily,  7X  f»l) i*. 

Th('  yoiiiiu  iin-  viTv  silvrry,  with  tin-  nilvcry  inui^iiiH  |iHrtitii>i)H  in  llic  ruvcniiHiH  HiilMirbilal  ivf^on 
vtry  clixtinfl. 
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ALEPOCEPHALID^. 

5.  XenodermichthyB  nodulosus  iTunther. 

One  fine  spwimen  21.5  cm.  long,  from  station  :i(>97,  Salami  Bay.  It  a^rreee  well  with  (Tiinther*8 
decK'ription  an<l  excellent  figure. 

Head  6  in  length;  depth  7;  I).  '<,V2;  A.  M.  Color  entirely  black.  Lateral  line  well  ileveloped, 
with  f*cale-like  structuree;  the  re4?t  of  the  \HH\y  naked,  covered  with  fine  longitudinal  wrinkles; 
luminous  noilule^  all  black. 

ALLOFID.*. 

6.  Aulopus  japonicus  Schlegel. 

Specimens  from  stati<.ns  3708,  85  to  125  fathoms:  3713  in  5(K)  to  tjOO  fathoms;  3714  in  48  t4»  «^ 
fathoms,  and  3720,  t>:^  fathoms,  all  in  Suniga  EUiy,  and  from  station  37:^),  Totomi  Bay,  37  fathoms. 

7.  Chlorophthalmus  albatrossU  Jordan  <&  Starks,  new  spet^'ies.     (PI.  1,  fig.  1.) 

Type,  No.  51446,  U.  S.  Nat.  Mus.,  from  station  :^>98,  Sagami  Bay,  in  153  ^thorns.  Cotypes,  No. 
8394,  Stanford  Universitv'. 

Head  3  to  2:^;  depth  5  to  12;  D.  i,  10;  A.  8;  scales  5;i-ltt;  eye  2.5  in  hea<l;  snout  3.75;  maxillar}*  2.5; 
interorbital  space  4.3  in  eye. 

B<Kly  cylindrical,  depressetl  anteriorly;  eyes  ver>'  lai^,  close  together  above,  with  the  range 
largely  vertical;  mouth  terminal,  very  oblique,  maxillary  reaching  to  opposite  front  of  pupil;  lower 
jaw  projecting;  teeth  small,  in  narrow  liands  on  jaws,  in  ver>'  narrow  straight  bands  on  palatines,  and 
in  two  small,  widely  sejmrate<l  jMitches  on  vomer:  l^xly  covered  with  firm  scales,  those  on  breast 
much  smaller;  cheeks  and  oj^rcles  sc-aly:  no  lateral  line;  dorsal  fin  iuserte*!  well  in  ad\*ance  of  ven- 
trals,  the  ventral  base  nearly  under  middle  of  dorsal;  don«l  fin  rather  short  and  high;  anal  fin  small; 
ventrals  lai^,  inst*rte«l  well  forward;  j>e<-toral  long,  1.1  in  head;  adipose  fin  well  develope<l;  caudal 
widely  forkwl.  Color  olivat^eous,  with  numerous  irregular  dark  cross-sha<ies  on  back,  these  extending 
upwanl  and  bac^kwanl;  scales  of  anterior  parts  l>elow  silvery,  with  nmnerous  hlswk  dots;  axil  black; 
inner  rays  of  ventrals  jet  black:  some  black  shading  at  l»asc*  of  laudal,  fins  otherwise  plain. 

One  s|)ecimen  17  cm.  long,  and  two  smaller  ones,  from  station  3698,  Sagami  Bay,  153  fathoms; 
six  still  smaller  spei'imens  from  station  3717,  Suruga  Bay,  65  to  125  fathoms. 

CHAILIODOXTII).^. 

8.  Chauliodus  emmelas  Jordan  cV  Starks,  new  si)ei'ies.     (PI.  1,  fig.  2.) 

One  spe<'imen  20.8  cm.  long,  from  station  .'^97,  in  Sagami  Bay,  120  to  265  fathoms;  tyjie  No. 
51464,  r.  S.  Nat.  Mus. 

Close  to  Chauiuulu:*  M^mniy  the  lxj<ly  more  slender  and  the  n»lor  entirely  jet  black. 

Head  7.5  in  length:  <leptli  8;  1).  6;  A.  10;  scales  alntut  60;  eye  5  in  head;  snout  4;  h^ngest  fong  2; 
ventral  fins  unusually  long.  5.5  in  Ixxly;  dorsal  filament  2.6;  {KH'toral  1.4  in  head;  liarM  at  chin  ]>ale. 

(leneral  apiH*araiKV  of  ('hautuHhts  shpani.  Luminous  spots  similar,  19  in  a  series  from  isthmus  to 
ventrals:  distamt*  fn>m  i>ei*toral  to  ventral,  4.2  in  l>ody:  lateral  fangs  of  lower  jaw  lai^r  than  th«se  of 
up|»er.  Color  entirely  jet-black,  the  fins  a  little  jialer.  In  the  accompanying  plate  the  artist  has 
restore<l  the  si^uamation,  lost  in  the  sjiecimen,  fnmi  (jrarman's  ])lates. 

GOXOSTOMII).*. 

9.  Keostoma  gracile  ((riinther). 

titpwttiinHn  imwUr  liOnther.  .Ann.  ^  Mhk.  N»t.  Hist.  1K7h.  1h7.    liunther,  I>efi»  .Sea  Fu>hes.  ChallenKiT  p.  174,  |»I.  xlv. 
fijf.  r.  isST;  south  of  Japan. 

One  sjitvimen,  2.5  inches  long,  from  station  3712,  Suruga  liay  (surfaced  ab*<»  two  others,  very 
small  and  in  poor  condition. 

Hea<l  5.5  in  length:  depth  9.5;  1).  alxmt  10:  A.  26;  eye  6  in  hea<l;  maxillary  1.1.  Ikxiy  very 
elongate,  considerably  more  slender  than  in  <)^toth4nie  mirrodon;  tet»th  stn^nger,  numerous,  slender, 
curve*!;  short  canines  in  each  jaw:  lower  jaw  much  jirojei'ting;  Inxly  apparently  scalele*«;  anal  fin 
lieginning  near  middle  of  iKnly.  two-fifths  of  a  head's  length  in  a^ivance  of  <lorRaI,  the  fin  3  times  as 
longasdon»l  fin;  first  ray  of  dorsal  over  eighth  of  anal;  ventrals  short,  1.6  in  head,  not  quite  reaching 
anal;  pectoral  long  and  narrow,  1.5  in  head;  no  adipose  fin. 
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Color  black;  lower  nido  of  head  and  fiiiH  abruptly  jmle;  a  row  of  ]>hr)tophoreH  from  iHthtiiUfl  to  Iwim* 
of  jjectoral;  a  double  row  from  l»etween  lower  jMM-tond  niys  ahni^  ea<*h  side  of  IhhIv  junt  alH>ve  f^ase  of 
anal  and  along  lower  Hide  of  caudal  peduncle  to  l>as4'  of  caudal  lin;  a  row  from  l)«'hind  f)C(*toral  liase  to 
ventral;  two  on  side  al)<>ve  vnd  ijf  ventral;  two  al»ove  anal;  two  Miind  shoulder  >rirdleal)Ove  ])ectoraJ; 
one  l)elow  eve. 

This  i?j)ecie?»  ha«  the  anal  Iin  iin»re  a<lvance«l  than  any  other  referretl  to  (imumtoma  or  to  Cyclothou»\ 
This  trait  may  Ix^  repanlwl  as  of  )reneric  value.  .\s  it  api>ears  also,  although  to  a  less  dejfn*e,  in 
CifcU^houe  hithyphUa,  the  tyjx'  of  the  nominal  ^enus  yoMtinmi  of  Vaillant,  w«?  may  pnivisionally  ad(»pt 
the  genui4  Neostoina  for  tlu*s<'  two  sj»ecies,  which  have  the  anal  ins<"rted  well  in  front  of  the  dorsal. 

MYCTOPHII).*:. 

10.  NeoscopeluB  alcocki  .Ionian  «&  Starks,  new  s}HH'ies.     (IM.  2,  tigs.  1  and  2.) 

One  specimen,  19  cm.  long,  from  station  :{7tK»,  in  Suruga  liay,  in  \7'4  to  2t)0  fathoms;  tyi>e,  No. 
51477,  r.  S.  Nat.  Mus. 

Head  .*$  in  length;  de[>th  4;  I>.  l.'»;  A.  12;  si-all's 4-O.S-4;  eye  ">  in  head;  snout  .'i.'>;  maxillary  2. 

liody  rather  n>bust,  subfusiform,  head  rather  [M)int4Ml  in  pn)tile,  broad  and  somewhat  depne^^ed 
alNive;  mouth  large,  oblitpie,  maxillary  extending  to  U^low  |M)sterit>r  margin  of  orbit,  not  dilat«<l 
iHihind,  posterior  lM)rder  trunttate;  ttH'th  small,  in  villiform  bands;  eye  nKnierate,  chtH»k  broad,  not 
oblique  in  ]K>sition;  scales  large,  entire,  tirm,  roughened  on  the  surfaif,  nearly  all  fallen  in  sfXHanien 
examined;  lateral  line  well  develoin^l;  luminous  s{M)ts,  large,  in  alnnit  6  n)ws  on  Im^ist,  alK)ut  14  in  a 
length w im' stTii's  fn>m  isthmus  to  vcntnils,  then  a  me<lian  and  tw«»  lateral  rows,  to  ()p|)o«iite  front  of 
anal,  10  si»ots  in  tmter  n)w,  the  iH)sterior  one  smaller;  an  (►blong  circle  of  10  small  photophores  al»out 
the  vent;  a  row  of  15  small  photophonn?,  continuous  with  inniT  lateral  row  U'fon'  vent,  fn>m  oppoHit<^ 
vent  to  bas(;  of  caudal,  most  of  tlu^  me<1ian  memlNTs  of  this  series  double:  there  is  also  an  inner  ^erietf 
of  minute  white  dots  along  base  of  anal  rays;  a  median  row  (»t  small  photophon's  )>ehind  anal  )»elow 
caudal  jK?<iuncle.  Dorsal  rather  large,  inserted  before  ventral,  its  longest  niys  alMMit  half  head;  longest 
anal  ray  2.4  in  head;  caudal  well  forked;  jKH'tonil  long,  1.1  in  hea«l:  ventral  long,  1.75;  gillrakere  lonjf 
and  slender,  .'{  r  12  in  numlM.*r. 

Color  pale  or  bn)wnish  alcove,  U'lly  black;  a  dusky  sliade  at  ba^*  of  rauilal  and  i>tH.*toral;  inside  of 
mouth  black;  luminous  siM)ts  i^ale,  with  a  dark  ring. 

This  Hi»tH*i«v  is  very  close  to  NomrnjnlnH  niarroifpidotnH  of  the  Atlantic.  Th«'  sole  im{>ortant  difft»r- 
ence  apparently  is  in  the  arrangement  <>f  the  photoph«>res  (in  the  |M)^terior  part  of  the  Innly.  In  tlu» 
figures  (Nos.  108  an<l  lOt))  given  by  (ioo«le  *?fe  Ilean,  the  arnuiirement  is  quite  unlike  that  seen  in  the 
Ja])anese  tish.  In  the  plate,  the  two  lat«»ral  rows  of  spots  found  on  th«'  alxlomen  are  repn»si»nted  a^ 
continuous  to  the  Imse  of  caudal.  In  the  .lapant.'sc  fish  the  outer  row  is  not  c(»ntinu(Ml  In^hind  the 
fn)nt  of  anal.  The  inner  latenil  wries  is  continued,  the  sp(»ts  iHM'oming  smaller.  There  is  a  ring  of 
little  spots  al>out  thi»  vent,  and  a  serit^s  of  little  dots  along  base  of  anal. 

The  species  abuiKJant  alx.nit  Hawaii,  called  Xntymprlnn  in'irr(tirpl(lntu:<  l>y  (iilbert  i^  Cramer,  seems 
to  l)e  the  same  as  the  .Iapanes<*  fish. 

11.  DiaphuB  watasei  Jordan  i^  Starks,  new  s|K'cies. 

Head  .S.8  in  length;  depth  5.2;  eye  4  in  li^'ad;  snout  5.5;  maxillary  1.4;  I),  ii,  IIJ;  A.  ii,  13;  si-alesSH. 

liody  mo<lerately  elongjite  anil  conijiressiMl,  more  slender  than  in  l>ltt/t/iKfi  {.I-Jthn/imrfi)  I'Jf'ulfft^ux, 
the  n(»arest  n'late<l  species,  lu'ad  more  pointed;  eye  small;  snout  very  short,  truncate  at  tip;  cheekn 
very  obli<(Ue;  scales  «*aducons,  all  fallen  in  type;  timse  along  latenil  line  preserve<l  in  one;  sjKH'iinen, 
and  considerably  enlarge* I;  a  lunate  luminous  ^land  in  front  of  eye,  I'xtending  backwanl  to  a  ])oint 
a  little  iH'hind  front  of  pupil;  a  short  luminous  tni<t  abovi*  this:  all  thes«' coalescentover  snout  in  a 
large  pale  area  like  the  Iieadliizlit  of  an  enirine,  the  front  part  distinctly  paler  than  that  iK'fore  the  eye; 
luminous  s|M)ts  distintt,  4.4  I  •  4  4  •  <»  154:  the  last  4  in  a  curve<l  row  at  Inise  i»f  caudal, 
5  before  this,  then  I  posterolateral  spot  befon*  which  are  U  in  a  curved  n»w  continuous  with  it;  then 
4  mediolati'ral  spots  in  a  V-shaped  s«*ries.  4  mon*,  1  of  them  (»ut  (►f  line,  then  a  single  S|M)t  alK>ve  l^ase 
of  vi'utral;  4  siM»ts  In'fore  ventral  and  4  before  iH*ct<iral.  One  single  spot  shows  the  characteristic 
division,  or  theta-form  tO).  whieh  suggested  tin*  name  JHnjthns.  It  is  proluible  that  in  life  more  spot* 
had  this  form,  and  that  there  is  no  real  differen<-i'  betwtrn  .Hthoftnu'd  an<l  I>l(iphn.t,  Dorsal  tin  high, 
its  ht'^t  ray  alwiiit  over  fir>t  «>f  anal,  its  loiigt»st  ray  1.2  in  head;  anal  tin  miwlenite;  jH'ctond  sh«>rt  and 
bn)ken,  alxjut  '.\  in  head:  ventnils  \M  in  head;  cautlal  bn)ken. 
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Color  dmiky,  willi  hiiiiinoiis  t^jHitf,  ti 

Of  this  iTiecitw  we  h»Vf  mie  siici-iiin 
ilreOgcJ  liy  the  Atbatrvt*,  ul  slatioii  3fi91 
eiampltf-,  Xo.  S-'m,  Stanfonl  I'liiv.Tsity. 
i)[  the  Imperial  T'nivcrsity. 

In  M'&ltf,   IlIlF,   RDll     luillillltUS    S'lOti'    t 

the  Intter  ppvfitv  lia?  the  head  iiciMhly 
Dinpliim  fuijraulif,  from  which  it  u|>|iun'n 
aiKliNvtemlateral  phot.  i|,h<  ires.  Tht-  fur 
eoiitilliloiU' n-riiv  nilh  the  latter.     Tli.v  : 


1,  the  type,  \.i.  31443,  V.  S,  Nat.  Mu».,  iti  goo.!  ivindilion, 
off  Atami,  in  t^^aiiii  Bay,  in  15:1  fathuui!",  ami  4  piiiuller 
iillorte<l  ijff  Minaki,  and  jirewnleil  by  Pmfwwr  Sho  Wataw, 

is  I'pei.'irt'  agrveK  with  Di'ii>hii*  effitUjriit  «i  the  Atlantic,  but 
i.iH.-r,  deerxT,  and  nuirf  hlimt.  Tlie  si«rLi-t>  i^  still  nearer 
y  differs  in  the  mnnl»'rand  arraii^-tiieiil  of  the  ]»wliTiMinHl 
ipr  diverKP  Iwi'kHiirii  fmni  the  liiid-ventnil  line.  f'iniiin>.'  ;i 


1  imbinri  Junlnn  &  ^Urh«.  npiv  ipeoiw. 

STEKXOPnCHII)-+;. 


depth  I 


I.  ■•,  fin. :!. ) 


13.  PolyipauA  stereope  Jr>r<Ian  A  St^rk*. 

Head  with  projectintt  lower  jaw;!  in  leiijttli; 
maxillary-  l.:t3;  [^ftoml  l.l';  ventral  :i. 

This  gjiecies  differs  fn>ni /'.  »/"iriui"ji  tiuiitlier  (itw  ii 
proce**.  The  tipper  of  the :)  Piiiiuii  iiitn  whii-h  the  proi-es.-i  i.j  divi 
extend)!  at  an  olilique  aitjile  npwartl  ami  liackwant:  the  dislaiK'e 
otitline  of  the  liatk  equals  I lalf  diameter  i>f  pupil.  Thi^'  Kpine  in  /',  i 
plate,  pxtendis  tmt  little  alMVe  thi!'  'iiilline:  pecond  spine  Khorler, 
In  the  ty)ie  it  '\»  at  leai^t  three-fimrth:<  as  lung  ari  the  iippiT  spine: 
Tery  Hinall  iiicnnsiiicnutis  ppiniile.  I.otter  iipiiiy  il-  lone  as,  or  not  n< 
curved  downwani  and  only  shifhtly  liaekwiinl. 

Mr.  ('.  Tate  Ite^n  ha"  kindly  e.iaminetl  the  tyjieuf  y. /'/••(I'uim: 
follows:  "The  suprae^'apnlar  lupine  liaH  a  few  deiiti<'iilaIion!i  aUive 
base,  are  pomewhat  enlai^eil,  and  miuht  l>e  rulleil  acefvwiry  fpin 
approach  in  length  the  main  Bpiiie.'' 

A  drawing  accomiMnying  Mr.  liegan'H  lelli-r  shows  the  lower  spine  ctraight,  sliort,  and  ix>>ntiiig 
nearly  directly  backwanl.  Ai"  com  party)  with  (iunther'ri  plate,  theejiiru-  on  pre<i|)erciiUr  angle,  and 
the  dark  imseliar  which  eitetids  downwaf  I  from  just  in  front  of  dorsal,  are  Innger  in  this  Bpocies. 

The  s|iei'iei^  differs  fmni  ]'.  iiHlllinji  liillien,  MS.,  from  Hawaii,  in  the  character  <if  the  nnehal 
[irocefS,  in  beiuj;  brighter  silvery  withmit  dark  siiecki"  si-attenil  over  the  silver  (rmiiml,  in  liaving  the 
crossbar  iimch  smaller,  ami  in  bavinjc  the  «Ties  ••(  pin itoph ores  on  lower  Hide  of  iiiiidal  [icIunHe 
continuous  wilh  the  siipraamil  serie^i. 

Three  H[*-ei]iiens  taken  in  Salami  Itay,  at  station  ;Ki9S.     The  ty|>e  Is  the  laivest,  '15 in  lenglli. 

No.  .51451,  V.  K.  Nat.  Mns.     A  cotvi^-  is  No.  K>»2,  Stanfonl  ruive'rsity. 


II  the  cliarai'ler  uf  the  michal 
deil  is  lony,  sliarji,  and  straight;  it 
fniiii  its  tip  verjieally  down  to  the 
i//oii«iii«,  according  tt)  Dr.  f ifinther's 
,  and  evidently  variable  in  length. 
in  the  2  cotypeii  it  Ih  reduceii  to  a 
'>tii-e:dily  shrirter  than  iipjier  spine, 

mill  descrilies  the  nuchal  |irrioess  as 
and  below.  The  2  )>elow,  near  it^ 
es,  but  the  lower  doea  not  nearly 


5S2  BULLi-rriN  oy  tiik  imn-KD  htateh  kish  ikimmission. 

SVXAPHOBRAKCHID/E. 
IS.  Bynapliobrancliua  jenkinai  .InnUn  A  Stiyilir. 

.->i.'i/i*u(.r-.m.A".>..li..i'.  J..I-1N1I  A  SiiyiliT,  IT.K-.  V.  S.  \al.  Mim.  mil,  luill.  hf.;  ShkiuiI  Hay. 
Olio  BiKi-ldii'ii.  Xi..  J!*727.  r.  S.  N'at.  Mill"..  fr..m  clHtimi  :«B1(1,  ..ft  Kii'Mliiniu.  Samiiii  ilav,  iti  III 
1".  fatl...tiiK 


14.  Synaphobranclius  nfflnia  (ifiiitliiT. 

,•.V*l,^-Ar.l«/■^n..,J(l«|■..  J^nlnii  A  SnjiliT,  I'n--.  I",  s.  Sm.  Mil-,  xj 
S|H><'iii«-]iH  from  xliitii>ii  :{7NII,  Totniiii  liny,  off  Dwai  i'oii 
Siiiniiiii  Itay,  utt  Manaxuni  I'uiiit,  in  l:^)  l<>  L1i.'>  tiitliiiiiii'. 


'  fiitlioiiii',  mill  fnnu  Platin 


LfiPTIn:Et*HAMri.4-. 


16.  Con^alluB  tD«g(tatomus  (iiiiiiilit>rl. 

-  ,m  ir.llH.  -.../.W.,™"..  J-nlili  *.  si,y.l.-r.  IT...,  l".  .-.  Ni. 
Kniiii  xtiithm  :iT:ti)  in  T.>t.>]iii  liny.  ■>»  0»i<i  l><. 


(IPHICHTHVIII.Ii. 


^iL— i;^^^ 


■^J^ 


16.  BphagebranchuB  moaeri  .Till 


.  NiiL  Mii^.  fn>iii  Hlatioii  ;I7INI,  .-^iiniK:!  Ibiy.  '"  '*"*  Fi<tlii<iii». 


.lAPAXKSK    KISHKS. 
MACKIlKHAMPH*)Sin.€. 
]7>  Kacrorluunphomua  sagifue  Jrinlun  A:  Siurk^. 


Many  ■i|>ii-iriifiir<,  fniTii  i^atioii  :t70T.  nff  Cho-  Point,  Snnitnt  Ituy,  in  tW  t'l  70  fHthintis:  slaiimi  :t7.V>. 

oft  (>«ai  P..inl,   Tot.uiii   Bay.  in  M  fiitl ^;  i-tiilioii  ;!7ir..  .,H  <»«■  I'c.inI,  Snniira  ISay.  i"  W  •"  *"' 

f8tli..i.ii;;  stali<.ii  :!71ii.  i.«  Ik^  I'l.itit.  SLini.^-a  lUy.  in  ir.  i„  ur,  fatli >;  Maiii.ii  :l717.'i.ff  U.-i-  P,.ii.i. 

Sunipi  Bay.  in  ii.->  lo  lii  fiith..nis:  stMlimi  :i74l.  Siirii;.'ii  lUy.  in  71  fiilli..mH.  ami  ^t.-itJcm  Wfl.  ..ff.-Jiirn' 
Point,  Sa)cuiiii  Hay,  in  4t>  fatliLnii.". 


Hll*PI)C.\MI*lll.+:. 
18.  Hippocampus  sindoniB  .Ionian  A  SuviKt. 


iril'-  N".  47m:!0,  I',  s.  Xiii.  Mm.-. 


Mll\l)CENTKIl).4-. 


19.  Honocentris  Jftponicus  ( 1  Innltiiyii  ]. 


K^anlI•l•■^'  from  ylatiuit  :; 


LTJ  Kty.  1MI.1  Klatioti  ;!7tl- 
TK.ACH1CHTHYI[).+:. 


■-"«.  ]..  U-:  .-iinlKB  Itay,  i.w.ri 
Owari  Ituv,  in  42  [atlinii 


).  Hoploatethua  mediterraiieuB  I'tivitT  .^  Vuli'iii'i< 
J/'lViMbrAi.'  m.-lil.rv.uiff'.  .I..nbin  .1  KuwI-t.  I'ri.'.  I'.  S.  Nn 

From  ■tatiiini'  :(it»r>  :i».l  :utH7.  Saimtni  Kav.  in  1l>i)  ti 
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31.  Ctophyroberyx  japonicua  (IVKlerl(-in). 

il,phyfil<rr!ifj>,i^mirHt.  .I..r.l.n  A-  F.™l.-r.  I-Mcv  r.  M.  NhI.  IIiik.,  h 
Statiim  arift,  (iK  ()w  I'oint,  Suni)!ii  Bhv,  iir>  t<.  li'i  futlKH 
23.  ParatrftcMchthys  prosthemiuB  Jonluti  Si,  Fowler. 


l-arul 


iiiA  ^^.^ 


station  :r;Sil,  Ou'tii  I'liiiil,  Tniiniii  I'liy.  in  "A  fHlhoi 


»:  TnHimi  Buy. 


23.  ZeniteaUnnlim  .v  K< 


'.  siiiiipi  liny,  ill  iii7  fiUliDiiir.;  Xn.  :ii»,-iti:;,  r.  s.  xm.  Mi 


JAPANESK    nSHES. 


34.  Z«aaJApoiiicuaSchlet!et. 

ritatJon  3713,  ..H  Oj*  Piiiiil,  Siimi»  Bay,  in  SO  t.)  m  fathon 


3S.  Car&nfuB  equula  iSt-lilegcl  j. 

One  specimen,  from  station  37:{M,  S 
26.  Seriola  p-urpuraccens  S'hle;:^!. 

Many  voiinj;  laki-n  at  ilie  s^urfuii.'  ii 


CAKANOID.t 
ipi  llay,  li>7  fnllioii 


37.  Apo^n  lineattis  Si>hl«f(el. 
Station  3722,  (Iwari  Bay.  in 


28.  BynagTopB  japonica  r. 


29-  Labracopsia  japonica  (.Sidinlai-liner  .^  Iti'alfrlt'in;. 

Station  371:;,  ..ff  ( K-  I'oinI,  Supii|ia  Bay,  in  .VW  I..  K««  fatli 

30.  CbelidopercB  hirundinacea  I  Si-hJ<^'l  ^  iitic  yjxi'iinei 
SOi'ij.  Epinepbetus,  ii|>. 

A  very  ^inaM  <-xain)>]e.  1>iai'ki:.ii.  Ilii^  .-an.lat  white,  fnmi  I'l 
■bi  fathouiri. 

31.  Paeudanthias  japonicus  i  Sw inilai'hiii'r  i<i  rKVlerleinl. 
Stalion  :i7ti7,  .iff  (>«■  Pninl,  Sunijja  Bay,  in  (18  t"  70  (ath. 

Bay,  in  (>>  In  12'>  falh<.iti)<:  xtatiim  371li,  nff  (hM-  Point,  Siimva 
Siinijra  Bay,  in  71  Eathimi-;  Matiun  37.t.'>,  "ff  Snne  Point,  Sam 
Point.  Sapanii  Bay. 

In  iifeoranitf  ydlow  with  Imnnl  it"8s  fhaiUi"  uf  ■.ranp'  rwi,  nne  of  thtwe  very  liriglit  pcarlet  tn>ni 
spinous  ilonqil  to  vent,  half  Hi<kr  than  eye,  not  e\ten<)int{  "ii  tinp;  tlie  other  at  liaiwod-audal;  traivs 
of  both  of  them-  shouing  in  ^piritf  bi  ilarbcr  ^liiuliiig  after  llie  i-i.iloiv  liavf  ladeil;  slioulclers  with  ilivp 
iHArlet  sliailinjf ;  !'[iace  between  I)anil9  det-p  orange  yt'llow;  cheek  orange  uitli  i-rimson  wa>ih  alHive; 
belly  ani)  fin^i  pate;  lir>t  ilotval  and  cauilal  pliiuleil  with  pinic,  ventral^'  with  ye1lowi)i|i:  nose  oran^: 
top  of  hi-ad  itnll  orimwm.  Iieiiimiii);  n-*!  at  nape. 


-oiinn  cpei-imen. 
71-"i.  SnniKa  Bay. 


i;  sitalion  370K,  off  (>«■  I'oint.  .'^nniini 
lv,  in  t>.>  til  125  fathonii'^  station  3741. 
Bay;  iitationH  37ir4  ami  '.i'na,  off  Stnn' 


os<> 
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ANrii:(>\in.4-:. 

33.  Anti^nia  rubescena  ((irmllii-r). 

A«li,l-mi(i  ri^-wyj,..  .I.inliiii  A  K..W1.T.  l•^..■.  V.  S,  NjiL.  Mils.,  nv.  I!«l.  |p.  .WJ:  .•iiinii.-ii  Ibiy.  T.pl.mii  B«j-. 
Stathm  :i707,  nFF  (>»■  j'oinl,  Sunitni  Itay,  in  ii:l  1<>  7r>  fnlhoinx;  flMKni   :!7l:i,  off  IIm-  INiiiit,  HuruK* 

Itey,  5(10  to  BIM)  futlioni^;  nlatioii  :{71-~>,  nff  itn-  IViiiit,  Suniicn  Itay,  tM  t<i  •<■">  fiitl >•;  Mali.ni  TITIT,  ofC 

One  IViiiit,  Siinitcii  Itiiv,  H'l  1..  125  fiillKiiiis;  Kt:ilii>ii  :i?Jli.  off  Owiif  IViiiit.  Tulomi  lliiy.  :17  fHtlimiiM,  aiitl 
Htnli'in  ;t7:M,  off  Owui  l^.iIl1,  T«t»iJi[  Way,  4S  lo  :itl  fu1ll..«l^. 


LAltKIDK. 
33.  Pseudolabrua  japonicua  (  Moiiliiiyiii . 

Sljiti.>ri:!7L'!).  off  OttiiL  l'oii.1,  T..lo,i,i  l'«,v.  i]j:iTf:itli<iiii^;--1iHi..ii:i7:al,off  li«ai  I'oinI,  Tuluiiii  Itav, 
111  fiilli..t„-;Mali,,ii:!7:H,  u[[0«:.i  I'nitil.  T,,l„iiii  [i:iy;filn1i..n  :!7'!1,  SiiLMiiir  lliiy,   II  full ^. 


JAPANKSE    nSHES, 

CH.fiTODONTlD-I-. 
34.  ChtDtodon  Tiippcm  StMndachiier  A  IVHlfrlrin. 

•  Talo^'m  »i,,^..p..  Jimloii  *  Knul.r.  J-nw,  r,  s,  Sal.  Miis..  xiv.  Iwi.  |..  MT:  T..i.niii  Itav. 
Slatioii  :i7:i<l.  ..ff  I  iwai  IV.iJit.  T..t..iiii  l^av.  in  :17  talli..iiis. 
TKOPlDICHTHYin.+:. 
30.  TropidichthyB  rivulatus  i  .'N'hlivi-I  . 

EBm.V.*T,VuT,V«;.tf«.  .lunb.ii  AM1..L.T.  I'r..-.  V.  :  \»1,  Miliv.  I  tiv.  IMr.:.  |^  i-V,.  Tiil.miiBnv 

Slaliiiii  -.il-Jfi.  ..ft  (»wai  I'uiiit.  T.iti.iiii  liay,  in  H7  tall >^. 

MIINACANTHIU.*. 
36.  Stephanolepia  ciirhifer  iS')il«]^1>. 

:^.plMmJfiiitrirtkilrT,  JonlHii  ii.  Kimlir.  I'pn-.  1.  S.  Nal.  Mii>..  iiv.  Ivr.',  j..  VA. 
Stalinii  :t7nil.  off  <•««!  ■'••int.  T-Uimi  Itay,  in  :{4  tm lion.f. 

(ISTRACllll.-t. 
87.  Aracana  aculeate  I  Eliiuitiiyii  I. 

Ami,.,  .^•d,.Wi.  ,T..r.laii  A  Ki.hI.t.  IT..-,  r. ,-.  \ni.  Mil...  siv.  I'trj,  *i.  :^nmi  ILiy.  Siiniim  B..J-, 
Statiijii  3707,  off  One  F<.iiit.  Suruini  Itay.  (W  t.i  70  fsth.nti-.:  Htatimi  MM,  .iff  Siine  Viy 
60  [biIioiiih:  station  :I7I1-J,  Owari  Bay,  in  42  falh-mir'. 


SCUKP.tXllKt 


38.  Sebsstolobus  macrocliir 

Station  IMl'iT.  ..ff  M. 


39.  TtayaanichthyB  cro»*otu*  J<.r<kii  A  Stark;'. 
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40.  8«tarcli«B  aJbOBceiu  (Steindai-hner  &  JViderlein). 


i  Itay,  in  37  fathoiiis. 
41.  HelicoleDUfl  dactylopt«rus  <Dt'  la  Koclic). 

llelicnlrniu  ilaetiiloplrmi,  Ji>r<laii  ASt«rl[n.  Iiiw.  I".  S.  NhI.  Miu".,  Iivii,  1 

Statiun  Stism,  off  Muiiazuni  I'oint,  SaKumi  Bay,  in  l.'hS  fattiDiii 

Ray,  (19  to  12.^  fathiitiixi  Htation  ^TIH,  off  ()i«  Point,  Hnnifn  Bay, 

43.  LythirictiUiyi  «ulKbes  Jimlun  i,^  SuirkH. 

LylUrlrhlhat  rulabn  JuflHIi  .1;  Stutkii.  I'mc.  TV  H.  N«L  Miu-.',  XXVU.  IVUt,  | 
Station  37lM,  oR  Ohi-  I'oint,  SnniKa  Ituy,  tfH  to  125  fathoinfi. 


M,  |>.  Vif:  aagaiol  Buy,  guruga  B«y. 

;  station  3717,  off  Oi^  Point,  Surii|{B 


43.  Sebaatiacua  mannoratua  ((.uvier  &  Vali-nr'uiiimt 

Nl-WiJ-riww.iniiiir'idi',  Jonl.iTi  A  ftarkM,  l-n*.  V.  S.  Nm(.  Mil- 

Staiicm  :t71H,  ..ft  IW  Point,  ^urujiH  Biiy,  in  a'>  fatlio 

44.  Sebaatiacua  albofaaciatua  ( Ijict'iiede). 


>,  J(ir<luii 


B.  ITw.  I 


in.)-.  1 


il  Bay. 


Station  :t707,  off  ()«.■  I'oint,  Snrupi  Bay,  tiS  to  71) fatliomf;  wtation  aiOH,  iiff  Ow  Point,  Sunijca  Bay, 
iir>  to  1L>r>  fathoniH;  slation  3714,  off  (lit-  Pnint,  SnniKa  Bay,  48  to  60  fathonix:  t^lation  3715,  off  <W 
Point,  Snni^it  Bay,  (U  to  (H  fatlioins:  ntation  :f7L1l,  off  (!«;  Point,  .''iimjra  Bay,  in  («  fatlioins;  station 
:!7:f0,  oft  Owrti  Point,  T'.tonii  Bay.  i"  ^  fnlliini-i;  Htati.m  :t7:t4,  ..ff  Clwai  Point,  Totomi  Bay.  in  ST 
flltlinmi'. 
46.  Eriaphex potti  (Sii<ini[ai'lLiii'r]. 

Kritphrx ,,.,111.  .liinlBii  A  suirk-i,  I'n.'.  V.  s.  S«t.  Miiv.  iivii.  iwn.  ]..  JTii;  MniHWhimii  lt.ij. 

Station  :[771.  ^lutMixhinia  lluy,  in  :<1  lalhoins. 


JAPANESi:    FISHKS. 

46.  Scorptens  izensia  Jorlan  it  SUtrk?. 

.v.iri.rn'1  iVTfi'Ji-rdiii  A  ftlHrk'.  I'ltfr.  T.  s.  Na[.  Mi».,  xivit.  IWI.  i>.  I.K 

Siatiuii  37(«,  i)H  (^b*  Point,  Su^u^!a  Bay,  e5  to  li)  fiithoiii^: 
Bay.  500  t<>  600  fHthoiiii':  station  3715,  cS  <*te  Point,  SiiniK*  Bay,  &i  to  <>5  fathouu':  rtati 
C»!*  Pi'int,  Surupi  Bay,  fi5  to  lii  fwhrmie:  Mation  :i72i\  vB  CMe  I'oiiit,  rfnniga  Bay,  in  63  fathom 
slati'in  :i72n,  i.tf  f)wai  I'..int,  Totouii  Bav.  in  37  falhnins. 


<«■  Bar.  Ti-lomi  Bay. 

■1.1,  off  r»se  p..ini,  SuruKa 


47.   Ocooiavespa  J>>rilan  A  .'^larks. 

'■rtNo'd  nrj>iJ<>nUu<jL:'urk-,  [■ji'.  V.g.  }:*t.  iia.:.  xxvii.  19M,  |..  I<U;  Sn^inl  K 
Station  3757,  off  Snne  Point,  >^atnnii  Bay.  in  -Vl  tathoini':  j-tation  .17H 
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COTTID/E. 


48.   Btlengia  osansis  Jonlaii  &  Starkx. 

.S(i?H,n»i«™».-.J..nliiii.IiSInrk-.  I'n.>.  f.  S.  Sal.  Mii...  \ivii,  I'nil.  | 
SUtiun  :ti:V(,  off  <Ih)  I'oiiit,  SiimKa  Ituy,  in  1K7  fattKiiiii'. 


l^Oengii  ufmor*  Jordan  A  Blarka. 


rScliiniiiliita  miiwtlu  Junkiu  it  Hi 
.  Schmidtina  misakin  Jnnliiii  >^  Slarks,  lU'iv  p'li 


iAiri 


iirks. 


60.  Daruma  aa^amia  .lunlitii  i<c  Siarkr'. 

;*irumii  ..ijciwi.iJnnliiii  A:  BUirk",  1*«-.  r.  S.  NM.  Mll^,  jivii,  J«H.  \:  JIl;  SHKumf  Il«y.  Tirt.mil  Itaj-,  nwnri  Bay. 

SLitiiiiiH  :i7'i4,  H7i(2, 1111(1  :i7<>:t,  i.ff  Siitu>  I'uiiil,  Sii^iiii  Itiiy,  in  -I-'  t»  ■'>->  futlionix;  Mliitiini  .1729,  oS 
Owai  roiiit,  Tiitoiiii  Bay,  in  ;!7  fatlmniw;  ali*)  from  Owari  llay. 


JAPANESE   FISHES. 

S 1 .  Bicuzntiua  pinetonim  JuTdan  A  iHu\ta. 

Rina^tif  t>iu«>m  J<ir>lui  A  Surk<.  Pror.  U.  S.  S'al.  MlK.  nxtJl.  IBM,  p.  343:  MilMuhlnu  Bar 
StadoD  37T3,  ofi  Kinkwazaii  It-land,  in  ^tatEU^IiiiiiH  liay,  in  78  fathumi'. 


M  jutiUii  ii  :^u>rk9. 


62.  Pseudflblenniufl  totomiuB  Jimlaii  t^  Starks. 

/w.'W*iib(w/.i(.«i/w  JnBli.li  A  Slurlu.  IT..-.  [■.  S,  Kill 

BUtion  3759,  ofl  Sune  PoinI,  Salami  Kay. 


irii.  l'J»L  [J.  31.^  iiHgaml  Baf. 


/>nf(luUmitiu  tutoMJiu  Jurdan  ii  Stuks. 
63.  HemitripteniB  viUoaua  iI'sUsh). 

H.™i(r(p(-riu.ri-n-...(-.Ji.r.UiiASurli!i.  I*..  V.  s.  S,i.  Miin..  iirii.  ignt.  i>.  £»::  MslMi-hlna  Bar. 
Station  3T71,   >[atiiui>tLiiiia  Bay,  in  51    fathoiiii^     llrmUriplrnu  nununii,  Sanva^,   Xoov.   Archiv. 
SIiui.,  1K73,  p.  m,  from  l.'hina,  pet-mi'  tu  lie  iilentii'sl  with  thin  t<]ie<'ii.«,  whii'h  iliffera  but  slightly,  if  at 
all,  from  II.  <imerir<itiiir  of  ihc  .\tknti<'.     IlemilrijiUr^it  tiipii-mirw  Iiihikawa  (Pixh-.  Nat  Hist  Tukyo, 
I,  |>.  14,  |>l.  vii,  tig.  3,  1U04;  lUkixlatei  :*eeiii>>  tu  l*e  tlie  youugoftlw  Hiiite  B]>eci<«. 
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«pin«s  tw(.»-thinlH  len^tli  of  vyv,  prece<k*d  l)y  a  sharp  ridge  ami  exten<ling  jMintorior  to  all  other  parte 
rif  liea<1;  o])en'le  witli  a  Hiiiall,  slittrt,  nliarp  s]>ine,  ])nv*e(iiHl  by  a  low,  nharp  n<lg(*;  a  Hmall  Hpine  over 
fmnt  (»f  i^vt*,  a  high  spine  tiviT  |X)Hterior  i»art  of  vyv;  a  very  higli  nharp  iNt'ipital  Hpine,  two-thirtlp 
diameter  of  eye;  no  spint^s  alMivc  iiuizzh*;  lower  jaw  witli  many  harlteln,  tlie  onteniiot<t  a  lon^  bnuidiiHl 
bninh  over  two-tliirdn  length  of  head,  and  reaching  to  within  a  diameter  of  pu]>il  of  the  vent;  breast 
with  Koft  Hkin;  tinn  nwHlerate;  npinous  donuU  Ix'ginning  between  HtHNrnd  and  thinl  Hpim^j  of  doratal 
Herie4<  of  platen;  tijw*  of  Hpim*8  when  de[»re8He<l  n»aehing  to  baw»  of  M»cond  dornal  ray;  anal  pn>jei*tiiiK 
p<.>Hteriorly  Iwyoml  H^)ft  dor«il,  it**  origin  <ip|HiHit4»  that  of  the  latter.  Tip  of  ]HM*t<>ral  rt«i.'hing  fifteenth 
Hpine  of  u]))>er  w^rien  of  phit4*H;  ventndn  rt*ai'hing  jiiHt  ]iaHt  middle  of  vent;  eaii<lal  eoncave,  itM  len^h 
2.75  in  head. 

Color  brtiwii.  proliably  rtnl  in  life,  with  no  blaek  him)(h  or  marblingn  except  a  t*\y(>t  l)ehind  eye  and 
a  few  dark  f^lgingH  on  ridgen  of  ln»ad;  ptH'tonil  black,  i>ale-e<lgtHl  1h*Iow;  npinonn  dorsal  blaek;  w.»ft 
dorsal,  (^ndal,  and  ventral  mottle<1;  a  <hiHky  nhade  Ik'1<»w  lant  rayn  of  ^4oft  dornal;  nnter  l)arbelH  of 
mouth  black  on  <liHta]  half. 

One  HiHH»inien,  thr  tyjK?  No.  r»142H,  l*.  S.  Nat.  Muh..  from  statitm  .'WilW,  off  Maiiaxuru  JVnnt,  Hagami 
Bav,  in  153  fathomn. 


TRir.Lin^K. 


60.  Lepidotrig^la  gruntheri  llilgendf>rf. 


Iji piiitttriijln  iiiiHthtri  HilKciidorf.  'ifs.  Naturf.  Kn-uiulf.  l>«7t».  lOti:  Tokyo. 

UpitUttrhftn  lontrifiiiniit  ii{K'\tu\Hvh\U'T.  Kiwlu' .I»i|ninv.  iv.  rjVJ,  inf.  iv.  (ijr.  1.  l****":  Tokyo. 

Station  .S70S,  <S5  to  12:>  fatiiom-^;  station  :i7i:{,  ThK)  t^i  f>(M)  fath(»mH;  ntation  3714,  AH  Ut  HO  fathuiiiH: 
station  .'»7I5,  »>4  to  ♦i.'>  fatiioms:  and  stati«»n  3717,  tv)  to  125  fathoniH,  all  off  Oftic  Point,  Suniga  Bay;  ami 
station  3727  in  Tntomi  Ha  v. 

Head  3  in  length;  depth  4.  IH;  D.  vni-15;  A.  15;  Si-ales  55;  vw  3.5  in  hea*!.  Head  m«Mieratidv 
diH*ur\'e<l,  the  niu/.zlt'  <Mnargiiiate,  the  lateral  j)roniineniH'H  nuHlerate,  w«'akly  toothed,  at  tiji  a  preoiHi^r* 
cnlar  spine;  a  low  iM)Hto<Milar  spine  with  a  cross  furrow  l>ehin<l  it,  a  low  spine  U'liind  this,  on  each 
side  of  the  vertex;  nuchal  spine  Nuig  and  sharp,  thi»  inner  «Higt»  of  the  lK>ne  stnnigly  wrrate*!;  Hettmcl 
dorsal  Hpine  very  stn>ng,  l..'W  in  lu«d,  reaching  far  j>ast  the  othiT  s])ini^  when  fin  is  depn'sse*!,  and 
well  jiast  front  of  soft  dnrsjd;  jH'ctonil  l.l*>in  head;  lonjrt'st  detiwhnl  iHM>t4)ral  ray  n*aching  to  tip  nf 
ventrals.  Adult  examples  a  f(M)t  in  l(>ngth  have  the  lu>a<l  sm(K>ther,  Hpinct)  on  vertex  oli^olete,  Hpitiuh'rH 
on  snout  longiT,  interorbital  s|«iee  less  eiuicave,  se<'ond  dorsal  s}»ine  higher,  jH'i'tonil  tin  longer. 

Color  brown,  with  3  brown  cross-shades,  one  under  eaeb  dorsal  an<l  one  at  baw  of  caudal,  theHe 
fainter  with  age:  yoimg  with  a  bhu-kish  bar  at  tij>  of  caudal;  |KH'toral  black  within;  Iwek  mottled;  no 
black  dorsal  s|m>1,  but  sometimt^  a  dusky  ero.»is-shade  mi  dorsal;  no  sharp  line  on  side  Inmnding  the 
pale  eolor  of  U'lly. 

The  long  dorsal  spine  and  the  broad,  s«»rrated  nuchal  process  are  esjH'cially  chanu'teristic  «if  this 
s|>ecies. 

Five  young  s]H>cimens  with  th(>  IxhIv  and  caudal  tin  bamletl  anil  with  the  spini^s  on  the  lu*ad 
nmgher,  the  dorsal  spin(»s  li>wer,  we  repml  as  the  young  of  L*'ifitintr'ujln  ijunthrvi.  Stati«>n  370S,  t>ff 
<>>e  point,  Suruga  Hay,  in  «»5  to  125  fathoms,  tw(»  examples;  station  ;5717,  off  Ose  IV>int,  Sumga  Bay, 
ill  1)5  to  125  fathoms,  two  examples:  station  3727,  Totoini  Hay,  one  example.  Head  short  and  dt*ep, 
snout  st<H'p,  little  pnsluced,  emarginate  at  tip,  its  loU'S  slightly  serrate;  eyebrow  el«»vated,  coarsely 
tcK>the«l,  is>sterior  serra  a  strong  spine;  a  sharp  spine  (»n  each  si«le  of  vertex;  a  sharp  ]mrictal  spine; 
nuchal  spijie  strojig,  broad,  with  inntT  i^\)iv  narrate;  humeral  au<l  i>|H»n*ular  spines  strong;  <iorHal 
spin(>s  rather  h»ng,  strongly  serrate<l,  s<'crmd  l.tiii  in  heiul;  p«'ctoral  short,  1.2  in  hea<l  (young). 

Head  gray,  marblfMi  with  blackish  and  with  numerous  black  s|»ecks;  (KM'toral  closely  H]>otte<l  with 
black,  so  that  the  tin  ap{K'ars  bhu'kish;  a  bhu'kish  cross-shade  on  InmIv  IkHow  spinous  dorsiil;  another 
1k*1(»w  soft  ilorsal,  tluist'  extending  on  tins;  anoth(>r  at  l»a.'j<*  of  cau<lal;  caudal  with  a  namtl  black 
blotch  near  tip. 

The  lonjrest  of  these  is  4  indices  l«ing.  small4>st  1.5  inches.  We  have  als(>  a  large  example  nearly  a 
f(M)t  in  length  from  the  Yokohama  market. 


JAPANESE    KISHBS. 


61.  Lepidotriffla  Hbrssali*  Junlaii  A  StarbM, 
HMd3in  ltn)rth:  <1eptli  4.2;  I). 


A.  I. 


stolen  5fi:  eye  3.16  in  hem\;  pnout  •i,.y,  maxillary 
second  <lor<al  spine  I.7S;  peirtorai  1.1;  ventral  1.25; 


2.75;  interorbital  fpaiv  4;  first  ilorail  ^jiin 

Hea<l  rather  hi^h,  abuut  as  in  /..  giinlheri.  Siiuut  aluioiit,  tmni'Stt^  at  tip,  a  Kharp  ><piiie  nlightly 
projecta  at  each  angle;  interorlutal  rather  deeply  concave;  a  nhiirt  n&rroiv  t-ro(«-fum>w  above  p(«terior 
margin  of  eye  on  wipfaorbital  region,  but  not  e:tIen<lingflcrot«' tupof  heai.1  iiiiiHiially;  si  ifiht  indications 
ot  ridges  on  parietal  region;  niX'hal  Hpinew  ami  ridges  lint  little  developiid;  a  flight  ridpe  ninnin^  hack 
from  upper  posterior  orbital  rim;  hutiierat  jipine  moderately  ctrong;  second  dorpat  spine  longest, 
though  scarcely  the  etrongeet;  when  (in  is  depresweil  it«  lip  reafhi-s  lo  front  of  soft  dorsal,  or  1>arely 
p«Bt  the  tips  of  the  other  opines,  while  the  third,  fourth,  and  fifth  Hn-  coterminal;  fiivt  spine  reaching 
only  a  little  past  lase  of  lust;  uppi-r  detache<l  jiecloral  ray  n«ching  tip  of  ventral,  which  reaches  base 
of  Kcoiut  anal  ray;  pt^toral  reaohini;  to  i)ppositt>  liam>  of  sixth  annl  ray. 


nior>' slenriiT  dorsal 
i>ni|>arisotiH  are  mini 
i|)  of  the  head  is  as  s 

le  is  not  much  eiilarge<l. 

SiiniKa  Biiv,  station  3713 

SI.  Mils. 


the  wi'ond  dor)«l  spine 
«■!!  lishcM  of  about  the 
IS  ill  this  species,  while 


t'-olor  mottleil 
spinouH  doTKal. 

This  Hiieciew  differs  from  /,.  gnuihni  in  liavi 
not  enlarfied,  top  of  lii-ad  wiihoui  siiimw.  Tlui 
8ami'  siie.  In  larue  spei-iriiens  of  /,.  yiillifri  tli 
in  very  small  specimens  the  second  dorsal  sjiini 

islM  mm.  in  len^lh,  and  is  No.  .5I4-10,  V.  S. 
69.  Lepidotrigla  micropt«ra  Giinther. 

D.  u-17;  A.  17;  head  very  smooth,  the  nnterior  pmlile  straighl;  snout  deeply  eirarginate,  the 
prouiin«nc«8  on  each  side  short  and  sharp,  eai'h  ending  in  a  spine;  preocular  spine  almost  obsolete;  no 
epineti  on  top  of  head;  nni'hal  spine  binnt  and  inconspicuous;  opercular  spini'  small;  humeral  spine 
long  and  sliar]>;  second  dorsal  spine  longest,  I..^  in  heail;  pei'loral  as  long  as  head. 

Color,  brown;  belly  silvery,  a  pale  or  golden  line  marking  the  lioundary  alHtve;  a  large,  blnck 
ocellus  on  last  dorxal  spines;  )>e<'toni1  black. 

Station  .171.5,  off  <>i>e  I'oint,  Suniga  Bay.  in  *H  to  IVI  fathome;  sWlion  377it,  in  MaWiisbima  Bay,  in 
42  to  45  fathoms. 

Color  in  life  of  specimen  from  station  37l-i,  B<»rlet  reii  above,  abniptly  white  lielow.     First  ilorsal 
red  with  a  large  black  spot  on  itji  imsterior  rays;  seiiind  dorsal  brick  red.  laudat  scarlet,  liecoiuing 
D  behind,  ventrals  and  anal  pale,  pectoral  Hackish  purple  above,  paler  lielgw. 
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WeMlTtlu'M-HIN-.'illll'IIXt. 

l^pidiArij/lii  rlr<i"rhii  Sii'iii<liu-lii 
iluubt  the  Hiiiii'.  hIiIiixi).'))  it  sh.. 
Tht>  only  itiffpn^ni-c  we  .-nri  tiri<l 
I^pi'MriijIii  mirriifiti-r'i  iimy 
ftnilMoali'lifthtl.vloni.'crtliiiiiiti 

ll»  Dot  IVM'll  tl)  ti[>  iif  VI'lllRll. 

Wi-  liuvf  lariji'  i'xani|>lf>' 
UlHil'MrujI'i  >lr-i>iM  Sti'in<iHc)ii 
tlio  ilarker  <ii|rir  of  Die  Uik  i; 
then.-  is  ii.>  tnitv  "f  lilack  ..ii 
I'viiU'iiI.     Ill  lln-H'  liirp>  ti\»v-'\i 

M-rnr.     Thin  in  lh<-  o iif>^t 

waul.      We  Imvi'  nii rmiH  !'\n-< 

Tltf  n'tmiiiiiii^'  .lu| mm ■.'<(■  f 
(>[  rhiHKi-  lijivi-iiiHiiyHiHiiitii- 

III  ()|W  lt[M.Nil-S  tllt>  Nl)i>l1t  htts  t« 


>  J^i'iMrhjIii  mirrti/ilfm  I  iiiDth^r  ( Ann.  A  Mv.  Nat  Hi  4.  ISTn,  241 )  == 
KT.  l>-1i.  IWitr..  V.  {..  liH>.  IKTii,  llubixluto.  TlicUttt-r  i><  without  iiiutrh 
n-  (inli,  wiiliiiiit  any  of  tlii-l>rillUnt  ititonitiorinf  thesiiei'intenx  in  hand. 
IN  IliHl  Ihi-rH'  i']if<'iiiiciii'  w<'n-  nil.  whil(-iili<>n>  i>xani]ik>K  an*  4>livf-)iii'*.ii. 
iH-kiiiiwii  liy  tlK-lilnik  !<i->l  on  Ilii'  ]ioxterior  |Mrt  ol<liin«l,  the  dorasl 
/..  ;/iinlh-Ti  atol  /..  'ifii/fwiri',  anil  theiihort  ileiai-liei)  pectoial  ravti  which 

i)(  Lffiiihilnyl-i  mi>r"iil'rti  Cnini  llii'  Tokyo  market  <i>rra>|H Muling  to 
itr.  hi  Hh-w  111.'  i>liiir|.  line  Hc|uiialin)i  Ihc  rilviTv  of  tlii-  belly  fitmi 
1  iilill  iiion-  a|i[ian>iit  than  in  imr  p|it>i-ii-H.     In  Him'imens  a  foot  1od|c 

ho  .lorsal  lin.  bnl  in  tin'  y'.iiii).'  of  -I  im-liti'  the  lilai'k  «w\\a»  \m  atill 
Lii'ii^  i-ai-li  loin-  fl  till'  I'lioiit  cii'li'  in  a  Inrin'  1)11111'  anil  Kevisral  Miuiller 

>-]M-<'iii<  Iif  the  in'niiH  in  Jaiuiti.  i-xtfiiiUiiK  itx  raiim-  wdl  to  the  north- 
-iini'ii--  from  .\oinori,  MakiHlitlc.  Ti'imipi.  Mati'iHliiina,  uikI  Ilinwhitna. 
|i<'.'ii'M  (if  lA-i'i'l'>lrUil.i  in  /„  .ihiln  iHoiitlnyni  =  /.. '.nr./.T.'  (Si.-hl«fri-n. 
iiMln<iii  till- i^lion-s  of  rainlliiTri  Jhihiii,  Imt  noiii'  taken  in  thu  dredge, 
o  loiii;  'iiviTvinn  imHTfWf. 


.  LepidotriKln  JHponii'H  1  tllii'kcr: 


r/|»'(..frf;i/'>»r'i'J'<'<llilin'tHli>r(.  N'Hiiirt.  Knui 


84.  CoryphoptoruB  pflaumi  1  r>l<'i-k>'i 


-l-VL.'^Ml    I,,,... 


tittiiri   liiiy.  ill  :!ln!ifail.oii,-.     Tli.' 1y(-- ..f  ft,  „.Hf.l.„.^  .r,  w*-,-,/...!  i^  xiiiillo  ha^i* 
nut.'.     Till-  iiiiiiit'  r.,e,ii,h„)i,ri'»  iiijiy  llii-ii  In.  iiw-i  for  H|«'cii'f.  of  Ihin  ty|«'. 


JAPANESE    FISHED. 
OS.  SuruBA  fundicola  Jonlaii  A  .'^nyiler. 


V,  HnniK.  B->-,  llwart  M 


StAtion  :KSm,  lift  Maiuuuru  PoidI,  Si^nii  Etay,  in  t-i-'t  fathiinix;  sltitioii  :(70K,  uff  Oee  Point,  Kiinigu 
Bay,  in  65  to  I2i>  futhotux;  xUtion  37U,  4H  to  IH)  full><m»'.  sIM'uat  ItTlh,  tU  t.>  li-i  fatli.>nii',  i>tation  :i71«, 
6S  to  125  fallionii<,  ami  KUtion  :l71tl  in  70  to  KHI  (athoinx,  all  <iH  (>»•  roint,  Snniva  Bay:  ntariim  .172-.', 

Owari  Bay,  in  .1  lo  »  fatiioinv;  station  :!7L':[,()w:iri  Hay.  i"  ■">  lo  V>  fitd i>;  s-lalion  ;i741,in  Siirn^k  Bay, 

71  fallioni!':  ^'tation  :t77^,  in  Matnueliiiiiu  Bay, 


67.  CIuBturichttkyB  sciistius  JonlaiiA   Snyi 


!^tation  :)71.'>,  off  llxf  foinl,  .'^unitn  Kay,  in  t>4  to  tL'>  lathoiiiH;  iftation  :1722,  ;t  lo  I*  fatimmi';  xlHtioii 
3723,  S  to  1.5  faliioiiiH.  aii.i  i^ali.m  :{T-.'4,  Ifl  to  2(1  fatlioni.-,  ail  in  Owati  Hay;  flation  3707,  MatHiwIiinit 
Bay,  and  station  376)',  Matmwhiuia  Kay. 


68.  Tr]r|tiiuchea  wakte  Jontan  &  SnyrliT. 

JVy/miu-A,riu>(fcrJunliiiiA.';ii>c1,-r.  IT.--,  r.  W.  N.i.  Jill-.,  iiiv.  1«K.  |..  IJT:  Owari  H«y.  WoksniHii 
Stnrion  .'1722,  3  lo  H  fatlinnin.  anil  idation  372:t.  5  to  l.'i  tatlioini^  liolli  in  Oniiri  Bay. 


Sits  HITLLKTIN    OF   THK    UMITKD   HTATRS    FISH    (U»)CM1A^U»N. 

CALLUiNVMIl).^. 
69.  OollionjrmuB  lunatua  St'lilitri'l- 


70.  Calliouymus  fla^is  Jonliui  .<<  FhhIit. 


■i  ttny. 


r\  Hi.y.  MH«i»liliiia  Itey. 

tl^',  Onitri  iluy:  >-tiili<>n   :ir: 


DHACUNKTTIIM'. 


71.  Draconetta xenicB  Jonlan  A  Kii«Ut. 
<  iTii'  Hi><TLiiii-ii  fniiii  Hrmiciti  :!7("i,  Sumjoi 


JI1I1J-.      N.I.  .-HiMlii,  r.  S.  Xi,i.  Mm 


73.  CJuonpBOdoiiTorMt  CiuiitliiT. 


JAPAHKSK   FISHES. 
CHAMPSODONTIU^E. 


Nai.  Miu.,  jiiv,  IWJ.  p.  181:  Panm  Bav. 

1)  :t7l4,  4K  to  tH)  fHllKiiiLS  bi>lh  uR  f)sf  Piiii 


PTEHOPSARIO.*. 

73.  NeopercU  aexfiaaciata  i  .S'liliin-n. 
S-^rri. •rjf.iM-im-i,  J-ttyiAn  A  .■iiiyili-r.  >'nir.  I'.i^.Nat.Uiu..  XIIV,  IM 

SutioQ  37:UI,  uS  i)wiiri  I'oint,  Totouil  Bay,  M  fathunii':  flA 
to  70  futhoiui';  starion  3727,  in  Toloiiii  Bay;  Ptaliun  37ft3.  iiff  Sunv  Point,  Saganii  Bay.  49  falhoiiif. 

This  Hpei'iai  frvquetitly  lieara  siiiall  panu'ltic  iso)HNl8. 

Wiien  frrsh  the  i^pcciDieria  i)i¥ilg«4  in  Riiruga  Bay  were  orang«  rv*l,  witK  biark  Inra  anil  marking, 
wliii'li  on  head  ami  lielly  «>ha>leil  into  yellow.  Caiiilal  bright  yellow  aliove,  oranfp-  nil  U'low,  with 
Ihrei-  blai-k  cmw  liam  on  upper  hall;  lower  fiiii'  nraotie;  jierti>ral  golden. 

74.  Neoperci*  attnmtioca  ( Doilerlpin}. 

.VropmTin»mi.fBini.  J'mUiiiSnyilrr.  Pnir.  I'. S.  Nat.  Mail..  IxiV.  WW.  p.  « 
Station  :t7IH  ofrnH-Toint,  Snni|»  lUy,  (L'>  to  lli.'i  tathonix;  ali«>  i 


1|  ltaJ-.SiiniK«llaT. 
off  <)Be  Point,  Sunitn  Bay. 


|-.S«nimiBaj-.<» 
lul  Owari  liavii 


7S.  Pt«rop«ar(m  erolana  Jorilaii  A 

l1rr.,iMir.m  ,r.i.,«.  J. .Mull  A  snyd.T.  [h 


.\I»)i1ivi1iih1  in  Owari  Bay, 


IT.  Vtnr.  v.  s.  Nai.  Miu.,  itiv,  IMM. 
agatiii  Bay.  -W  fathuiuH;  iitalio 
49  fathon'is.  No.  50008. 
II  14  to  JOtathontf. 


I'l>:  !i««»nii  Bay.  Oirari  Bay. 

»7H2, 4)wari  Bay,  A2  fathonv;  aUlioii 


(iOO 


nCI.I.KTIX    OK   TIIK    UNITKIJ   STATKS    MSII    niMMISSKlN. 


76.  OsopBHron  ver«cundum  (.lonliin  &  SnyiliT). 

*1-r",.«i/i,nirn--«ml"w,l.mliiii.vSii\.1.-r,  I'ri"'.  r.  S  X.il.  Mm-.,  .mv,  I'JU.ii,  IT!:  Siinmn  llnv. 

fine  s]Ni'iiui-ii,  N~i>.  'Mm.  iln-ilp'il  ut  Htiilic.ii  :!71t<.  uff  <>«■  I'oiiit,  Sum;;:!  Ituv,  il'i  to  l:^'i  fallioiiiH. 

'DiiH  fiHi'ii-K  Hii'MiH  to  U-I'iii;;  to  11  liiffiTi'iit  Ki-iiiiH  friiiii  tilt-  |iniiiliii;.',  ilii'tiii|.'iiishi-<l  liy  t\n-  Iha 
HiixuikI  M-nly  i-hifks.  It  T<-:M.-iuhi,-:i  .[.■„„lh.;,l.nti*,  i\i-»i-riUti  1>y  UfititliiT  frniii  tilt-  Ki  IxIuiMh,  Inil  i> 
iliKtiliKiiisln'.i  fniiii  tlm  lull.T  l.y  tlii->. >itli  hi'iiIit-,  u  rliiinii-Ii-r  in  wliii'li  it  usmN-s  willi  IHif.fmtrtm. 


77.  Eulophiaa  tanneri  Siiiiili. 

tM..,^!.t.l.,nm.i>i.,i,h.  Hull.  I     ^.  Ki.lir. ,.,  |...t1.  ,,. ;...  ■ 

No.  4!t7!lM,   r.  S.  N:il,   Mil....  rniiii  >lii1ioi.  ,171.-1,  ..ff  i 


-iiL':i    lUy.iH   loli-'ifHllKi 


^mEEsFE^^S^^^S^m' 


78.  Iiycenirhelyn  pcecilimon  .Inriluii  •' 
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78,  Bothrocara  zeata  Jimlan  A  Fo»-I«t. 

iW*n™r.i  v«(.i  J.-nlKii  i  F  »kr  Ir-     I     -  \m   Mii- 


BKUTILIU.4-:. 


SO.  Poro^adua  ^unlheri  Junlaii  A  Fhh  l<-r. 
rt,r.-^Bi«.tf«-»A.f.  J..r.l«ii  *  K..«1<T.  IT.--,  f. .-.  \. 
StBliiiii  :tt»W.  S«)faiiii  Ray,  11(1  (••  17r>  faihoi 


B  Bivicola  Jonlan  &  Snyiler.     i  I'l.  ^-t.  ri>c.  :l.  < 
ir.rf-ijr..  «(■(.•.,/„  J.,nlan  A  Suvai-r.  I'n--.  V.  S.  Nat.  Slu^-.  wni.  I!«il.  |i.  Tti.".;  |.i.  xtxvii:  <.|..  .-it,. 
jxv.  ion;),  ji.  7.=i»:  Mi«kL. 

Slaliiin  :17:{S.  SiiniKu  Buy.  187fathiiini'  iunt-  s|ieciiii<'ii  :  riiatioD  :l6!t-~>.  .<a^iiii  Bay  ttwo  S|iei'imen8 1. 
Thr**  cpei'iiiifns  uri'  very  i-l<)w  to  tiic  tyiic  nf  W-it-iim  ti-iiyJn  tat(-ii  at  Mi^iki.  Thpy  'liRer  in 
the  )'hi>rtiT  lieail.  siiiaElcr  miiiitli.  )iniitt'r  lilitani-f  irmn  the  muni  to  the  vent,  ami  in  Iiavint;  tlirvp  or 
more  Mark  1>lot.-h<v  on  Dx- •li.r^.al  tin  lx-si.W<lark  xlia<lin;.'  on  tlif  I— ly.  Non<-o(  lln-Ihnf'>^i>«-imfns 
if  as  larf.'e  UK  till-  lypt>  ami  the  latter  ti'  fa-lol  tlircmi;h  lone  f  xpofiirv  to  ilio  i>(mlit;hl  in  the  ii 
nxnti  ..f  tin-  Inj^rial  ("nivi-ivity.  \\V  linn-  littU-  donl.t  that  tli.'  i.nwnt  ,.|KHiniens  t 
younir  iif  Wfii-f.^i  tiiiiiJn. 

IC'if'iA'i  iii'i.-r>,/»  ir:rintiieri  (roin  Fiji  ii:is  ninrii  in  i-oninion  with  W'H'U—,  tirinJ-i. 

(lAKlI).*;. 
89.  Boreogadus  saida  I  lA-|H><'hin  I. 

Stations  ;17'W  ami  :i7'i!i  in  Matwishinm  liay.  .iH  KinkwHwn  Islan.l:  many  vonnir  ^i^-.- 

83.  Phyaiculua  japonicua  llilu^nilorf. 
Staliuu  Mm.  off  (»m-  I'oint.  Snnipi  Kay.  K-^  to  V2S  (atliunis:  nn>'  i^niall  Kt-n-imen. 

.\TELEllPOI)lU.«. 

84.  AteleopuB  japonicua  Kleekcr. 
.'Station  :i717,  off  4W  I'oinl.  Siiniffa  lUy.  liTi  to  12-5  fall x. 
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MACKOUKlDiE.* 

By  I)HVi<l  Starr  JunIaii  hikI  ctiHrUtt  lleiiiy  (HlU^rt. 

B<Mly  elongate,  ta|ieriii|i:  int4)H  very  lon>;  coiiipreHKHl  tail,  whieli  emit*  in  a  |>oint;  pcalep  incxlerate, 
oftiiD  JMSiiled  <»r  Bftinous,  HonietinieH  nniooth.  Su)N)rbital  InmeH  enlar^j^ed,  iiHually  eavenunif?.  Teeth 
villifonn  or  ear<lifonn,  in  liandH  or  ningle  Herit4<,  on  jawn  only;  tip  of  lower  jaw  umially  with  a  barbel; 
preniaxillary  ])rotraetile.     Dorsal  iinH  2,  the  first  nhort  and  high,  itij  secrond  ray  nniially  8tiff  and  npiiie-  ^ 

like,  the  others  branehe<l:  the  neeond  dorsal  very  lon^r,  nsiially  of  very  l<iw  f«H*ble  rayfi,  t'ontiniiefl  to 
end  of  tail;  anal  fin  similar  to  se<u>nd  <lorsal,  but  usually  niueh  hi>;her;  no  caudal  tin;  ventraln  Hinall, 
subjugular,  each  usually  of  al>out  H  rays.  Hranchioste^ds  H  or  7.  Ijiteral  line  pre»«ent.  (iills  .'{.5  or 
4,  usually  but  not  always  with  a  slit  U^hind  fourtli.  (lillrakers  small;  gill-naMnbranes  frtvor  narrowly 
unit^^^l  to  isthmus,  usually  more  or  less  connectt^l;  jiseudoltramtliia'  wantinj^  or  rudimentary;  pyhiric 
cj«»oa  numen)UB:  air-bla*l<ler  prt»sent.     Hyj)erc«»racoi<l  usually  without  foramen. 

<ieneni  IS;  s{MH'ies  alH»ut  5(),  chietiy  of  the  northern  Ri*as,  all  in  dtvp  water.  They  differ  from  the 
c(Hl-tishes  (rhietly  in  the  elon^jrate  and  degenerate  con<Iition  of  the  ]M)>«terior  part  of  the  iMkly.  ]>r.  ( lill 
Huctnnctly  defines  the  group  as  "(radoidea  with  an  elongattnl  tail  ta{H'ring  bai'kward  and  destitute  €>f  a 
(*audal  fin,  {K>stiii>otoial  anus,  enlarg(Ml  sulM)rl)ital  lM)nes,  inferior  mouth,  sul>bra<*hial  ventrala,  a  distinct 
anterior  dorsal,  an<l  a  long  MH'ond  tlorsiil  and  anal  converging  on  end  of  tail." 

I,  Bathy<}ai)IN>:.     Fir.'«t  tmiiK^hiiil  ari'h   fn*c.  withotit  f«>l<l  of    iiiembrHiie  iion^iH  H:  iiioutli  iHixe;  wo«)ml  donMl   well 

(h'velo|i4><l. 
n.  <iills  I,  a  slit  iH'hiiul  ihv.  fotirtli:  no  rlt'VHtccI  Hiitcrior  1oIn>  Ut  uiml  tin. 
h.  (VirufoM  f<iniii)rn  entirely  within  the  hyiK'n'oraeoiM,  as  in  hlennoiil  liHliff-. 

r.  liarlM']  well  MevelojKMl <i atniii ill 

rr.  Barbel  none Kku  am  a 

/>.  romeoid  fomnien  )H>tween  the  hyiK>n'oracoiil  an<1  hy|MN>orueoi<1:  skull  (»MiN*ry:  kIH  menihraneH  jet  black. 

MKl.AN(iBKAN(r||1TR 

II.  MAritorKiN.1-:.     First  bninehial  an-h  with  a  fold  of  nienibmne  a(*roHM  its  terminal  (M»rtion:  k'Hs  4:  a  Klit 

behind  the  fourth:  toranien,  m>  far  as  known.  U'tween  the  hy|»ereora(*<iid  and  hy|Ki- 
ettraeoid;  chin  with  a  IwirUd,  whi<-h  is  rar«*ly  minute  or  absi'nt. 
r.  I'eeth  not  all  in  villiform  band'<;  thoHe  of  the  lower  jaw  in  a  single  serit-s;  mouth  mther  lar^e.  more 
or  less  lateral. 
'/.  rp|»4>rja\\  without  a  villiform  Imnd  lK.'hind  the  anterior  teeth;  iiuirr  teeth,  if  fin^scnt,  ehietly  in 
one  series. 
*.  Dorsal  fins  widely  si'parate*!.  inters(>aee  greater  than  l»ase  of  ilrst;  dorsal  spine  serrate.  M'ale« 

nearly  snuMith.  the  ridges  not  spinifi-nms I>c)LLOa 

'/«/.  rpiHT  jaw  with  ii  villiform  band  behind  outer  series  of  rnlarj;ed  t«H'th:  s<>ulesfyeloid.  *im<M)thish. 

/.  l>orsal  spine  serrate:  dorsal  tins  not  ^\id«'ly  s<*parate Chalinvra 

jt'.  Dorsal  spine  smooth:  dorsal  Uns  wrll  sejiarated;  ]HM'tonil  tin  elon>(ate AHYmi(X)LA 

rr.  T«M'th  in  villiform  bands  aI»ove  and  Im'Iow.  the  otit«'r  like  liie  n-M  und  si-arerly  ridarK«'<l  or  sepanitiHl; 
lower  Imnd  MUnetimes  redtieed  latrrally  to  a  siuKb'  series. 
//.  Mouth  wi<ie.  with  considerable  lateml  eleft. 
/i.  I><irsal  spine  tinely  barlM'd:  Inuics  of  vkull  rather  firm.  <lorsHls  modemtely  M'imrated  ...(?orypii.«k<>m»km 
hh.  Dorsal  ^pine  entirely  smiMith:  lumes  of  skull  very  thin  and  papery:  dorsals  well  HeparatiKl*. 

luirbil  small  «»r  alinnt H  YMKN<M'KPHAl.r» 

//;/.  Mouth  snuill.  inferior,  with  little  lateral  elrfi:  sulMtrbital  ri<ljre  usually  pronunent. 
/.  .<eales  spinous,  vi-ry  n>u>rh. 
_/.  Srales  distinct,  re^Milarly  imbricated. 
A*.  Vt-ntral  mys  7  t<»  lU. 

/.  D<irval  spinir  serrate:  snout  short Maorovrub 

//.  DoP'siil  .vpinc  entin*:  <nout  proiluced.  sturjit^m-likc ('(Ki.oKiiYNCiini 

kk.  Vcntntl  ray^  VA  to  1*> Nkzumia 

//.  Scub-M  indistinct,  scarcely  imbricated,  the  whole  Ixwly  roUKh-villoiis:  dorsal  spine  smooth. 

TKACHOKTRUfl 

<i  In  the  account  of  thi>  family  nil  th«-  Maerourida-  known  from  Japan  arc  trcat«Hl. 
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OAOOMUB  B«gma. 

Gadomu*  Regtux,  Ann.  Ma|?.  Nat.  Hint.,  19U3.  p.  459  {Umgijttu). 

Heatl  lan^f  tleehy,  without  prominent  ridges,  spiny  armature  or  external  depressions;  nape  elevated, 
hum(>-like.  Snout  bniad.  obtuse,  not  produced;  mouth  terminal,  very  laiige,  with  small  villiform 
teeth  or  none;  saborbital  ridge  very  low,  not  joined  to  the  angle  of  the  preoperculum.  Maxillar>' 
entirely  receiveti  within  a  gnx)ve  under  the  prefrontal  and  suborbital  bones,  its  tips  narrowed  asd 
blatle-Iike;  premaxillarie!>  protractile  <lownward,  separated  anteriorly,  rib-shape<l,  compressed  verti- 
cally,  very  broad  and  without  true  teeth;  provide<l  j>oHteriorly  with  a  short  flange,  which  if>  received 
under  the  maxillary;  mandible  re<*eive<l  within  intermaxillary  bones,  without  true  teeth,  but  with 
minute  asperities*,  similar  to  those  in  the  upper  jaw;  vomer  and  {»alatines  toothless.  BarWl  well 
developed.  No  |)t*eudobranchiiP.  (iillrakers  numerous,  mmlerate,  lanceolate,  with  minute  denticn- 
lations  along  their  inner  edge.  Branchiostegal  membrane  free  from  isthmus,  deejdy  cleft.  Branch- 
iostegals  7,  very  stiff.  Gill-opening  very  wide;  gills  4,  a  slit  behind  last  gill;  anterior  gill-arch  free. 
Operculum  with  a  blunt,  spine-like  [»rominence  at  iU<  angle.  A  round  foramen,  as  usual  in  flshes,  entirely 
within  the  hypercoracoid.  Ventrals  l)elow  pectorals,  many-raye<l,  anterior  rays  pn)duce<l;  dorsal  con- 
sisting for  the  mfist  part  of  branched  rays,  higher  than  anal,  the  first  dorsal  low,  without  differentiated 
spine.     Scales  cycloid,  unarmed;  lateral  line  strongly  arched  over  pectoral.     I>eep  seas. 

This  genus,  with  Baihygaduf^  differs  from  Macroui  u9  and  its  allies  in  the  structure  of  both  the  first 
and  last  gill  arches.  It  is,  perhaps,  the  most  primitive  of  the  family,  and  as  such  is  nearest  allied  to 
the  Gadidx. 

According  to  Regan,  this  genus  differs  from  all  other  Macrouridx  in  the  presence  of  a  foramen 
within  the  hypercoracoid  b<me  as  in  ordinary-  fishes,  not  between  the  coracoids  as  in  gadoid  fishes, 
and  from  BcUkygadufi  in  having  a  slit  behind  the  last  gill,  as  usual  in  Macrouridx.  The  mental  barbel 
is  well  developed.  In  the  relate<l  genus  Melanubratichn*  Regan,  the  foramen  is  between  the  coracoids; 
the  hypercoracoid  being  imperforate,  there  is  no  Ijarbel,  and  a  slit  is  present  behind  the  last  gill. 

(Gadu9y  co<l;  ojuo^,  shoulder.) 

85.  Gadomua  colletti  Jordan  &  Gilbert,  new  species. 

Type  332  mni.  long;  from  station  3721,  Suruga  Bay,  207  U)  250  fathom.s.     No.  o0930,  V.  S.  Nat.  Mua 

First  dorsal  ii,  10;  ventrals,  9;  pectorals.  21.  Gillrakers  4  or  5  19.  Branch iostegals,  7.  Head 
5.4  in  XotaA  length;  depth  7.33. 

This  sj)eines  is  relate<i  to  (indomuji  muUitili*^  InugijiUi*^  and  melnuopteru*^  the  head  narrow  and  com- 
paratively finn,  mucous  i-anals  not  ex(»e:^ively  develope<l,  mental  liarbel  very  long.  Interorbital  width 
much  le#v  than  orbital  diameter  «»r  length  of  snout  and  containe<l  6  times  in  length  of  head.  Horizontal 
diameter  of  eye  a  trifle  less.  Length  of  snout  3.57  in  head;  snout  not  blunt  at  tip.  Vertical  width  of 
suborbital  beneath  middle  of  orbit  5.6  in  hea<l.  (Occipital  crest  long,  the  distance  from  its  posterior 
end  to  dorsal  contained  3.8  times  in  its  distance  from  tip  to  snout.  Mouth  moderately  oblique,  the 
mandible  everywhere  included,  maxillary  not  rea4'hing  vertical  from  hinder  edge  of  orbit,  its  length 
half  that  of  hea<l.  Teeth  excessively  minute.  crr»wdeil,  fonning  a  wide  liand  in  premaxillaries,  a  much 
narrower  band  in  mandibles.  The  premaxillary  band  increases  in  width  laterally  to  end  of  second 
thinl  of  its  length,  its  width  there  equaling  one-third  the  orbital  diameter.  Individual  teeth  are 
scarcely  to  l>e  made  out,  and  constitute  a  fine  shagreen-like  surface.  Barbel  very  long,  two-thirds  the 
length  of  head.  Preopercle  rather  narrowly  rounded,  width  at  angle  slightly  increased,  about  two- 
fifths  orbital  diameter.     Opercle  firm,  without  evident  ridges  or  spines. 

The  gill-membranes  form  a  rather  wide  free  fold  across  the  isthmus,  to  which  they  are  not  joine<]. 
No  tra(*e  of  |>seudobranchia?  can  be  detected.  (Jills  4  in  number,  the  large  slit  l)ehind  the  fourth  arch 
equaling  orbital  diameter.  Gillrakers  very  slender  and  comparatively  short,  the  longest  one-thinl  the 
orbital  diameter.  A  very  det»p  pit  marks  the  usual  ])seudobranchial  area,  more  developed  than  in 
relate<l  sfiecies.     Hyj>ercoract»id  with  a  well-marked  foramen,  as  in  blennioid  fishes. 

Secon<l  <lorsal  spine,  second  pei'toral  and  outer  ventral  ray  enlaTge<l  and  greatly  elongated;  dorsal 
ray  3.66  times  in  total  length;  |>ectoral  ray  3  times;  ventral  ray  5.5  times.  Base  of  pectoral  fin  in 
advance  of  insertions  of  first  dorsal  and  ventral  which  are  vertically  opposite;  first  dorsal  spine  repre- 
sented by  a  small  nodule,  conceale<l  at  base  of  secoml;  succeeding  rays  forke<l  in  their  distal  third,  the 
longest  articulate<l  ray  three-fifths  length  of  head;  no  inter>*al  between  dorsals;  longest  ray  of  the 
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iiM:oniI  ilorHal  twii-fiftim  li!n)cth  of  lii>8il:  iiri^jiiii  ii(  aniU  lln  vcrtiiitily  U>luw  Icntli  ray  nl  Hmxind  (loraal 
lam  lit  oiiUt  ventral  ray  luiilway  iM-twtH'ti  (iri)(iii  of  aii;iI  iiiiil  tr<)rit  i>t  cyi';  vtnt  mon"  ontt-rinrly 
IiIhiiiI  tliiui  in  ivlal^l  M|iti-iiBi,  \b<  iliMtanri'  frijiti  fniiil  of  atiiLl  (.H(iiitlii)|r  lwo-tliinli<  cirbiUI  iliaiiK-tcr. 
Si^t-H  unaniml,  witli  vt-ry  fiiiiMriinivtitric  rttriw.  TtielsicralliueniTD'poiiti'riorlyK  littit-  below  in ul<l]« 
iif  8iilt?>,  finil  rineH  aiituriorly  liy  a  gently  miK-anr  i'ur\-(>,  iimeriiiK  Htrikin^>ly  in  thiK  from  tuont  oth«r 
npecies  of  the  fcentin,  i[i  wliich  the  luteral  line  <le«Tilx9<  a  stn>n){  eonvex  fnrvuatxive  the  peotoraln. 
SeniM  oiverinK  top  ami  r-iil<i>  of  lii'tui,  iitnl  i>n-;4'iit  in  ii  serii'S  itlons  nianililinliir  ramiDi;  alxtent  on  ojxtiii- 
lar  ami  jtiiliir  memliwnii'.  Ali-Hit !)  !■.  1 1  Mciilef  in  :i  «Tie-  iK-twwn  tlie  Htraiiiht  |iortlon  of  lat«»l  line 
anil  IwM'  of  ilrirxitl. 


Color  in  iiiHritH.  Ii»;tit  lmiwiiii<h  mi  liut'k  uii'l  miU-m,  nilwry  on  eliii^kH  anil  nniler  i<i<)e  of  litwil, 
aiul  r-ornMi[>oi)ilinK  |iorlionnrj[  trnnk;  lin^ast  uml  umler  wide  of  liiinl  i-iurHcly  Ninvkeil  with  bruwn. 
r|)|ier  jiortiiiii  nf  ojien-ular  ]iii-niliiuni>  liliii'kiF<h.  Snout  chinky.  t^ir^tiloraal  fin  lilai'kir^li  Ihroni^out, 
incluiUn);  lilatueiitiniHniy.  SceomI  ilorval  uilli  ii  lilai'k  iiiiiruin,  lin  otlieru'let'liirht  in  anterior  poKion, 
Iiri)!lit  l>lue  iHsOi'riorly.  Anul  wliitisli,  likik  nioir  eml  of  tail.  I'ettoraiy  uml  ventmlH  blackinh  or 
iliinky,  till'  liianienln  ami  liiH<  uf  ravH  wlntl:'h:  lower  lip  iliiiiky.  lint  unti-riiir  mouth  ]>artii,  incluilintc 
tiii'ml>ram4>,  ntherulM-  whilifli;  roof  anil  jKiNterior  iiart)<  of  nionlh  hlai-kiiili;  j-ill  cavity  hlai-k,  nve  a 

wiile  maiv'in  rm  inner  Mile  of  oiMsniilar  anil  ^ill  n ilininiv.  wliii'h  iHHiimiw  ahniiilly  whitUh  anil 

I'ontnuitH  i<tron(;]y;  iH'Ht<ineuin  jet  lilui'k. 

Cim:  Bjiei'lnien  oliiainnl  hv  llii-  .lllmlriM  in  Sunipi  Huv. 

lSani.-l  for  I-n-f,  l^>W•rt  'Conelt,  of  the  Tniveniily  of  Cliri^tianii. ) 

BEQAHIA  Jordan. 


Thin  p'mw  iliffern  fn.tu  '■■W.,,»u»  in  the  alwei 
fonilean  in  lladt.mu^.  Th.-n-  Ik  al>i..,  ax  m  ll'i'k 
(Naincil  forC.  Tiili-  Kit»ii.  of  Ihe  liritixh  Miiwni 


•ntal  lurlH'l.     The  liy|H'i 
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86.  B«9«nia  uipponica  J'inlan  &  (ijllien,  new  Hpci'lui'. 

Type  Xo,  501«l,  I'.  S,  Nat,  Mif,  SW  mm.  (lail  --liitlitiy 
depth  207  ti.  350  fatliiini". 

First  dorsal  n.  10;  wiilmln  !i;  [H.-ctiiralH  17:  knUrakeri'  i 
total  ieujrth;  aei.tli  7.iit). 

Iltnil  itileniie'liait-  in  wiiltti  an<l  lexture  between  'i-idomi 
what  nearer  foniier  in  ajipearaniv,  Imt  the  liarliel  wiiotly  1 
taperinjf  retcillnrly  !<•  a  rather  liharp  pminl:  iiiiii-i)ii: 
mipporteil  hy  thin.  Ihiik  wpta;  Inlenirhital  ui'llh 


ijui¥<li,  fnini  i<tatii>n  .1721,  Suniica  Bay. 


Iti:  l.n 


vhiiiiitetnil!'  7.     Heail  n.l2 


;.id..in.«  imimiif  ana  ]S-iih<i<jii.lw  nMohht,  e.>ine- 
iiolly  lackin)!.  a."  in  latter;  fr.rni  elimnatc,  head 
lalH  laiye.  <-i)Vore<l  liy  thin  niemhmne,  wliii-h  is 
?v\f  leni^li  of  i<iiuiil.  miieh  exceetls  iliaineter  iif 
cuntaine<l  'i.VA  tiinef  in  lenjfth  of  heait;  len^rth  nf  mkhiI  ri.71;  limpitndinal  tlianiet«r 
ol eye  4.2,  the  vertieal  iliaineter  fn eleventh:'  the  liorizontai;  nuptriU  uniiriually  lar^,  anterinr  verti- 
cally elliptical,  Iml  littk'  more  tliuii  hulf  the  heitilit  of  jHRiterior,  whidi  !<■  aliout  one-fourth  diameter 
of  orlat;  mN-ipltal  trest  lihnrt,  Ih.^  differeniv  fnini  ilr'  |>  .slerior  eixl  |o  i.riiiin  "t  dornal  containeil  2.25 
tim<i<  in  it><  •lii'tantv  fn>m  tip  uf  !>nriut.  Pi^terior  iiiiin^'iii  of  orliit  a  trifle  in  advance  uf  middle  of 
leUBtli  of  head. 


Month  1 ipamiivclv  hlilc  ohliiiiic,  niu.villurv  n-acliini;  :i  lillle  U-voikI  vertii'al   fmm  {HMterior 

e.lt.'e  of  orlul.  its  U'n;-th  I.S7  in  that  of  liead.  Ma'txlihle  uhnlly  im-lndt-'l ;  a  shi:ht  ^yMi|.Iiy>ta>l  kni>l>: 
tio  Imrlx-I.  TtH'th  tine,  cnjiv.]...!.  Iml  in.lividiially  vi^ihle  uilliont  aid  of  h-n^  |;n>win|;  mnch  amuller 
Uiwur.1  ar>);l<-  of  nmnth.  distinrtly  arn)H'-^ha|>i>l,  iii  n^^nal  in  the  iillitT'  of  IMh'fj'i'hi^:  pn'maxiltary 
Innd  fnlly  t»i<t'  thi-  width  of  iliaii.lihnlar  l<an.l,  ilx  pn'al'i'l  width  «l->iit  »rie-><<-venth  the  orhila'l 
diainfter;  |ini>]ien-li'  widem-'l  al  anv'K-,  its  ifreatet^t  wiiltli  almnt  enualiiia  verliml  liei^iht  uf  wilBirhilal 
below  middle  of  eye.  al-Mit  one*i)ihth  the  length  of  h.-ad:  o,H.rci..  firm,  williont  evident  ridgra  -r 
0[.ines.  The  pill  menil.ranes  an- iiijure.1  anu-ri..rly  •>»  niiddl./ lim- of  ihruat,  w.  the  width  «(  the  free 
fold  can  tint  \<v  'let<'rMiine<l;  4  full  nill:'  pn-^-nl,  leiii.'tli  of  fourth  ijill  slit  half  thi-  orhital  diameter. 

tiillniken'  lonR  and  flender,  the  LnikT^t  sliiihtly  motr  lliaii  liaif  tl rhital  diameter.     No  tracv  of 

{H'eiHlohrHnchix'  pn'H.-iit,  Siipralmtnchial  very  deep;  origin  of  dorsal  h.diind  inwrtiim  of  jiectorals, 
which  ar\-  vertii'atly  ovi-r  vcnlnds;  fir^t  dor^qil  and  |>ect<iral  rays  Injnn'il  at  li]',  Iml  the  wrond  don4ll 
spine  anri  ti|i|«T  jic-toral  ray  an-  not  thii-keniil.  and  were  pn>lwMy  not  greatly  imnlni-eil;  rays  of  first 
dorsal  fiirkiiii  a  very  short  inlerval  lietween  lioi^al  (in.-;  ravH  of  itiimd  dorwd  milch  hii.dii-r  than  anal 
t^y*;  anal  orinin  v.-rlicidly  Isdow  eleventh  ray  of  Kecoiid  dorsal;  vent  in  advan.x'of  anal  a  disUmv 
equaling  one*thinl  the  orhital  diameter:  Imw  of  nntcr  venlral  ray  niiilway  lielwifn  vent  and  front  of 
pupil;  outer  ventral  my  slitfhtly  pnahK-eil,  ri'achini;  twu-thi^l^'  the  dii^ance  Invent. 
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Scales  large,  somewhat  more  closely  adherent  than  usual,  still  present  over  considerable  areas  of 
body,  covering  entire  head,  including  mandible  and  gular  region,  fmt  not  the  branch iostegals;  acalee 
unarme<l,  finely  striate<l;  lateral  lino  niUH  [K>steriorly  considerably  l)elow  middle  of  sides,  and  rises 
anteriorly  in  a  \ow  ccmvex  curve  al)ove  i>ectorals;  chord  of  curve  etiuals  length  of  head;  9  or  10  scales 
in  an  oblique  line  upward  and  backwanl  from  iKwterior  (subine<lian)  ]K)rtion  of  lateral  line  to  liase  of 
dorsal,  21  scales  upwanl  and  backward  from  first  anal  ray  to  iMse  of  dorsal. 

Color  of  head  and  Ixxly  nearly  uniform  light  grayish,  with  some  silvery  luster,  breast  and  l^ielly 
not  darker,  opercular  and  gill  membranc*s  notbla(*k  on  outer  surfai'es;  symphyseal  ])ortion  (»f  inaiMli- 
ble,  and  c4»rresi>onding  ]M>rtionHof  lower  lip,  dusky;  inside  of  mouth  an<l  the  gill  cavity  purplish  black; 
posterior  margins  of  o]>ercular  and  gill  membranes  irregularly  lighter  or  whitish;  fins  dusky,  dorsal 
and  anal  bhie-black  {Kisteriorly. 

Known  only  fn^m  the  tyjn*. 

XSLAKOBRAHCHUB  Bagan. 

Melanttftranchu*  Refiraii,  Ann.  &  Ma^.  Nnt.  IIlHt.,  IWV),  \^.  4'i9  {mrUiwiltrttnrh^t*) . 

This  genus  in  closely  allie<l  to  JiathifgndiiHy  differing  in  the  prestm«i»  of  a  slit  1»chind  the  last  gill  and 
in  the  aljsence  of  bar1)el.  As  in  BathifgafluM^  and  macn)uri<l  fishes  generally,  the  iniracoid  foramen  lies 
between  the  hyiH'rcoracoid  and  hyi)rM*ora(»oi<l  instead  of  witliin  the  sulwtanct^  of  the  first-nameil  Ijone. 
Skull  extremely  cavernous.  S«iles  weak,  I'ailucous.  IKjrsal  fin  feeble,  the  second  8[>ine  not  serrate. 
Gill  membranes  black.     DiHij)  seas. 

{uiXixiy  black;  flfjayx^^f  Ki^^) 

87.  Melanobranchus  antrodes  Jordan  A  iiillHTt,  new  siMvies.     (IM.  4,  fig.  1.) 

Tyi)e,  2ty>  mm.  long  (tail  slightly  injuriHl),  from  station  .'{HtMi,  Sagami  I^y,  54)1-749  fathoms: 
No.  50932,  I'.  S.  Nat.  Muh. 

First  dorsal  ii,  S;  ventrals  9;  ]»i»ctorHl  14;  gillrakers  (i  f  2();  )>raiichiostegids  7.  Ilea<l  4.HH  in  total 
length.     l)e[>th  (>.5. 

Very  <'los4»ly  related  to  MriHuohratwhujt  ffowertii^  fro»n  vi<*inity  of  Hawaiian  Islands,  differing  in  the 
lighter  color  of  anterior  {uirts,  the  slightly  firmer  consistency  of  the  Ixtnes  of  head,  <lifferiiig  pn>por- 
titmsof  oi>ercleand  pr(H)jH^rcle,  greater  development  of  upper  oiwrcular  ridge,  and  the  somewhat  smaller 
scales. 

Head  very  wi»le,  with  wide  iiiucohh  caiialH  and  fragile  crests;  membranes  covering  tlie  tranals 
strongiT  than  usual  in  this  geinis,  and  intact  in  all  the  HiHvimens;  interorbital  widtli  much  longer  than 
snout  or  eye,  one-tbinl  h'ugth  of  head;  longitudinal  diameter  of  orbit  one-tlfml  longt»r  tlian  vertical 
(liameter,  two-ninths  the  length  of  hea<l;  snout  3.4  in  hea<l,  its  length  iMpialing  its  width  opposite 
anti'rior  nostrils;  posterior  Ixjrder  of  orbit  in  middle  of  lengtli  of  head;  mouth  U^nunal,  oblique, 
man<lible  everywliere  inchided,  maxiUary  everywhere  reaching  vertical  from  liinder  margin  of  orbit, 
its  length  contaiiUMl  1.86  tiincH  in  head;  no  trace  of  mandibular  barls'l;  teeth  minute,  e<{ual,  with 
narrowly  arrow-shaiH*d  tips,  in  a  broad  preniaxiHary,  and  a  narrow  mandibular  band;  preoix^rtrle 
rather  narrowly  ronn<kHl,  grt»atest  width  of  its  [M>sterior  expande<l  portion,  at  angle,  (.Mpialing  one- 
eighth  length  of  head;  vertical  width  of  sulK)rbital  Ih»1ow  middle  of  orbit  5.3,'}  in  hea<l;  distamre  from 
hindtT  margin  of  orbit  to  i>reoi>ercular  angle  etpials  less  than  half  length  of  head;  anterior  margin  of 
najMj  is  slightly  nean»r  tip  of  snout  than  front  of  dorsal;  exiHistnl  {xtrtion  of  o|H»n'le  much  l(»ss  in 
pro|H)rtion  to  oiK.^rcular  wi<lth  than  in  yfelanohrmwhuA  honrrsi.  OjktcIc  with  two  «liverging  ridgt^s 
ending  in  weak  spines.  Al)ove  upiKT  ridgi*  is  a  third  much  lower  ridge,  wliich  ends  in  from  one  to 
thret'  very  weak  spines,  nearly  as  long  as  tlie  one  iK'neath  them. 

(Jill-membranes  mo<lerately  joined,  fret^  from  isthmus.  Four  full  gills,  with  a  narrow  slit  Is^hind 
fourth  an:h;  out<T  gillrakers  very  long  and  slen<ler,  two-thirds  the  diameter  of  orbit  (shorter  in  an 
older  s|H'cimen).  A  few  unmistakable  free  pseudobranchial  filaments  are  prt^st^nt,  these  most  abun- 
dant in  tlui  largest  siMM'imen.  Coracoids  thin  and  pajwry,  the  fonimen  lying  In^tween  the  hyiH.^rcora(X)id 
an«l  the  hy|)ocoracoi<l. 

( )rigin  of  dorsal  is  a  little  in  a<lvance  of  jsHrtorals.  All  the  rays  of  the  vert i<'al  tins  si»em  to  lie 
slender,  unbranclunl.  The  dorsal  rays  are  injured  in  the  type,  but  in  two  cotyjK^s  the  st'cond  ray  is 
filamentous,  reaching  base  of  eleventh  or  twelfth  ray  of  second  dorsal,  and  containe<l  1.71  times  in 
head.  Dorsals  immediately  contiguous,  rays  of  second  dorsal  much  higher  than  anal  rays.  Upper 
pectoral  ray  filamentous,  reaching  m*  far  as  Iwisi^  of  seventh  anal  ray,  its  length  four-lifths  that  of  head; 
it  is  i)robable  that  this  ray  was  longer  in  life;  outer  ventral  ray  also  very  slender  and  filamentous, 
reaching  the  tenth  anal  ray  and  CNjualing  length  of  head. 
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Scales  very  Hinall,  thin,  caducuoiiH,  fallen  in  moet  of  our  specimens.  As  usual  in  the  genus,  they 
are  unarmed,  marked  with  extremely  fine  concentric  stride.  The  lateral  line  runs  posteriorly  along 
middle  of  side:*,  rising  anteriorly  in  a  wide,  low  an*h,  the  chord  of  which  nearly  equals  length  of  head; 
entire  hea<l  covereil  with  scales  (except  gill  and  gular  membranes) ;  smaller  than  in  ^f.  bowenn^  be'ng 
little  larger  than  the  scales  on  sides. 

Light  brownish  on  head  and  bo<ly,  breast  and  belly  little  darker  except  in  young  8])eciinens, 
where  the  l>elly  is  blue-black  and  the  breast  brown;  hea<i  light  brown  like  body;  ojwrcles  blackish  in 
young.  Rows  of  very  small  brown  spots  on  top  and  sidei<of  head,  and  along  the  rami  of  mandibles  in 
some  si>ecimen.'«;  mouth  antl  gill  cavitie?*  an<l  jjeritoneum  black;  tins  dusky. 

( tf  Krpo<5//$,  full  of  cavities,  from  the  spongy*  hea<i. ) 

Station  3rt9«,  Sagaini  Bay,  501  to  749  fathoms;  stati(m  3711,  Suruga  Bay,  500  to  677  fathoms;  fta- 
tion  3736,  Suruga  Bay,  480  to  599  fathoms. 

BOLLOA  Jordan. 

X*Metrya  Gixxle  «k  Bean.  (K'eanie  Ichthyolofry.  p.  417.  18%  Klongi/Ui*)  (name  preot'cupied). 
Iktlloa  Jordan.  American  Naturalist,  xxxiv.  1900.  p.  897  don*rifili9). 

Mouth  rather  large,  upper  teeth  in  one  or  two  series;  dorsal  tins  well  seiiarateil,  spine  weakly  ser- 
rate. Si-ales  feebly  ridged,  nearly  or  cjuite  smooth;  otherwise  essentially  as  in  Chalinura. 
{ Nameil  for  Louis  Dollo  of  the  Museum  of  Brussels. ) 

88.  Dolloa  longifllis  Giinther. 

Cyrryphsmoidrs  longifUis  (JQnther,  Ann.  &.  Ma^.  Nat.  Hi«t..  xxv,  p.  439.  1877;  south  of  Tokyo. 

Macrurxu  longifU:-^  GQnther.  Deep  Sea  FisheM  of  the  Challenger,  p.  151.  pi.  xxv.  1887;  Coast  of  Japan,  Houth  of  Tokyo, 

in  .%5  fathoms.    One  specimen  28  inches  long. 
Mfjueirtfa  Umiji/UU  Goode  A:  Bean,  Oceanic  Ichthyology,  p.  417,  1896,  after  Gunther. 

This  si)ecies  is  known  from  the  description  and  figure  published  by  (iunther. 
(L(nnju9^  long;  filum,  thread.) 

ABTS8IC0LA  Oooda  *  Bean. 

Ahffltftiroln  G<iode  «fc  Bean.  (X-eanic  Ichthyology,  1895,  417  {mncrftchir). 

Tpjier  teeth  in  villiform  bandn;  lower  in  one  series.  Snout  pnKJuce<l,  four-angle<l;  interorbital  sjiacv 
flat  and  wide.  Month  wide,  lateral.  Pectoral  fin  very  long,  its  l«se  in  line  with  front  of  doraal  and 
Ijase  of  ventral.     Dorsal  fin.s  well  separateil;  dorsal  spine  smooth;  scales  smooth;  barljel  small. 

Coast  of  Japan. 

( J6»/«r/ro/a,  living  in  the  abyss. ) 

89.  Abyssicola  macrochir  Cii'mther. 

Marniruf  marrifchir  Gunther,  Ann.  Mag.  Nat.  Hi-t.,  1x77.  XX.  p.  4;V»:  Hyaltmema  gntuiid;  off  EnoKhima.  in  SaKanii 

Biiy.    Gunther.  I>eep  .<ea  Fishes.  Challenger,  xxii.  1>nx7.  p.  IP*,  pi.  xxix.  fig.  B.  Kiwrihima. 
Ab;/iotiroin  mnrntrhir  Gof>de  <fc  Bean.  C>ceanic  Ichthyology,  18y>.  p.  417.  fig.  '3V<:  after  Gunther. 

Of  this  sj»efiet*,  well  Hgure<l  and  des<'ril^  by  Dr.  Gunther,  three  large  sjiecimens  were  dre<lge<l  in 
Sagami  liay,  by  the  J//*///rrw«,  near  the  original  locality. 

{ftuK/jiH,  long;  x^^Pi  hand,  from  the  very  long  |)ectorals,  which  are  bruadeneil  at  tip  and  not 
filamentoiL^. ) 

CHALnnniA  Oooda  *  Bean. 

Chnlinnrn  Goorle  <&  Bean.  Bull.  Mus.  Comp.  Zool.,  x.  No.  5.198.  1883  iVtmuia). 
CA/i/»n i/rux  Gunther.  Challenger  Re(M>rt.  xxii.  124.  144.  1H87;  change  in  spelling. 

Scales  cycloid,  fluti*d  longitudinally,  with  slight,  radiating  stria?;  snout  long,  broail,  truncate,  not 
much  pro<luced;  mouth  lateral,  subterminal,  very  large;  heacl  without  i>rominent  ridges,  except  the 
subocular  ones  and  th<ise  on  snout;  su1)orbital  ridge  not  reaching  angle  of  preopercle;  teeth  in  upper 
jaw  in  villiforni  band,  with  an  outer  series  much  enlarged,  those  of  lower  jaw  uniserial.  large;  no  teeth 
on  vomer  or  {>alatines;  small  psemlobranchia?  present;  gillrakers  8pi"y»  strong,  depreasible,  in  double 
series  on  anterior  arch;  ventrals  below  pectorals;  chin  with  a  barbel;  dorsal  spine  serrate;  8:>ft  dorsal 
much  lower  than  anal;  sjiecies  numerous. 

This  genus  is  allied  to  Macronrwt,  differing  in  dentition. 

(^ftiAiKos,  a  strap  or  thong;  ox^pd,  tail.) 


I 


608  BULLETIN    OF   THE    UNITED    STATES    FISH    COMMISSION. 

90.  Glialinura  liocephala  ((H'lnther'l. 

MtUTuriin  Ihx'fphala  (lUiither,  Dt'cp  Sni  FNhcs.  <'hiill4'iiKi'r.  |>.  14.^.  )>1.  xxxviii,  Hk.  h.  1hn7:  nfHr  Yokiihanifi  In  1,375 
fiUhoms;  niiddU*  raciiic  in  '2.W-A)  fathoms. 

Tliin  HiKH^es  i.s  kmiwii  tn  uh  w»li»ly  fnun  Dr.  (iiiiitluT's  ti^iin'  and  <Ut*<Tii>tioii. 
(Ac?c»c,  Hiiiooth;  KFt/taAv,  head.) 

GOBTPHJENOIDES  Qnnnar. 

rV/r//;«/(ff-MoiV/Mf  (iuiiiier.  TriMi<l)ij.  St'l.-k.  Skrift..  iii.  .M).  neW)  irnft*titn')'i.  j 

JlrnnvhiitMnjiif  Kh\\\\vv*\\\v.  AiihIvm'  <1«'  l.i  Niitiin'.  ISIO,  Wi  (Mii))Ntitiit(*  f«»r  i'urtiphH'Hnithf\. 

Snout  nhort,  ol)tiisi.»,  hijrh,  obliijuely  truncatiMl,  w>ft  t<»  the  tuiich,  exi-ept  it«  \h>\\\  <vnter;  iiionth 
hroad,  terminal,  it««('h'ft  hiteral;  head  without  i>n>niinent  rid^^H,  nieuil)ranelM»neHof  h^ideof  head  rather 
H<)ft,  hut  not  pajK^ry;  teeth  villi  form  in  lM>th  jawn,  tliosi'in  outer  Heries<»f  ui»|K*r  jaws  Home  what  en  laiyed. 
Si-ales  Hpinuus,  t*ecoiid  or  elonpite  dorsal  ray  lint'ly  wrrated  in  front,  the  Herni*  sonu>tinies  wan'ely 
appretiahle.  Lower  jaw  with  a  IwirU'l  at  tip.  Dei'p  wa.  Close  to  Macronnnf^  differiii^ii^  in  the  larger 
terminal  mouth. 

(C(trifph,'run:  f/VJft^s,  n»semhlan<*e. ) 

a.  IMrnal  npiiu^  iilittiU'iitoiiM  at  tip. 
'*.  BhmiiI  half  of  tlorsitl  spiiK*  Miiootli;  vi'iilralx  lilaiiuMitoiis. 

c.  SraK'j*  wnall.  10  to  12  wrirs  aiNivu  lateral  linr;  ]HM>toniN  not  (ilanirntotis affipinnin,  91 

rr.  S^'alfs  ni<Mlcnit«'.  jiImmiI  7  wrlrs  alMivo  lattTal  lint':  ilorval  spinr  alniti^^t  «'ntin',  iJs   sninnlvh  M-an-t'lv 

appn.TlahU':  lan'tonil  tilanicntous:  hrad  .'i.:{  in  Icn^tli:  scales  each  with  i:?  t«>  17  ri«l»:es atrtr,  U2 

Itit.  Kami  half  of  <loiX}il  spine  with  aliont  (ispintiles:  head  •\7r>  in  length:  scales  eaeh  with  alxait  12  riilK(.'s...imtr;//nu/ii«,|«5 
an.  Ihirsal  spine  not  lilanieiitons  at  tip. 

f/.  Scales  la r>re.  alKMit  •'>  MTies  aUtve   Iat«'nil    line,   dorsiil   »|>ine   with   ilv  spinnles  evenly   ileveIi»|K'4l: 

liead  .'»,:» in  leinjt  h , //vf rwiNi,  ui 

tit!.  Scales  small,  alsmt   10  alKive   latenil  liritr:  ilt>r^al  >piiie  line]>   M>rnilatc,  exeept  at  Imim*  and  tip: 

ventral  not  tilamenton** mmtkiu*,  95 

91.  CoryphaBnoides  altipinnis  (iunther. 

i'orttphu  wthliit  nltipiiiniM  4itinthcr,  Ann.  A;  Mui;.  Nat.  Hi^t.  ls77,  x  \.  p.  IW:  siitith  of  Tokyo  in  l.s7'.t  fathoms:  off  Ja|Mii  in  fi65 

fathoms. 
MurrHrmi  tiltiphmh  iiiiuihvT,  l»eeps«'a  Fillies.  rhallen»;er.  lxs7.  p.  l:w.  pi,  xxxix.  i\ii.  \.  thn**' s|Mi'iniens. 

Thin  w<*ll-marktMl  sikhmoh  is  known  to  us  from  I)r.  <uinther's  dos4Tii>tion  ami  figure. 
(Aitin<,  high;  pnnitt,  fin.) 

92.  CoryphsBnoides  awae  .Ionian  ^  (iillN-rt,  new  s|M'(-ies. 
Ty|H»  No.  H.'>47,  L.  S.  .Jr.  Tniv.  Coll.,  <120  mm.  I«»nir,  from  off  Nanaura  in  Awaat  the  i'ntran(*e  of 

tilt' hay  of  Tokyo;  presented  hy  the  Im]H'rial  I'niversity. 

First  dorsal  ii,  t);  ventrals  7  an<l  S  n'S|M'ctiv»*ly:  ptftonds  21.  Mead  '>..'5  in  total  length,  etpialing 
depth.     Seven  si'ah^s  in  a  vertie.al  series  hetwt't'ii  latenil  line  ami  median  lim*  In'twivn  dorsals. 

Mead  and  iMxly  high  and  <"ompn'sse<l,  grt'atest  <lrpth  of  lu-ad  at  jMisterior  t'ud  of  (H'eipital  en'nt 
(H|tialing  Ii'ugth  of  hoad  anterior  to  ui>|M'r  end  of  pn'opcrcle;  snout  short  and  gihUais,  its  outline 
<'v<'rywlH're  convex,  its  extreme  tip  forme<l  hy  a  small  pn»truding  tuln'rch':  supram'ular  rt^on 
di'pr«»sse«l,  longitu<linal  prolilt'stnmgly  eoneavt*,  lU'arly  flat  transv»*rs<'ly;  lu*a«l  everywhere  firm,  miieUH 
canals  <*omparatively  littl(Mlevelo|M'<l,  sidi^s  of  hea<l  nearly  verti«'al.  suhorhital  ridge  evi<lent  hut  very 
low,  en<iing  on  mi«ldle  of  chi'ek;  posterior  nostril  very  large,  anterior  small,  roundish. 

Kve  4.1^3  in  head;  interorhital  width  o;  length  of  snout  .'5.4;  iMJsterior  Inmler  of  orhit  in  mitldle  of 
length  of  head;  preoi>i»rcle  not  i»ro«lueed  at  angle;  |M»st»»rior  margin  vertical  and  convex. 

M<Mith  hut  little  overpassiMl  hy  snout,  the  axial  projection  of  whii-h  \\(yk'ii  not  exceed  one-half 
diameter  of  pupil;  motith  nearly  horizontal,  <'omi>aratively  short,  the  maxillary  not  |Hissing  vertical 
fn»m  middle  of  orhit;  width  of  mouth  at  angle  slightly  exceeding  length  of  eleft;  mandihular  l)arl)el 
sliort,  four-fifths  <liamt*tt'r  of  ptipil;  tet*th  slender,  in  UHnlerate  villiform  or  cardiform  l>and8  in  each 
jaw,  handH  taiK'ring  laterally,  hut  not  t«>  a  hingle  series;  outer  tiH'th  not  at  all  eidargtMl.  (till-ojiening 
wide,  mend>ranes  anteriorly  unitiMl  with  isthnnis,  appan»ntly  without  fret?  fold  along  jxisterior  nianarin. 
Anteriorgill-slit  <*oiitracte<l  to  little  more  than  a  pore  just  1h»1ow  angle  of  areh,  its  length  less  than  half 
diameter  of  pui»il.     Posterior  gill-slit  half  diameter  of  eye.     PsiMidohram^hije  wantinir. 
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Firstdonml  intwrUKl  well  >ieliinil  (itM-tumlx  and  vcntralf,  wliivh  an  in  the  Mune  vertical;  aei»uil 
epine  Htron^.  nioMtly  Rtiiooth,  with  a  very  few  distant  and  very  weuk  Hjiiniiles  distally.  Thefle  are 
Biaireely  pi'r«j|itilile  even  under  tlic  lenw.  Un  ti)i  is  iiniduwl  inti)  a  clfinder  lilanieni,  wliioh  projei^tM 
lieyond  lirxi  l)ranche<l  ray  for  half  the  iciiKth  iif  latter;  length  of  Miiiiie  very  Hliglitly  exueeda  len)(th  ot 
head;  twiimd  dorHat  very  low  and  indistinct  aiittTiorly,  wlicn'  the  nhort  ruvH  are  I'tilirely  dieconnei'ted 
and  Uc  titnittalfl  lieiieath  llx^  walei';  they  wt-re  detit'tctl  ii»  far  forwanl  us  a  jiciiiit  iHetaiit  fmin  the  lirst 
durxal  half  the  leiiirth  of  liawe  <if  latter;  liy  digMei'tioii,  they  emild  prolialily  l)e  traced  Htill  lartlier 
forward;  anal  tiri^iii  Im'J'iw  nri^iii  of  Ht'cond  dorsal,  ii8  ii1>i>ve  dewrilieil;  iinal  oiifiiin);  inimeiliatety  in 
front  ni  lirat  ray;  veiitralw  wide,  willi  roiinilisl  jiostericir  iiiar|nn,  outer  ray  eleiidfT  and  filauieiitouH, 
reaching  vent,  itn  Itniftli  liiilf  that  of  heiul;  iMH.'toral:'  hn^d,  ruauliint;  vertical  fmm  tlie  anal  nrittin,  their 
length  thre<'-fiftl.^<  that  of  head. 

Scales  on  IhkIv  lar^e,  with  liuineninti  very  luinule  FijiineH  arran^^-d  in  t:t  to  IT  suliimraltel  xcrieii; 
acalefl  on  opercle^  mniilHr,  lint  on  tint  lo|i  and  Hides  nf  lieail  Krtnlly  reducfl  in  fixe,  the  i<]>ine!<  lonfntr 
and  with  liiw  definite  urrHiiKeiiient.  The  nakiil  ari'a  indndes  the  Kill-iiieiidirane!',  a  iiarriiw  strip 
alon^  liiwer  piirliiin  of  intemjH'ri'le,  all  of  niandilile  except  a  narrow  liand  of  wales  along  miildle  of 
tta  proximal  portion,  and  a  narrow  Htrip  alontc  lower  inHr^in  of  fidiorhital. 


('rilor  a  uiiii'inn  li)clit  grayish,  ]in>l>al 
marni".  and,  to(relher  h  ith  tin-  rion^al.  Ihti 
and  ii|ien-ular  niemhrane  wi^ni  to  have 
purplish. 

~  y  triHn  the  ty|ie:'lieciinen. 


llM'lv 


.■Ut.V 


n  the  foUowinjf  tiihle 


iM  frori 


xjKisure  of  fipeiinirn  to  hglit:  anal  with  liWk 
ilai-k  |i(»"teriorly.  Tile  [lei'torafi',  the  venlrali*, 
in  life;  luecal  cavity  light,  gill  cavity  dark 


'iU-indm-hneran<l  IK'Klerlein,  hnt  the 

ri'lMrdinir  the  two  a«  identical. 


Wlrlltiof  hi^ail  I.kX. 

iivalt-H  wilh  13  lo  i;  n>Jliiil<'H|>iii'Hi!i  ri<]KV>^ 

Vi'nl  ili>(Hn(  fimnnHiut  l.il  litni'n  li-iiKIli  iil  henil. 

BkMl  poftiiin  ol  nenniil  dinml  iniliie  HiiiHilh. 

Nikiil  anra  ul  hiiul  IncliuUng;  llii^  nil  bill  iniilinn  HlrJii  i> 

maiullbli'.  lunrur  halt  utlntUTDperFlc.  ■nil  Iuwit  marKt"  <' 

suborbital. 


F,(,-,  ((.liPHa-sa 
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98.  CoryphBnoidoB  margui&tuB  StfinilHchncr  A  Ik'Hltrlcin. 
i:Hg,,h.nuMiT  umnjimilii'  SIi'IikIhi-Iiikt  &  IKalrrli'lii,  Pta-hr  .InimiK,  iv. 
ThJH  MiJHi'ii-s,   I'viilfiitly   i-Iom-   t>i  ' '„nipli:riiiiiilti-  >i>r.-r,  is   k 


7:  Tr-liyi., 

!•>  UH  iinl)'  from  the  oriiiiaal 


( .Iftir 


..-.l.l 


94.  CorTphnnoidea  granuaui  .Innlan  A  ChIIhtI,  iii>w  nini'u-h. 

TV]*-  Nil.  TiOII-'Ct,  V.  S.  N'.  M..  Zn  tiiiii.  Imij;.  lukcn  iit  xlHlirm  'Mm.  Sutnuni  Hav,  Cotvtw  No.  8iM8, 
L.  S.  .ir.  I'liiv.  MiwHKi, 

Fin^  •tonwl  ii,  10:  vi'iilntii'  k;  initKralx  :.1)  'ir  L'l;  .~i  »<~a\iv  1<ftW(fn  lati-nl  line  un<l  i>ri|iia  of 
siH-oiul  <l<in>ul.     lEcail  .'>..'>  in  total  Icii;!l1i  ( liiil  it  liltlt-  iiijiini)  i:  il>'|>tli  1)..^ 

E<i«<LanrUMHly(Niiii|in'tM-iljMtt'nirl>ilHUn'ntrnnsvi-rw-lyuM>ll<>nKiln'liiiHlly('onvex,  ii(it(lp)tK«ee(l. 
CliwkB  vertiml;  inilK>r)iit:il  arcii  [<lijtlitly  tniiiiil,  uitlmiil  •li'liiiite  riiljs-,     SniMit  Ktiiirt,  (lc|>n>f»nl,  its 

Hiitoro-lulfml  ]>nif1li-!i,  h<i-ii  fmiii  iiIkivi'.  iiiii-lhiie  ti>  fun Icliiiiti'.  fliiclilly  iilitiiH-  aii>tli-  at  lip;  lowor 

■HitliTii-  <if  Diiriiit  very  iitili'iiU',  its  li'iijrtli  r<iiir-«>vi'nlli)i  lli<-  iii'iiliir  cliiimi'tiT.  uxiat  iimjiitimi  of  iinout 
imi'-thini  <Hi]1ar  •litirii'tiT.  I.<'ii^'t)i  <>r  fiicmt  ;!.S  jii  ln'j.i;  linik'Uiiiliiitil  dkrtx'lcr  nl  orliit  A.'^;  inter- 
•irbit«l.M'idtli  ;i.i>.     Miilillcut  tniuili  <if  lica<l  niiilway  Ih'Ihii'ii  |H>stt>ri>ir  oltn-iit  i>r1iit  an>l  pupil.    Mouth 


ni1t<  tiKKli-ivtr  llil<:rHl  .Mt.  Hi.'  iii:iNi)liiry 
.-l^i'  ..f  orbit,  ilH  l.'i».tli  l>.'.>.'i  ill  liiii'l.  I>r>'iiiaxiliurv  t 
Hli^ilitiv  .-nlur;;!'!!.  Miiri.lil.iiUr  l.vti>  lik<-  itiii.-r  pn'ti 
bill  iiol  lit|H-niiK  Uil<-n>l1y  to  ii  HUirli'  »«'ri<-s;  uU  tli.-  U 
ti(ti.-H  ill  hiwi;  i.m,j,i.r<'iilnr  aiit:li'i<  litll..  |.r.i.!m><i!,  j-BitiTi. 
l)ill-lii>'ililii'UiJ>'H  joini-I  uiitiTioi'lyiiiKl  luliiiil.'  lo  i^ithriiiiH,  tlii>ir 
);i1l->'lffl  nitlHT  wi<U-,  <'niiiai[ii-<l  -!.:::(  in  Ini^lii  <>r  ht-ad.  S. 
liiiiiiioiiliiiis.  it"  li-iijrlh  l.:t:l  in  lit>i«l;  x|iiiiiilii<  vitv  hiiiuH  mid  ii 


livaiiii'  of  |>iiiitt>rii>r 
null-,  in  a  lir-unl  kiiiil.  oiilcr  M-ricM 
Iti'lli,  in  H  miii'li  iiiirroHcr  ImriI, 
i>n-sliii|K-<l.  h'ti^'tli  lit  UrU'l  Xm 
iiiui^iii  o1iIii|iii-.  i'1i):liliy  im'im-tN). 
isli-rior  iiiinviii  iiurrci»ly  fret-.  ()nl«r 
iiiil  iloi^al  sjiiiir  Hit-iiilcr,  wrak,  not 
'niii!<,  u|>jiri't<i<(il,  diiially  ilfV^lnjictl 


i>of  lirvt  iloryal  forkiil;  miiiiiil  iIotniI  vt-ry  low, 
'  dnrsiil  '2  111  !*,'>  tiiiii'!!  }iarv  i<t  Ilr<l:  tiritiiii  of  aiinl  uiiiUt 
lu»t  niyx  <.[  fir>l  ilorxiil.  ilH  ilixtinii'i'  from  Uisc  of  iniililli-  voiitr.tl  niyx  <-<|ti:iliiiK  )<'i».'tli  of  xniiiit.  The 
*-fiil  iH'ciipii'H  i<  «■lll.■l^■l'^'  ■l.-priwioii  lH>l»-(.t.-ii  unit  iM-liinil  Iuwm  of  inner  vi>ntriil  niyf.  Tin-  outer 
vriilnil  riiy  .i.'V.>lo,w  n  phorl  liliin».nt  ut  lip  *hi.-h  n-u.-lu-M  Ikiw  of  (iflli  amil  ray,  it;-  Iciit'tli  2.^  in  h**!- 
I'clonil  ..1111:11  t.i  li'nu-lti  of  snout  oml  t-yv.  SiiiU-s  rilliiT  liiivf,  uillifrfnl.  tlni«'  on  tnl.i.ll.'  ■■!  aides 
Willi  :mi  to4ilcliorl.  Iriaiiniiliir,  ii[>i>rcNiiil  pri.-kloi  arntn'.'iil  iininiiinciully,  fonifwliiit  niiiiii-d  in  wa* 
on  snoiil,  •ni'ipnl.  und  iia|i<',  (111-  spliim  lint  iiwntially  nioilitl.il;  the  xi-iily  uniio  ini'ludi'  top  and  xides 
of  lii'iiil.  cntin'  Hioiii.  HiiUirl.itai  rtvioii.  iiiiil  inuiiditilcc;  no  nakiil  pit  uii  bn-ai'l,  ur  U'tUM-n  \iejiai  at 
v.>nlrBl  (in^,  in  mlvani-c  of  amw. 
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Color,  light  greyish  or  bmwniah  above,  silvery  on  nii.idle  iif  ciiies:  mandibles,  branchial,  anil  inilar 
iiieinhrane^,  breofl,  iin<l  belly,  and  an  area  along  anterior  portion  ii[  anul  black  or  blue-black;  gillar 
membrane  CI lan^ly  vermiciilat*Hl  with  brxwn;  upper  lip  black;  mouth  cavity  lighl,  except  thee:(trcnie 
porterior  part  of  n<oC,  which  Ih  blai'k;  gill  cavity  black;  lower  ixirtion  of  iihoulder  girdle  aixl  istbmii!< 
tfilvery;  hyoid  anOi  light,  the  iiarMW  |>r«l(>rior  margin  of  gill  and  njteri-ular  membranes  wliite:  ventral 
portion  of  lining  of  abdominal  cavity  bri^iht  filvery;  axil  of  (Ns'torali*  black;  fins  durky. 

This  e|>ecieH  iw  closely  allieii  t"  lhrii/Ji,rii',iile«  rlniimieln^,  from  Ibo  Ua\ 
the  much  i<nialler  outer  preniaxillary  tivlh.  which  arc  warcely  onlari^  in 
lion  of  scalec,  an  well  an  in  many  small  ili-tails. 

(Nameil  for  Samuel  (iarman.  ] 

From  lotion  ;Mi!i.),  Sagaiiii  Iliiy.  I  III  t<i  2.i!i  fallioruH;  «Ution  ;«)1i7.  Sat»[i 
station  mm,  Sagami  Itay.  ^'^^  fathoms:  station  37:17,  Snmga  Bay.  Ifl  to  lli7 
96.  CorTphsenoides  misokius  Jontaii  &  (iilU'ri.  new  BiiecieH. 

Type  .'MO  mm.  long,  from  Mixaki;  collectors,  Jonlau  A  Snyder:  No.  S107  l„  S.  Jr.  Univ. 

Firrt  dorsal  ir,  11  (ri,  10  to  11,  12l;  venlrals  S;  iKvtoral's  21  I'lH  lo  21);  10  scales  in  a  vertical 
series  U-tween  lalerat  line  and  origin  of  se<'ond  dorsal:  head  5  in  total  length  (tail  slightly  injured); 
depth  6.5. 


1  I.ilamls,  differing  in 
1  in  spina- 


5  lathoinH; 


nlun  ii  Uttiirn.  iil-w  spei'it-^. 

In  form  iiiid  m-ncnii  ii|i|iear»nci>.  including  the  cliaraHer  of  the  m-^W-i^  and  lateral  line,  and  the 
|in*cuce  of  a  vi'iilral  pil,  this  H]«i'ii's  slmiigly  reM^mlilcs  .U'l/'uvHf/iA'i/tiJ"  hriK  aivl  h'iv"iiei"<ii',  to  which 
it  may  have  ival  aHinily.  notwithstanding  the  plnrjserial  dentition  an<l  the  (>errate<l  dorsal  spine. 

Head  iirtupresseil,  «ith  sul>vi-rtii'al  cb«'ks;  creatH  very  thiti  and  paiiery,  but  membranes  thick; 
top  of  lu-ad  convex  in  all  clirectioni";  ftioiit  short  and  high,  its  lower  anterior  protil«  very  oblique,  the 
distance  lietween  ils  tip  iiiid  the  preuiaxillaricM  one-fourth  length  of  bead.  Width  of  the  verj-  convex 
interorbilal  fiKii-e  i."  '^Att  in  the  beiul;  longitudinal  diameter  of  orbit  2.77;  vertical  diameter  !t.  5;  length 
of  snout /t.25;  greatest  width  of  snont  L'.75,  The  miiMteof  length  of  heail  falls  slightly  liehind  posterior 
eilge  of  pu|iil. 

Mouth  rather  wicle,  with  lateral  clcfl,  but  liltic  overjasw-d  laterally  by  the  sulurbitals,  which 
have  a  very  low  ridge.  The  maxillary  n 'ac lies  ii  vertical  from  a  (mint  lietwi.-en  [H>sterior  margin  of  orbit 
and  pupil,  its  length  2,.t:i  in  lienii.  The  wioiit  projects  axialty  l)eyond  the  preniaxillaries  lor  a 
distance  e<|ualing  two-lliiril.-  diameter  of  orbit;  preniaxillary  teeth  in  a  very  narrow  liand,  not  more 
than  three  or  f-mr  tiN.-lh  « ide.  taiKTing  laterally  to  aUint  2  series;  outer  series  slightly  enlargeil  ante- 
riorly; manilibular  teeth  in  a  viTy  narrow  i>and  or  irregular  double  serien,  tho»<e  of  inner  eeriea 
enlarm-<l  alwut  as  much  as  outer  premaxillary  li-etb.  Barliel  short,  Bbi>nl  i)ne-fourth  «erti(al  diam- 
eter ol  eye.     Preopercular  arnjle  much  priHluced,  iioslerior  preopercular  edge  verj-  ohliiiue,  incurved. 
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The  ))rHnclii(>Hte}ral  inembraiieH  fnnii  h  wi<Ie  frtn;  ff>l<i  m'rr)c<H  iHthiinu*.  Outer  >;ill-plit  wide,  about 
two-tliinlH  of  orbitiil  diameter.  Pwuilobranehije  pre^HJiit,  very  nhort.  Orij»in8  of  Hrst  dorsal,  pec- 
•torals  aii<l  ventralH  in  the  same  verti<*al;  wn^nid  dorsal  Ppine  liiiely  nernilate  thn>ii);hout^  except 
for  a  very  short  <li8tan(n'  at  lyami  aiid  tip;  tip  not  tilamentouH  an<i  fails  to  n.'ach  ori>rin  of  second 
d(»rHal;  len^^th  of  spine  (>ontaim*<l  1.4  in  the  lu^ad;  interval  lK*tween  dorsals  contains  leni^h  of 
iHise  of  first  dorsal  2  to  2.^1'$  times;  siHron<l  dorsal  is  very  low  and  inronspiruous  thn»u^hout;  anal 
rather  hij;h,  its  origin  under  last  rays  of  first  dorsal;  vent  well  forward,  lietween  l^sal  portions 
of  inner  ventral  rays,  sei>arate<l  by  a  luuid  of  strales  from  a  round,  s(*aleleHS  depression,  which 
lies  iH'tween  nuddle  of  bases  of  ventral  fins;  flistanee  fr»>ni  anal  origin  to  Imse  of  outer  ventral 
ray  containeil  8.25  times  in  head;  outer  ventral  ray  not  pr<Mluee<l,  2.«  in  head;  i)eirtoral  1.5. 
Si-ale  small,  very  nmgh  an<l  adherent,  higher  than  wide,  covered  with  numerous  rather  long,  thick-set 
spini^s  arranged  quincuncially;  spines  on  head  much  shorter;  Si'aliw  covering  maf>nns  of  shoulder 
ginlle  {K'rfectiy  smooth;  entin;  snout,  sul>orbitals,  and  mandibles  s<>aled,  the  latter  with  several  series; 
latend  line  very  conspicuous,  rising  anteriorly  in  a  weak,  convex  curve. 

(Jenenil  color  dark  brownish,  breast,  IxOly,  and  lower  side  of  head  blue-black;  o{)ercle8and  fMietcrior 
{lart  of  cheeks  <lusky;  fins  all  dusky,  a  black  line  along  liase  of  anterior  iK>rti(»n  of  anal  tin;  liasal 
{N>rti(»n  of  ]MH'torals  and  axil  black.  Mouth  whitish  or  yellowish  anteriorly,  {»ost4'ri<»r  {H)rti(m  of  roof 
and  the  branchial  arches  black;  lining  of  ant^'rior  outer  |H)rtion  of  gill  cavity  whitish,  {M>sterior  fK>rtion 
of  gill  membranes  black;  lining  of  shoulder  ginlle  dark  brown.     Peritoneum  <lusky. 

The  siKH'im(^ns,  nine  in  innnln'r,  are  all  fn>m  Sagami  liay,  m^r  Misaki,  taken  on  long  lines  by 
Kuma  A<»ki;  two  dnMlginl  by  the  AlftatnmM  at  station  .'Wl>5,  Sagami  Hay. 

{Mimki,  rtnl  ]»oint,  a  headland  at  the  mouth  of  the  Imy  of  Sagami,  famous  for  ziKilogical  work.) 

HTMENOCEPHALUS  Oiglioli. 

I [ifim n*Mf  jtltafuji  (iiKUnW,  Vvhuum,  (friKm.  '/JS,  18S4  {italirmt). 
.yfi/i-tnronunn'iii'iulhiiT,  Drop  Soa  KishoM,  ChalltaiKer,  1MM7,  \k  121  {lontfihurbin).  • 

This  genus  is  closely  allitKl  to  ('orijphiviioides,  differing  in  the  smooth  dorsal  spine  and  membrana- 
ceous skull.  First  dorsal  bn«id,  place<l  far  forward  over  Imse  of  jH»irtoral;  st»cond  dorsal  and  anai 
origins  nearly  opi>osite,  and  si»parate<l  by  a  considerable  sj)a<.*e  fnmi  the  vertical  from  end  of  first 
•lorsal;  vent  far  from  ventrals.  Head  largos  nakwi,  soft,  and  cavernous;  snout  abrupt,  |x^rpendicular, 
(»r  i)aralK)lic;  mouth  lateml,  wide.  P3ye  very  large,  orbital  margin  forming  part  of  profile  of  head. 
Barl>el  long.  I*i»ctoral  rather  narrow  (10  U)  Iti  rays).  St-ales  thin,  ileciduous,  with  fine,  short  spines. 
Tnder  part**  in  advance  of  ventral  wh<»lly  or  i>artly  nakinl.  Small  fishes,  remarkable  for  the  i>a|)ery 
structure  of  the  l)ones  of  the  head.     (^//?/k,  mend)rane;  KfifHtXt)^  head.) 

a.  BarlK'l  small  nn<l  sh'iidor,  but  evident. 

/».  Ileiul .').;«  in  h-nj^th:  depth  7.2.');  hUWh  of  isthmuM  Htriate xtriutittsitHHM,  96 

W».  Head  «*.  in  h'Hjrtlr.  depth  7..');  dopod  spine  slender,  not  lilanientonM /H(/ii/m/rfiii,  97 

an.  Barbel  ol)«olete:  head  5.1  in  length;  de[>th  x;  dorsal  spine  slender Itlhonemw!,  98 

06.  Hymenocephalus  striatissinius  Jordan  tk  (iiUnTt,  nc^w  species. 

TyiK'  108  nun.  long,  from  station  :^7IJ8,  Suruga  Bay;  depth,  1«)7  fathoms.     No.  oO^KM,  T.  S.  Nat.  Mus. 

This  siH'cies  seems  most  nearly  related  to  //.  lomjihtrhtH  (Jiinther,  from  the  vicinity  of  the  Fiji 
Islands,  having  a  w(»ll-develoj>ed  barU*!,  cmly  K  ventral  rays,  and  8  soft  <lorsal  rays,  as  in  that 
siH'cies.  It  differs  from  hnnjlfntrhls  iu  its  shorter,  higher  head  and  blunter  snout,  in  its  much  wider 
interorbital  space,  wi<ler  dentate  preo]»erculum,  and  shorter  barlK^l.  The  pair  of  len.<>-like  siK>ts  on 
mid-vcntnd  line  aii<l  the  minute  striation  of  si<les  of  isthmus  are  not  descrilKMl  in  hn'rH*nvbti<,  but  are 
probably  present  as  in  all  other  .<]>ecies  of  the  gemis. 

First  dorsal  ii,  8  to  ii,  10;  ventral  8;  head  o.S;^  in  total;  depth  7.25;  branch iostegals  7,  the 
fourth  much  widened  toward  base. 

In  form  m(»st  closi'iy  resiMnbling  //.  antnrus,  from  the  Hawaiian  Islands.  Head  large,  sulMiuadrate 
in  cross  section,  the  short,  bluntly  roimded  snout  not  ending  in  a  sharp  iM)int  and  n()t  ]>rotniding 
lK»yon<l  the  premaxillaries;  (►rbital  rims  greatly  exj>anded,  the  miHlian  rostral  ridge  not  greatly  pro- 
je<*ting  alK)ve  general  level  of  interorbital  si>ace.  As  in  other  sjK'cies  the  cri»sts  are  all  thin  an<l  i>aj)ery 
and  the  membranes  roofing  the  canals  extremely  delicate  and  easily  ruptured.  Eye  large,  circ»ular  as 
in  antnniSf  its  iliameter  two-lifths  the  length  of  hea^l;  inten>rbital  width  one-third  of  head;  length  of 
snmit  4.1.    The  middle  of  length  of  head  lies  immediately  in  front  of  hinder  margin  of  pupil. 
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Mouih  wulc,  obligur,  the  tiiaxillary  rvM-hiu^r  a  vertical  whii'h  inlersecte  the  orbit  nearer  to  hinder 
Qiaricin  of  eyi-tlian  to  pQpil,  it^  leni^h  1.8  in  hea>l.  Tet'lh  minute,  all  mmilar,  in  narrow  liancli'  in  liolh 
jawii;  liarU;!  clemler,  Auiilarly  dcvelopetl  in  the  type  anil  Ilic  two  eotyi*s,  lis  length  half  liiaineter  of 
orliit.  l*reu)ier<'le  of  moderate  width,  the  latter  equaling  one-tliinl  n{  orbital  diameter;  pre>i|>ervular 
maiyin  crinate,  the  niarpn  fllmvc  an;>le  obliijue  and  p-ntly  incur*-e<l.  (iill  memhTBnei>  forming  a  trve 
the  Lilhmuii,  to  which  they  are  Dot  joined;  i>i]t(>r  trill-i<lits  wide,  the  onter  arch  free  from  ile 
Ink  alxnit  one-third  the  len^h  of  head.  No  psendobrsncliiii'  can  be 
if  the  ileep  Hiiprabranchial  pit  so  coii:'iiieiion!<  in  ItnihtiijniUti:  (iill- 
'tiiLs  tlioc<«  on  inner  an-he:^  short,  compiVN^-*!,  inoval>1c.  iitronfcly 
^  on  seo»n<1  an-h.  The  length  (if  the  ttiiiJ  i-an  not  lie  t.'ivcii.  a^  they 
The  iiri;:in  ••{  the  !«^'ond  dorsal  lin  i«n  not  U-  itiai]e  ont  with  cer- 
I'ri.ni  till-  first  dorsal  l.-'i  to  ■_' limes  the  l>a*e  "f  latter.  The  vertir«l 
■V  liehind  lirst  dorsil  i><|ual  to  lialf  iti*  Iwpe  length. 
portion  of  liot'k,  gilverr  on  lower  jtart  o[  eidec.     .\ 

hilish 


angle  forwanl  for  a  distant 
det«t.-d,  nor  U  thtre  any 
niken<  flniilar  tin 


insh..al  t 
Spinous  on  inner  nuirtfJiLS  I 
an- injured  in  all  our  eiiei'iti 
tainty,  but  appears  to  Ije  distant   I'ri.in  tl 
from  origin  of  anal  inierseets  the  haek  at 
Color  light  liniwniiih,  <larker  along 
pilvery  streak  aloiiti  up{ier  half  of  suborbital,  a  lilack  str\-ak  oivupying  lower  half  and  strongi; 
liaiMintc.    Comer  of  mouth  whltisli.  [ircinaxillaric^  black,  niandibie  lar^ly  blark  but  with  a 


line  following  llif  1i]>:  moM  Icinsluivnt;  iiisiilc  of  mouth  lihinin);  with  ineiallic  luster:  posterior  (Hir- 
lion  of  bu<->rul  I'iivity  l.la.  k;  ^-ill  .'avity  larv-'ly  wliLli--h,  gill  n.einbrams  ami  a  blotch  on  o[>«-rele  bla.-k. 
.Ki  in  oIIht  Pi*,ii.s.  the  bniL-^t  an.l  U-lly  are  |.ur|ilish,  si.li-s  ..f  isthnuis  and  an  ar>-a  eMending  theniv 
to  aliove  an<l  liehind  the  ventral  tins  silvery,  Tmely  cro»'  linol  with  black  or  purple,  this  pattern 
scanvly  to  Ih-  niaile  out  without  thf  aid  of  a  lens.  In  the  jm-senl  sjiei'ics  this  striate<l  ar^a  extends 
along  siiles  of  aNIomen  two-thinls  of  distan<-e  to  vent. 

This  s)iecies  is  dLstin>.i)iph(-d  from  uU  others  liy  the  extension  of  the  strialeil  area  a<-rn»i  the 

isth s  and  anterior  )iart  of  Ihe  bn^."!.  and  liy  an  extension  downward  in  front  ■>[  each  of  the  venlrsi 

fins,  fiimiing  a  [air  of  mTisiiieuous  silvery  >|iot.s,  iin  whieb  the  fini'  lines  an-  more  irri-jnilarly  dis- 
|wc*<l.  In  this  species  alone,  the  l>a.s<'  of  each  ventral  is  wholly  "urroundiii  by  the  plriatc"!  area.  The 
gnlar  mendirane  is  croHieil  bv  two  serii-s  of  lines,  one  iiuirser  ami  p:ira1let,  the  other  exlrenii'lv  line 

and  lir. hinit.     The  gill  lueEi'ibnines  an-  whitish  on  their  outer  fa<v,  the  rays  black.     IWe  of  ventrals 

blai'k  Hod  very  I'on.-^picuoiLs.  .\  lenxdike  ImmIv  on  mid.llv  of  breast,  and  one  in  a.lvanee  <if  the  anus, 
t.-aeb  surr..un.l<il  by  a  hla.k  riu^'.  which  in  the  )H>sterior  one  includes  the  anal  u|M'nlni.'. 

TIm-e  s[«-.inicns  s.-.-un-l.  all  fn.n,  Suniu-a  Itiy.  .In-ilfi-l  by  the  AV.ilnM  at  station  :!7:W  in  l«7 
fathoni-s,  and  >lalion  :I7-.'1  in  L-oT  to  :;.'*  fatli..iiis.     A  n.lyjB-  is  No.  S.=vl9.  I-  S..  Jr.  V. 
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97.  H7in«noc«phalua  papyraceus  Jordan  &  liillx'rt,  iii'W  H|M.t'i(«. 

Ty|>tt  147  mm,  Ioqk,  fnini  HUtiitn  :«H>T,  iti  I'agniiil  Itay,  ilf-plli  120  M  air>  fatlRiiuH;  No.  nOStSS,  U.  8. 
Nat.  Miw. 

Differing  froni  7/.  iHUiinemi"  anil  from  all  tlie  Hawaiian  HiKH'ieH  in  havinit  a  ilirtini-t  inaiiilibnlu 
liarliel.     It  aiw> <lilft-re mrikinKly  in  tlio  mitili  mniv  n'tnixt  li«irl  aiiil  Ixjily. 

KiivtilcrMl  11,9;  veiilral  II;  l.i-u.l  «  in  total  length;  lU-i.lli  T-ft:  branoliicwtefwUt,  (. 

B"Mly  heavy  anteriorly,  tajierJhK  very  rapiilly  lieliinil  lirst  iliinwl;  lu'ail  very  liceji,  with  a  high, 
iiuNliaii  I'Hvt,  H'hicli  ext(^n<lH  well  aliuve  ii|i|M'r  line  nEorbilH;  ehefkii  vertical,  HuliurliitalH  hardly  at  all 
pwolU'ii;  i'n>:'ts  •m  lieail  very  liiKh,  thin,  ami  |>a|H^ry,  briiltnil  <iver  liy  exfvmively  delitnle  inenibnne; 
interorliilal  width  2.li  in  heaii:  lonKitmlinal  iliatiieler  of  xrhit  4;  lenjilh  oE  Kiiout  3.4;  iniililk  of 
li>i)tfth  of  liiiul  iM'twi-eii  hiiiiler  eiim- of  orliit  aii<l  impil;  wionl  niawivc,  wide,  am)  hlinitly  rouniled. 
with  a  very  xhorl  projeitin^'  jHiint  at  tip,  whii'ti  extendi  U-yond  }irt-niaxilliirie)i  a  iliittuniit  tem than 
halldiunietiTof  piifil. 

Month  obliijue,  iiwirly  li-nninal,  widi>,  the  niaxillary  rinehinK  a  ver1i(^l  fniin  hindi^r  marfpn  of 
|iU|iil:  itH  lentcth  1.!>  in  (hat  of  heml;  li'4'th  niinnt4>,  it|nat,  in  tmrniw  iMudH  in  Uilh  jawB,  the  niaiidib- 
iilar   IruiiI   (lie   narrower;   luirlH-l   Hliorl,  Init  evldeiil.   Ii-hh  iIihii  hulf  iliumuler  of  jiutiil;  pn^ipcmle 


jp^atiy  widpneil;  itc  width  an  ansln  (wii-iiiiiUiH  thiil  of  luad:  ili'  [iLaorni  i-oiinH'ly  ervnate  or  dentate; 
([ill  nieuiliruniv  widely  joineil  anteriorly  tnv  from  iHthiiins;  fin-t  don«il  ii]>int'  very  plcniler  and  i>miK)th, 
a|>|iarently  not  lilanientmiN;  the  inb-rval  Ix'twei-n  domulx  iijiialH  twiiv>  the  leiiiflhol  liawof  lirnt;  origin 
of  anal  IH  liehiiid  vertiral  fnitn  ndddle  of  inlerKpaee,  itunie<liutely  }inH-eile<l  liy  anal  o|ienin|!;  out«r 
venlntl  ray  Imrely  reueliiw  oriiiiii  of  unal:  itn  leiiirtli  !.'>  in  li<-uil.  N'oxcaleHari'  iiresiTviKl.  Fnini  the 
WW  of  the  (wal«  ix"ii-hei<  there  tiini't  lui\c  Imvii  two  or  three  m-ali-w  U^twei'n  the  middle  of  sidt*  and 
orifciti  of  w>eond  dorhal. 

C'olor  hrowiiii<h  anteriorly  i>n  dofwil  rt^ion,  jiosterit'rly  iHiiiiiiinn  lijiht  (tray,  veryiiianvly  cpcekeil 
with  blacli:  eonier  of  month  whiliHli,  mouth  otlKTwiw-  hlaik;  liiiival  cavity  xhiiiinK  Htlvery,  with  a 
liUu'k  eroi«i  ftri'iik  U'hind  preniux  illy  Hen  and  a  Iim;^tiic1inid  Min'uk  in  frunl  of  loni;ne;  |HMlerior  ]>arl  of 
hnecal  eavily  l>lark;  lining  of  i^\i  niver  initeriorly  whlllxh,  |H)sleriorly  hia.k:  Kular  iiii'iiihrane  and 
)>ideH  of  ifthniiu',  iii<-iiidin)c  area  alHivc  and  iH'lilnd  lian'of  veiilnils.  Hilvi-ry,  linely  t^lrtiiti-'l  i\  itli  ]ii]r|>lir<h 
hlaek,  art  in  other  F<|Ht'ieM;  hreast  and  alHJomen  iinrpliKh  hlacii.  .\  miinitc  lens-like  IhkIv  .>ji  niiddle  o( 
lin'aHt  and  one  inmuiliately  liefore  the  vent,  Ihe  Iwo  eunneeteil  by  a  bliuk  lint  alonj;  niinliaii  line  of 

One  I'lHvimen  olitainiil  in  Sotiaini  Itay- 
(ifitirtVus,  |>ai.er.) 
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S8.  Hymenocephalus  lethonemua  Jurdan  &  Gilbert,  new  H|iede>>. 

Type  142  iiirn.  lung,  from  elation  :tti97,  in  Kagaiui  Buy,  Japau,  depth  120  to  2&^  fathoiii!';  Ko.  nOH36, 
U.  S.  Nat.  yUb'.  Oloeely  allieil  to  It.  milr^eat  and  H.  glri'ituJui  from  vicinity  of  the  Elawsiian  Iflandw, 
Imt  well  iliBtiii)CuiKh<?l  from  other  npeciea  by  propurtiouri  and  number  of  ventral  ravi'.  First  ilort^tl  ii, 
10  or  II,  11;  ventralH  II.     Hmil  o.4  in  total  length;  depth  H.     BianchiuHtegals  7. 

Bo<ly  very  r^lender.  tapering  lo  a  very  lung  whip-like  tail.  Head  Milxiuailrali'  in  cruAi  :<eetion, 
iuterorbital  area  iieurly  flitt,  ifidat  of  head  vertiml;  ridges  on  top  and  siiU-s  of  heail  thin  ami  pajierv', 
the  laive  niiii-oiiifi'anals  roofed  over  by  delicate  trans|iarent  membrane;  orbital  rim  projei'tH  aim ve  anil 
behind  a:*  a  thin  metnbmne-like  ex[iannon;  meillan  i-re?t  iin  enoat  and  interorbitat  protrudw  but  little 
alM>ve  general  level;  i>nout  t^nninates  anteriorly  in  a  sharply  proJH;!!!!^  point,  similar  to  that  in  //. 
MnVi/u/iu,  but  ateDilerer  and  a  little  longer,  projeclliig  axially  U'yonil  the  month  for  n  distance  iili);htly 
lexH  tlian  half  orbital  diameter;  interurbilal  width  :).3-t  tinie)>  In  head;  longitiullnul  ilianieter  of  orbit, 
3;  lengtb  of  fnnnt,  3.5;  middle  of  length  of  hi'a>l  midway  between  hinder  matgin  of  orbit  and  pnpil; 
posterior  line  <if  o<ri|iut  iniilway  between  origin  of  ilorval  tin  and  anterior  edge  of  naiuil  fiisMi;  month 
large,  itfi  wiilth  nearly  eijual  to  greatest  width  of  heail,  the  maxillary  ntu-hirig  vertical  from  hinder 
niar)fin  of  orbit,  iln  length  1.H7  in  lliat  of  bead;  twlh  minute,  of  uniform 8ixe,  in  viTy  narrow  I Mnd"  in 
eiu-h  jaV,  the  luuidH  intemiple<l  iiiet'iully:  no  (rare  of  mandilHilar  liarliel. 


ilillxTi. 


Preopercle  dilateil  to  form  a  wide  membranuiL-^  ex|ianHon  at  ilii  angle,  the  greaUtit  width  of 
whii'h  18  lwu-tifth*i  Ibe  diameter  of  orbit,  the  margin  I'n'tmlate;  aliove  tlie  an^le  the  preoperrular 
mar^n  in  Htraipbl  and  slightly  ol)li<)tie;  oin-rcle  very  thin  and  flexible  and  ctrentrthened  by  two 
diverging  ridges,  tlie  one  directed  downwar>l  and  Iwckwanl  terminating  in  a  sharp  cnnceale-l  Bpine; 
gill  membranex  nnited  anteriorly,  forndng  a  wholly  free  fold  aerotv  ii^hliinf;  vertji-al  limb  oC  ouhir 
gill  an-h  wholly  ailnate,  the  horizontal  lindi  free  from  the  angle  forwanl  For  a  dielanee  eqaaliiig 
one-third  the  length  of  bead;  inner  M-rieH  of  gillrKken<  compreaieil,  movable,  their  inner  mar.'ins 
strongly  tipinoui<,  IS  on  horizontal  tinibof  feiiind  arch;  i<eeond  dorml  t>]>ine  i<len<lerand  weak,  entiri>]y 


Hmoulb,  itf  lip 
times  baiH'  of  lirst. 
its  middle;  Ibe  an 
bni<e  of  tenth  anal 
The  Hcalet<  ar 
unanned;  :i  or  4  u1>ov< 
be  deteited.     Tli 


Tbe 


rval  li 


een  the  itor^wU  i* 

'Riiiai'e  slightly  in  advanc.'  of 

rbe  typ-  reaching 


§econd  dorsal  flu. 


tinHi"  a  little  pnniiuiii  lieyond  i 
L  vertical  line  from  origin  of  anal 

:mme<lialely  preitilw  anal  tin;  ontcr  ventral  ray  lilarne 

',  ilt)  lenglh  e<|ualing  that  of  bead;  )>ectiiraL-<  slender,  I.Kt  in  hea<l. 

largely  lost  in  our  specimens;  one  from  the  middle  of  the  breart  IH  cycloid, 

lI  behind  insertion  of  pectoral  Iin  liear  a  few  weak  ^pineM,  with  diDicnIly  to 

apiarently  3  rows  of  scaleii  between  the  middle  of  the  tnilm  and  origin  of 
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Ah  in  other  H(H.M'ieH  t>f  the  •j:<*niii',  tliore  are  two  hiiihII  liMiH-likc^  IkmIU'h  tm  the  mid-ventral  line,  one 
iiiuiiediutely  in  fn»iit  of  anal  (>{H*nin^,  th(>  nther  on  nnddle  of  hn*&'«t. 

Color  li^rht-jsrayinh  or  brownish  al>ove,  nilvery  <in  lower  half  of  hIiIoh;  Hi<le»*  of  IhmIv  ami  tail  niarkinl 
by  nither  ctiarse  brown  si)e<*k»),  whieli  form  a  definite  line  alonj^r  niitldle  (»f  sides.  A  Htrip  along  baaen 
of  dorsjd  and  anal  tiiiH  w  devoid  of  H|HH'kH,  a  shar])  line  In^ween  thin  an<l  the  H^xttteii  an*a  often  niarkecl 
by  a  Hi»rie»'  of  iH)arser  ilots;  <lots  on  Hi«lt»s  of  tail  arran>re<l  |>artly  in  obliqne  line**  whieh  weni  to  corre- 
ftjKtnd  with  thos<^  si^jiarating:  the  niyotonien;  a  dark  vertel)ral  line  lH*tween  tlorsals  and  a  <lark  R|x>t  at 
\vi3Hv  of  each  my  of  second  <1orsal  and  anal.     The  first  dorsal  oe«*U]>ies  a  e(.ins])ienouH  eolorl(*iM  area  of  ^ 

the  liaek  whieh  is  margined  with  <lusky:  a  dark  bloteh  Indund  (Nri])nt;  tip  of  snont  faintly  dunky. 
rp]K'r  jaw  blaek  in  its  anterior  two-thinls,  the  lower  jaw  in  its  anterior  thinl;  iioHteri<»r  |H>rtionH  of 
both  jaws  white,  (inlar  nuMnbnine  silvery,  with  a  fine  network  of  dark  lini^s,  most  of  whieh  are  short 
and  tmnsverse,  arninj:e<l  in  a  ri^ht  and  a  left  st'rie.**,  tlmst*  of  eaeh  series  nnittnl  by  a  lengthwine  (x>iii- 
misHure.  lateral  (N)rtions  of  iathnins,  eoneealiKl  by  the^ill  flap,  brij|;ht  silvery,  en»}!»<<*d  by  tine  parallel 
hair  lines  of  brownish  ])ur])le.  This  striatinl  area  extends  baekwanl  al)ove  and  Udiind  1)ai<e  of  vent^ 
rals;  breast  and  l)elly  ]>urplish-blaek.  The  nK)f  nf  mouth  shines  with  a  silvery  luster.  Mouth  and 
jrill  cavity  lijfbt  in  (rolor,  n^ion  alxmt  entnince  Xi>  jrnlh*t  blaekish.  Peritoneum  silvery,  overlaid  with 
brown.     Fins  transhu-ent,  unmarkid. 

One  siKM'imen  was  found  in  the  Tokyo  Market  by  Jonian  iV:  Snyder;  the  others  wen'  dnNlfi;e<l  by 
the  AUniirosM  at  slation  'Mi^Jl.  Sapuni  Kay,  12t)  to  L>r>r>  fathoms,  and  station  .S707,  Sajrsmii  liay,  ti8  to  75 
fathoms. 

lAz/ioc,  for>;(>ttin^':  rfjtia,  tiin>ad.i 

9.  MACBOUBUS  Bloch. 

MarnniruM  HIik'Ii.  Irlilh.,  v.  I.VJ,  17h7  \nii/tytri>i-fi*i;ihi.f). 

}fiiiriirnjtliiM  I{lt'«-k<T,  Vcr>*l.  MmI.  Ak»nl.  W«'t.  Aiii'^trnl..  viii.  1h7I,  :a;y  ^ll*rrntll^l). 

}fnrr H nn'  iii'wWhvT.  Tiit..  IV.  '.iVl.  1><*V2\  «-€»rrt'<'t«'il  siwllinj:. 

Snout  broadly  conical,  hi^^h,  projecting'  lM*yond  month;  mouth  mcHlerate,  its  cleft  horizontal; 
U-sha|HHl,  entirely  inferior;  tet'th  in  lM»th  jaws  in  villilorm  Umds,  those  of  outer  series  not  enlarged, 
h(*a<l  with  roujzhened  iNiiiy  ridges,  one  of  which,  <in  the  snlN)rbital  and  prt*orbital,  is  more  or  leHH 
prondnent;  eyes  very  lar^re;  s<*ales  imbricate,  very  rou^rh,  ke<*l<Ml.  Dnrsal  spine  h>ng,  si»rrate<l  on  the 
anterii>r  etljn'.  Deep  watvr  fisht^s.  {jituKfjnc^  lonjr;  nvfu'i^  tail,  hence  <'orre<'tly  written  .Viicnirii*,  but 
Marrnuriiit  is  the  original  name  as  ;riv«Mi  by  It]rN*h. ) 

It.  Snout  ('(iiiinil.  (kVcrhniiKiiiK  tin*  iiutiith,  inurti  longer  than  i>\f-.  m-hIcn  nicli  with  ii  noniuu't  nia.ss  of  Kpiniilci*: 

I)  schU'S  iN'twri'ii  hitcnil  liix*  and  s]iinou>  dorstil:  dor-jil  s|iiric  and  tir^l  M-ntral  ray  lilainrntoiiv mt»HtU9,W 

nil.  Snout  short,  little  lonK«T  than  eye,  not  nnirh  ov«ThanKi>iK  ihr  niixith:  Tors  >^('ali-<.  aiNivr  latcntl  line;  iiirh 

M'alc  with  ■'»  ri«l»r»'N;  tlonuil  »ii»int'  ami  lirsl  vciilml  ray  imMliuM-d u^/Kr,  100 

00.  Macrourus  nasutus  (tMinthtr). 

ri,rf/ithiinnhltM  n'ittiitint(ii\ul\n'T.  Ann.  iV  Ma>r.  Nat.  Hi>»t..  \\,  I*»77.  |».  Ilu. 

.Unrriiiini  HiiMiitHn  (iiiixWuT.  lu-r\t  S«ii   I-Mj-Ih-^.  <"halliiis5i-r.  l^sT.  |».  l:;j.  i»l.  \\x,  tiu'.  B:  naith  oi   I'okyo  In  ;'itf)  fulhonin: 
otT  KniMhinni  in  Hla  fathoms. 

Short  snotit  with  a  tertninal  and  a  pair  of  lateral  spinous  tidHTcles;  mandibtilar  nuni  are  com- 
pletely invest«Ml  in  s«'ales;  intcnirbilal  width  sli«ilill\  cxciH'<li!i^  two-thirds  tin*  vertical  diameter  oi 
orbit,  which  is  ciintaintnl  l.lt:;  to  4.5  times  in  leii^rth  of  head.  The  first  dorsal  contains  10  niys,  the 
."H'cond  filamentous  and  well  >eri*a1e,  the  )K'ctoral  I'l  to  L':{,  and  the  ventnds  i)  (imt  10.  tis  stated  by 
(iiinther).  th«*  first  my  filamentous.  Sealcs  everywhere  enveriMl  with  rlos«*iy  packed  lon^r,  slender 
spines.  jM»sterior  spines  \\«'li  nveriappin^  maiirin  of  scale:  whiU*  n«»t  in  lonu'itudinal  rows,  these  Hpine»< 
an*  definitely  arnuijred  in  <|uincunx  ordiT,  as  can  Ih'  rea«lil\  hm'U  on  viewing  them   innn  different 

angles. 

The  alcoholic  sjKM-imens  an*  all  very  li^ht  olive-j^niy,  fins  blta*  i»r  blue  black:  li| is  black;  mouth, 
^ill-cavitv,  and  jK'ritoneum,  black;  operctiiar  tuembratu^  more  (»r  less  black. 

Kiflei'U  spei'imens,  eacii  alMiut  ir>  inches  lonj^,  were  dnnl^riHl  by  the  AUmtrosK  in  Sapnui  liay,  near 
Knoshima,  at  station  :Ui1M».  :>(il  to  TMM'athoms:  >'fatioi)  :»t>!K).  4<N)  to  7*J(>  fathoms:  station  :'>7 II,  ;VN)  to 

♦577  fathoms. 

Anntiier,  presented  by  Knma  .\«iki,  came  from  off  the  shnn*  of  Izu. 
{  Sni*iittif\  luiiL'  no>ed.) 
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100.  MacrouruB  asper  (Gunther). 


CiiryphstnoUlfif  (i*}t*-r  Gunther.  Ann.  &.  Mhk.  Nal.  Hist..  1877.  xx.  p.  410:  srnith  of  Japan  in  l.KTT*  fatlioniR. 
Miururu*  n^pf^r  iiiXwxYmr,  iM^p  8<*u  Fislit's.  f'halh'njftT.  p.  137,  pi.  xxxvi.  rt^.  A.  1H^7. 

This  8pecieH  is  known  from  the  ^li'^'ription  an<l  tigun*  puhUsluHl  by  (luntluT. 
(A^per,  rough.) 

10.  C(EL0RHYir6HTJ8  Oioma. 

CMorhynchwn  G\oTnB.,  MOra.  \c.  S<'i,  Turin,  xvi.  17^,  ls)3  r'  ^'olnrhijiu^h*  In  vilh  "  ,. 

Kn*hiiiufCitCQO.  Li'tlcm  al  Sig.  Au^:u^to  Knihn.  IVm-I  t\v\  Mart*  tit-  Mt^siuji.  1.  1^U  ifihnnriittntuit:  lan*a). 

i^irunMKYiirun  Bleekrr.  Vt*rsl.  Mt'd.  Ak.  Welensk.  .Viii.Mvnl.  1^74.  I(i3  MiuffnilifK 

Oxtfmarrurwt  Blcfkor.  Versl.  Mfd.  Ak.  WoU'Uvk.  Amsti-nl.  1x7-1.  l(Ki  tJn^Hmirii^'. 

This  genus  agrei^  with  Mnfraurnji  in  all  e^'sential  n'.'^jKM't.**,  exivpt  that  the  small  niinith  i.y  wholly 
below  tlie  long-pointe*!,  sturgeon-like  sn<»ut.  Dorsal  spine  sinfK)th  in  typii-al  s|»iM*ies,  tlmse  with  ser- 
rate spine  having  l>een  .se|)aratetl  under  the  pr^^K•eupie<^  generi*'  name  ('oiiH'ej*haluM  (iillnTt  &  Cramer, 
which  is  repla<.re<l  by  Matnoifphilujn  Berg.     Speeies  numen>us. 

(k"o/Aoc,  hoHow;  ^vyx^^^  snout. ) 

a.  Soalen  smaller.  5  to  6  .series  l>etwei>n  dun^al  f>pine  and  lateral  line. 
h.  Hi-ales  ea<'h  with  3  to  5  strong  radiating  ridges;  taiout  nearly  twice  as  l(»ngas  eye,  whicli  is  A.'\  in  he««';  inter- 

H|NM*e  iH'tween  dormL^  one-third  more  than  l>a.«c  (►!  first jitpouiru*. 

hh.  Scales  eaeh  with  2  to  .*)  .strung  parallel  ridges;  snout  nearly  twire  eye:  inierspa<v  iK'tween  dorsals  e<(ual  to     -^ 

liaxe  of  lirvt  dorsal jmnifhiuit. 

bbb.  Scales  eaeh  with  many  ( Iti  to  19i  nearly  |>arallel  ridges,  wliii-h  are  rather  Wittk:  snout  s)H»rt;  inters)iaee 

between  dorsals  longer  than  Ijas*.'  of  first tinhhumtfti. 

an.  ik*»\en  large,  3  to  4  between  lateral  line  and  first  dorsal:  snout  short  and  )>n»ad.  suggestiiii;  a  duck's  bill;  scales 

with  *i  to  9  weakly  divergent  ridges. 

b.  Intersfiaee  between  dorsals  1.4  times  ba.'H'  of  first:  snout  '2.4  in  head:  eye  1.5  In  snout auatir*i*trif. 

bb.  Intersfiace  between  dorsals  much  less;  snout  longer:  eye  smaller  than  in  pni*e<ling titkinti*i». 

101.  Ccelorhynclms  japonicus  (S<'hk^el ).     Ilige. 

Marrunui  Japan irus  tk'hlegel.  Fauna  .IaiM»nira.  1M<;.  p.  2-V..  pi.  <  xii.  lig.  2.  Naga.saki;  (Jiinther.  Dee|»-sea  Fishes.  Chal- 
imger,  1887.  p.  1*27.  pi.  xxix.  tig.  t\  Km^hima.  in  :VI.'>  fathoms:  Steinduehner  A:  I>iMhTlein.  Fische  Japan.s,  iv.  283, 
Tokyo. 

Dorsal  ii,  9  or  ii,  10;  ventrals  7;  p<M'ioral  18;  5  or  (t  si'ales  in  a  .«eries  from  lateral  line  to  liase  of 
first  <lor8al.  Snout  long,  narrow,  sul)trihe<lral,  taiHTing  to  a  very  aeiite  i>oint  the  lateral  niar>;ins  with 
very  slight  eurv*»,  or  none,  continuing  in  a  ilirert  line  the  iiifrai»rl)ital  ridge;  wi<lth  of  snout  op|M)site 
anterior  margin  of  orbit  is  eontaine<l  1.4  to  l.t>  in  its  U'ligth;  its  lu'ight  at  front  of  mouth  i.s  ctnitaineii 
1.75  to  2  times  in  'lit*  length;  mouth  eomparatively  large,  length  of  nuixillary  t^pialing diameter  of  eye, 
reaching  a  vertical  from  jKisterior  margin  of  pupil;  teeth  rather  coarser  than  usual  in  this  genus,  a  few 
of  the  outer  teeth  wnnetimes  slightly  longer  than  the  others,  all  typically  with  arrow-sha|KMl  ti|»s;  inner 
}jair  of  o<ripital  ridges  converge  gi'Utly  liackwanl;  outer  pair  dtH*urv**<l  l»e))ind  eye;  7  or  S  tul)errli»s 
represent  the  gillrakers  of  outer  arch.  The  gill  mend>ranf»s  have  a  well-uiarke<l  fnn*  margin  l>ehin<l, 
on  me<liaii  line. 

Second  dorsal  spine  snuK>th  throughout,  its  height  con taine<l  1.2  in  that  of  .^nout.  Interspace 
between  dorsals  is  four-thinls  the  lKL*-'e  of  tirst;  origin  of  .stH'ond  ilorsal  vertii'ally  alcove  si*c«»nd  or 
tliinl  anal  ray;  largt»st  pei'toral  rays  slightly  exceetl  length  of  {H)storl>ital  part  of  hea<l;  scaU*s  on  l>ack 
and  sides  marke<l  with  3  to  5  strongly  railiating,  sul)e<iual,  spinous  ridges,  i)o8terior  spines  pn)je<*ting 
l>eyond  margin  of  s<^le;  scales  on  breast  similar,  but  smaller  and  more  cn)wde<l;  on  upi»er  surface  of 
snout  the  scales  have  usually  only  the  meilian  crest  develoi>e«l,  but  the  nunlian  serit»8  of  12  scales 
attache<l  to  the  subjai'ent  Ixmy  ridge  contain  each  (5  or  7  strongly  radiating  ridges;  on  top  and  sides  of 
head  scales  with  a  single  median  crest  preilominate,  but  the  temiK»ral  region  and  the  upper  i>art  of  the 
hea<l  cheeks  and  f>pen*k*s  contain  also  many  wales  with  'A  to  5  ridges;  lower  surfa<*e  of  hea4l,  exct^pt 
gular  and  branchiostegal  membranes,  densely  covere«l  with  smaller  wales,  bearing  each  a  me<lian 
spinous  crest;  nail-like  pnn'ess  at  tip  of  snout  longitu<linally  rugose  and  .spinous;  no  depression  or 
nakeil  ])it  in  fntnt  of  ventral  (ins. 

Color  is  dark  brownish,  lighter  in  snout,  tins  all  blackish,  including  ventral  filament;  lining  of 
buccal  cavity  blue-black;  gill  cavity  and  (teritoneum  bn»wnish  black. 

Seven  syieci mens,  3.'t  to  43  cm.  in  length,  were  obtainiil  at  Mi.saki.  A  stuffe<l  skin  was  obtained 
at  Nagasaki.     The  s|>e<^it»s  is  not  infrequent  in  the  markets  of  southern  Ja{ian. 

This  s{>ecies,  with  others  in  the  family,  is  known  as  /mV/<',  a  woni  meaning  moustache,  perhaps 
from  the  large  interorbital  ridge.  Possibly  the  wonl  (jreumliei'  has  the  s:ime  origin  in  its  relation  to 
these  fishes. 
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103.  Coelorhyitchua  kiriiinouyai  Jordan  A  Hayiler. 


].  K.  niakl.  No. 


Thifl  Hpet-kf  JH  known  (rotii  the  original  type  now  in  the  II.  f.  Ntuiiinat  MuHeiim,  olitBineil  Uj 
I'mfetvuir  Otaki  iit  Mixaki.     No  iiecoml  cxaTii|>le  Iihh  \mvu  neen. 

(Naint^l  for  llr.  Kaiiiakii-hi  Kinhinoiiyc,  hcail  of  the.  liniK-rial  FiiihcneH  Itnrt-an  of  JajMin.) 


11  HMTUMi/ti  Jnnlan  &  Sajdvr.    Type. 


lOS.  Caelorhyuchua  paralleluB  ((iiitithcr). 


fafruruM  j/itra^lut  Gil  n  thi-r, 
liflnthrr.  I>it'|>  X-u  KIhIi 
li)duiled,]>l,  xxt\.tlg.  \ 


nn.Jl  Ma«,  N*ai,  lllni.  1k;7,  vul.  x\.  |>.  4a».  KiKBhimn.  It:  »6  Ulhoiiw(i»ulb  of  JkpaD); 
■,  (-hall.'IigtT,  IIMT.  |>.  1^1.  N<'»'  Zmlitricl.  K'TniBClii'  l^lanila,  Bnuohlmt  (two  upMita* 
n-pruvnllnK  h  illiitdicl  i^-ckii.  C.  Iurma<l/Tvi). 

\  M|iecinieii  245  mm.  lung  fniin  Mitiaki  was  prcseiiteil  hy  tlio  Iiiipi-rial  I'liivcraity. 

8cuU«  on  head,  Ix'tween  proTiiiiient  ridgtw  and  scalen  on  )isi'k  in  front  of  donwl  fin,  are  tamighect 
each  with  a  prominent,  high,  thin  niinlian  oreflt,  which  IwarH  I  to  3  HfiinouH  jtointtt,  the  ponterior  the 
longer;  no  latt^ral  ridgei*  on  thene  ecaUs  and  no  ajipniai-ii  to  the  radiating  or  ftellate  ridges  described 
aii<l  figiire<l  liy  Giinther  (Dfeji-neH  Finhf-M,  (TliallengiT,  p.  12(1,  pi.  x\ix,  Fig.  A)  tnmi  Hpeciniene  frowi 
the  Keniiadet' Islandn.  The  Hcaltw  of  l>a(;k  and  MileHlicur  the  prominent  iimlian  ridgt-  and  I  to.l  pairs 
of  cinalltT  iiarallel  lateral  riilgif,  as  ileserilMil  liy  (ifiiilhiT.  Kaehufthet^riilgtvironaiiiliiof  overlapping 
i>pine»  ini'reuHing  in  length  [h interiorly,  llie  liutt  of  tile  nitKliun  Hfriti<  alone  jinijectiiignotii-eably  Iwyond 
margin  of  fcale.  Tlie  wak'H  on  hreust  rewnible  tlxm:  on  lieai)  and  liear  no  lateral  seriat  of  spines. 
>;»tiru  lower  i>ide  of  head,  exi^jit  giilar  and  branehinKti-gal  meinbraiii.'s,  thii-kly  envereil  with  Muall 
imyular  iiunimbrk«U-<l  nialeci,  each  ]H>aring  one  or  several  Rhort  Hiiinec;  thiH  Hpiiioii»>  area  ini-lutln 
lower  jHirt ion  of  preopereiitar  iolieand  niandilite.  The  inner  imir  of  ridgcH  on  hind  head  converge 
)iai;kward  to  eiiil  of  oceipnt,  Ihen  gently  divtrge;  bnini-hiostf'gal  tneinbrani'H  without  tn-e  |ioi)terior 
fold  where  they  itcm»  the  ixthttiiiif;  lirnt  dorwd  lin  iriwrttil  over  axil  of  [H'ctorHli';  diFita:ie«'  from  inner 
Inuk  of  vt'iitralx  ti)  una]  o)H'niug  1.4  the  1 1  in  tarn 'e  lit'twe«'h  venlrutK  atnl  margin  of  gill-niendirane  on 
nie<liari  line;  interval  lietwtvti  durnalK  iiinaU  Inw  of  anterior  tin;  llrst  donuil  iimtainH  Kl  rays,  ventral 
7,  [lei'lond  IT;  fi  seriew  of  waKT"  alM)ve  latiTid  line,  and  -5  erii«i  xeriex  lietwivn  dorxal  limn. 

The  typical  loi-jlity  for  C.  jxtrtillrltiK  is  Jajuin.  In  view  of  the  diftereni-es  in  spinalion  of  scales 
lietwcen  tliew  and  Hpei'imcnB  rejHirted  on  by  (itjnther  from  the  Keriiiaib'i'  Ifiandf  and  New  Zealand, 
it  niay  well  prci('e  that  the  latter  tielong  to  a  diftinet  H[ie<^ie)<.  In  the  ligure  of  a  H[H-citiien  fnnn  the 
Kertnailec  Islands  ( Deep-sea  FiHiieuuC  the  Challenger,  pi.  xxiz,  lig.  A)  the  interval  lietween  thedorHlla 
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nlcri'ir  lin  :ui<1  as  om-wt^l  liy  10  tranriren^  !>eritv 
III'  il-iulit  of  thf  s|m-ifi('  (Ibitinctni-:*  ■•(  lhb<  fomi 
from  the  JajNine^  typr.  It  may  lie  iiaiiie>i  '  ■>l-rliiiiirliii>  Lrm'iilfr»'  I  new  ^imiHt-  name  i.  V.  jmnitfWiM 
hae  Urn  m-onied  frr^in  Ihe  (iulf  of  Maiiaar  by  Ali-o.k  i  Ann.  A  Majr.  Nat.  Hi>'t..  1SS9,  j,.  .IMI )  on  the 
Imhim  iif  "iwo  vf>uii>r  i^peiiini-us.  in  lia<l  |in-i^rvatiiin.  Wlievi-"!  tn  !•<■  ihi-  i'lu-ciw."  .^iiiiili-  verifii-atiiiii 
of  thill  iviiinl  if  to  lie  'lefireii. 
104.  CtBlorhyiichus  onatinMtri*  Jiir>lati  iV  <>ilbert.  new  r^iHi-iii'. 

Tyjie,  4(>cm.  Ii.ng.  fruni  Miisiki.  .V...  ■'-Vy'.  f..  S  Jr.  r. 

First  liiirsal  11.  9;  venlraN.  7;  jp^-"!'-™!.''.  1>.  .-Hales.  :1.-t  tn  4  in  a  ^eIies  lietwet-n  Idteral  line  and 
iniilille  of  .Iiir-al  las-.  Sii..iit  i-.inifarjiively  r.|i..ri,  wiiie  ami  'Ieiirr**eil,  slia|>e<l  lite  a  •Inik!'  Irill, 
(liAinet^r  uf  orbit  tw<>-tliiri1i'  il^i  li-n».tli.  Iii<  liiieral  •'iitliiiei'  mure  Mronitl.^' cur  veil  than  sul)orbital 
riiltie  ttloo^  siller'  iif  head.  lAtu^t  inleri>rliitat  wiilili  nearly  three- fourths  iliatneti'f  <•(  eyt-:  length  uf 
mont  (wilhnut  the  tenniiial  .-I'iiie.  whi.h  is  hn-kini  i' L'.4  time-  letiirth  'if  he«<l.  KarU'l  shun, uImhiI 
hklf  length  «(  eye.     M..nih  small,  ils  ^«  i.lih  at  aii^ile  «f  tr.H'-  .--inlain-l  1>.4  lim.-s  in  wi<lih  ..f  h 


ESine  line,  leuph  .if  maxillary  4  in  lent'lh  <•!  Iieail.  The  month  ••.■.uiiies  s|mi«  lietween  the  vertirals 
from  anteriurn<r-lril  ami  pot'leriur  e<l^  of  j>ii|)il:  teeth  minute.  ni>t  ani>w-shap<il.^iuil  in  iHze.  fonning 
mther  wide  lands:  jnll-memliranei'  form  a  wide,  fn-e  fuld  forterinrly  i<n  ine<Iian  line:  spinous  ridgn!' 
on  heail  are  siri'nifly  niarkiil;  iuner  jiaireimver^  txwunl  middle  of  their  len^h.  then  gently  (livery. 
.\t  bc^nnin^  iif  last  ihlnl  of  their  1ent:lh  u  larse  si-ate  nilh  single  vievateil  spinous  i'itT<t  occniiimi 
middle  of  jipai-e  between  them:  this  s'ale  marke<lly  differ<-nt  froni  th'i^'eanmnd  It,  hut  similar  to  thoee 
mimounlinjc  the  ridi^ei'. 

Fin-tdorwil  lin  inserle.1  a  little  U-hind  a^iil  of  |«'tnrals:  .'eeoml  s|iiiie  (smooth  throuffbout.  ils 
length  ei(ualing  that  of  head  Ifhind  fmnt  of  i'n|iil.  ii.-i  tii>  n-aihinj;  thini  ray  of  seeoriil  don«d.  The 
)nters[i«oe  U'twevn  the  dorsals  is  1.4  Isiwof  first  and  sliuhllyexeMMlti  diameter  of  eye;  orijrin  of  tii.cund 
doml  is  ovi-r  the  third  anal  ray.  very  low  and  inomi'pii'uous:  loniKst  ]M.i-tonil  ray  «^|iiale  length  of 
mout  and  slightly  exeeiils  other  ventral  ray:  si-alci^  lar^e.  there  iieing  Imt  3  or  .'i.-i  in  series  lietween 
latnvl  line  and  middle  of  lin^t  ilorval:  thnse  alon^  middle  of  liai'k  and  side:'  have  li  to  tt  i>pinnufl  riilge:< 
wliii'h  diverKf  wt'akly.  but  ohviotfly:  riitge><  sii)ie<|nal.  etu-h  oinsi.-iing  of  verj-  obiiijue.  o\-erlaptiii^ 
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Hpim^H,  the  lont  Hpinen  i>n>je(*tiiig  l>eyon<l  inaryiii  of  s('ali*^<:  m'hUw  (»n  breai«t  similar,  but  smaller,  with 
shorter  Hpiiu^H;  thi^MMm  topaiid  Hi<U'Hof  hcatl  Hiiiiihir  tti  thiiM'on  ImkIv,  l»ut  anteriorly  on  Miout  their sixe 
is  );n'atly  <ie<-n*aMMl  aiwi  the  rudiatiii);  rid^-s  retliicetl  to  2  or  8;  l«>wi-rM<le  of  head  itf  wholly  naked, 
exf*ept  'A  or  4  very  Hiiiall  Mules  in  a  Hi*ries  Ih*1ow  pn'o]H*n'n)ar  aii»;le.  No  depret-wiHi  area  or  naked  pit  on 
l>n»a?«t. 

Color  li>!)it  brownish  alnive,  iind«*i  {larts  lighter,  tinn  lilufkinh;  Imuvu),  hraiiehial.  and  aUlominJiJ 
ravities  line«l  with  Idaek,  n-anvly  apiuiriMit  ext«*rnally. 

Oidy  OIK*  K{>tM'inien  hhmi:  it  wan  taken  on  lon;r  linen  at  Minaki  1>y  Knina  Aoki  and  ]»n*TH*nt4Ml  to  w 
hv  l*n»fejvor  Mit.^ukuri. 

f.  iinnfirtfjttt'iit  i?»  rh»s«'ly  n»Iati*«|  to  r.  tnk'mmsf  (Steindaehnt^r  iV  IK'Nierlein  i,  hut  differs  in  its  shorter 
snout,  nnii'h  hirp'r  eye,  short«'r  niaxiMary,  shar{M*r  ktH>]s  on  iN'cipnt,  and  much  wider  iiiteni]MU'e 
U'twe«'n  dorsals.  Then*  is  hut  on<'  instead  of  two>eriesof  cidarpHl  s<-2il('s  aion^  the  lateral  riilffeof  the 
head,  and  the  nieilian  s<'ries  on  t)ie  snont  an*  not  sipian*. 

105.  Coelorhjmchus  tokiensis  iSteindachner  iSc  IW'Mlerlein). 

This  si^M'ii^  is  known  1o  ns  from  the  ori«^iiial  des<*ription  <iidy. 

NEZUMIA  Jordan. 

\f-.inuin  Jiinlitii,  in*W  u»'iiii««  in##i*/j//#irfi  •. 

This  ^(*mis  is  (*l(ts<*  to  MurnniruM,  differinir  from  I  hat  in  the  many-ray(*<l  vent  ml  litis,  the  niiinlM*rof 
rays  U'in^  i:»  to  l'»  inst4*ad  of  7  to  10,  ju*  in  all  otln*r  Murr'nu'nl.i. 
I  Xiznmi,  a  rat,  in  Jai>aiH*se. ) 

106.  Kezumia  condylura  .Ionian  Jk  <iinK*rt,  new  sfH'eies.      (IM.  -I,  i\^.  l'. ) 

Ty|K*  li*5  mm.  lonjr.  fmm  station  :<7lil,  Suru^ni  l^v,  .lajtan,  «lepth  2<>7  to  li'M*  fathoms,  No.  oO}K17, 
r.  S.  Nat.  Mns.  ('otyiH*s,  No.  S.V>1,  L.  S.  .Jr.  Iniven^ily. 

First  dorsal  ii,  II  (or  ii,  l(h;  ventrals  14  or  15.  rsindy  {',*:  iMH-tonils  21  to  l»:5.  Sales  in  a  Kerien 
U'tWfHMi  latenil  line  and  anterior  |M»riion  of  se«>onfl  ilorsiil,  10  or  11.  Mead  ii.'.\  in  total  lenirth  (the  tip 
of  tail  l»n>ken) ;  dej»th  7.4. 

The  profile  is  stn>n^ly  an^nlat^'^l  at  origin  of  lirst  dorsal.  \k\^v  of  lin  very  ol>li«|ne:  he:id  eom- 
presseil,  its  sid«*s  vertical,  its  width  l<»ss  than  iwo-thinls  its  j:n*at«*st  depth.  I'pikt  prolile  evenly  antl 
p*ntlv  convex  from  lip  of  snout  to  origin  of  tlorsal,  without  depn*ssion  alMivt?  the  orhits.  No  e«>n- 
spicuous  ridp*s  on  top  of  head;  snout  short,  depress4*<I,  ils  tip  alNiut  nii  level  with  middle  of  eye,  itx* 
lower  pnifile  desi-endinjr  very  ohiitjuely  to  front  of  pn*ma\illarics,  from  \Nhich  i(  is  se|Kirat(*«|  h y  a 
distanc<>  iM{ualin;;  width  of  mouth,  and  a  wry  little  less  than  lcn«;tli  of  snout.  The  snout  terminateH 
in  a  me«Iian  and  a  juiirof  latenil  tuUTcles  lK*arin^  rosettes  it[  short  spines;  a  stron*:  rid^re  ext4*ndH  fn>ni 
its  tip  alonp<ide  of  snout  and  sulN>rl)ital  to  In>1ow  p<>>tcrior  part  of  eye,  dividing;  a  scaly  U])iH>r  ]H>rtion 
fnMn  the  naknl  under  si<le  of  head;  eye  hinrc,  suhcircular.  it''  horizontal  diameter  half  lonK«*r  than 
width  of  c(»nvex  intemrhital  s|»aci',  one-thinl  length  of  head.     l^'U^th  of  snout  '.\J\  in  head. 

Mouth  \**  narrow,  its  wiilth  scarcely  two-thinls  that  of  lM*ad  op}M»site  an;:U>  of  mouth,  ^n*atly 
over|>a.*«s4Ml  hy  sn(»ut  liotli  anteriorly  and  laterally:  length  of  maxillary  one-thini  that  of  head,  itK  tip 
reaching;  a  vertical  from  U'hind  midille  of  pupil;  mandibular  tceih  small,  nmiiform,  none  of  them 
eidarveil,  anteriorly  in  a  wide  kind  which  tap«*rs  to  a  {Niint  near  aiiirle  of  mouth;  pn*maxillary  te«»th 
similar,  in  a  narrower  band,  outer  series  not  enlarged.  Mandibular  Uirln'l  robust,  more  than  half 
length  of  numdible,  thn*e-fifths  diameter  of  nrbit.  PnHi|N>reular  mar^'in  nearly  vertical,  evenly  n»unde«i 
at  an^fle,  the  an^de  not  at  all  ppNluced  Uiekwanl.  r>raiichiostt*«;al  mf*mbran4*s  narntwly  jointnl  to 
isthnuis,  with  a  slijrht  fn*e  border  jNisteriorly.  P»ranchiost(*^iI  rays  7.  IVeuilobninchi:e  ])n's«'nt,  *h)v- 
en*d  by  the  lining  membrane  of  opercle>;  anterior  );ill  slit  much  contracted,  its  width  slightly  letM 
than  half  diameter  of  orbit;  {Kisterior  ^rill  slit  two-thirds  the  anterior;  bas4*  o[  pertoRilsand  ventraln 
and  ori};in  of  lirst  dorsal  approximately  in  s;ime  vertical;  S4'cond  ilorsal  spine  sl(*nder,  prtHlueed 
lM>yond  siift  niys  but  n«»t  tilameiitous,  furni.'^hed  with  10  to  14  lon^r  slender  retrorse  barlis,  ev«*nly 
spaced  from  near  base  to  tip;  len^rth  of  >pineabout  espial  to  that  of  bead;  space  bet wet'U  dorsals tfiualH 
length  of  ba.'M*  of  anterior  dors;il,  which  eipials  diameter  of  eye;  s<*cond  dors:d  l(»w  tbrou>rhout;  a 
.wt'i'ies  of  suKMith  cycliiiil  scales  alou:;  its  bas<*  anteriorly  on  each  side;  first  anal  ray  und(*r  or  slightly 
U'liind  last  rav  <>f  fir!»t  d<ir.<4al;  pectorals  live-eiLdtths  length  of  head;  outer  \enfral  ntv  filanieiitiMiH, 
reachiuL'  base  of  the  seventh  anal  ray;  ilistaiice  fn»m  biu<e  of  ventrals  to  fir.^'t  anal  nty  eipials  leuirth  of 
snout  aUii  half  eve;  vent  alniut  et|uidistant  iM'twem  ventral  Uise  and  anal  and  }Kissed  by  all  the 
\entral  rav;-. 


JAPANESE   FISHES.  621 

Si-aleH  all  Hiiiall,  thoee  on  Ijack  and  Men  of  Ixxly  mostly  with  7  or  K  nearly  |)arallel  Heries  of 
recnmlx^nt  npines,  the  j>osterior  in  each  seri«»f«  projetrting  heyond  margin  of  »«le;  wries  inclined  a  little 
obliquely  downwanl,  those  on  Huciressive  Hcale«  often  falling  in  same  straight  line;  on  the  na^ie  the 
scales  are  smaller  an<l  fnrnishtHl  with  much  longer  spint^  less  <listinctly  arranged  in  series;  on  the  snout 
and  interorbital  region  the  spines  are  thicker  and  stand  erect  or  nearly  so;  on  the  bn»ast  the  spines 
are  sul>erect  and  arrangeil  in  mort»  numerous  series  on  each  scale. 

Color  light  brown,  un<ler  side  of  head  and  alxlomen  purplish  black,  this  color  exten<Iing  to  alMjve 
base  of  |>ectorals  and  l>ackwanl  to  indmle  the  first  10  or  12  anal  rays;  the  mouth,  the  branchial  an<l 
abdominal  cavities  line<l  with  black  membrane.  Basal  half  cf  first  dorsal  whitish,  distal  half  blackish. 
Ventrals  blackish. 

The  known  si>ei'imens  were  dre<lge<l  by  the  AlfnitroM  in  Sagami  and   Suruga  Imys.      Stations 

3695,  110  to  250  fathoms;  3697,  120  to  265  fathoms,  lH>th  in  Sagami  Bay;  station  3721,  Snruga  Bay,  207 

to  250  fathoms. 

(CbiKf^urci,  the  8tHr-u<iMrfl  mole.) 

TSACHOKUBUS  Oiinther. 
Traehununif  Ctunihi'T,  <'>ialleiigt>r  Report.  I)eeiH.»^*a  KWies,  xxii.  124.  1hx7  {rUliMtut). 

Scales  not  imbrit!ate<l»  sei>arate<i  by  furn)ws,  and  <lenst?ly  covennl  with  sharp  spuiules,  so  that  the 
animal  seeius  villous  to  the  touch;  dorsal  spine  sm<H>th;  dorsal  much  lower  than  anal;  teeth  in  both 
jaws  in  villiform  banfis;  snout  obttise,  the  mouth  subinferior;  sulxjrbital  ridge  little  developtnl.  This 
genus  is  distinguished  from  (\ri*jrhynchux  by  the  indistinct  s<piamation.     {rpaxv^y  roug**;  ot>^jd,  tail.) 

107.  Trachonurus  villosus  ((ii'inther). 

C\tr!rphsmoid€9  rUhtru*  (iuntlier.  Ann.  &  Mag.  Nat.  Hist.  1x77.  xx.  y.  411:  N>iith  of  Tokyo  in  ^U  fathoniK;  wiuth  of  the 

Philippines  in  .'MN)  fathomt*. 
Marrurug  riUwm  (Jilnther,  Detrp  Sea  Fishey  of  ('hallenRer,  18h7.  p.  112,  pi.  xxxvi,  f.  B. 

This  species  is  kmtwn  to  us  from  Gunther*s  account  only. 
(  ViUoguSf  hairy. ) 

PLEUR0NECT1D>E. 

108.  Athereathes  evermanni  Jordan  &,  Starks,  new  si)ecie6.     (PI.  5,  fig  1.) 

Head  3.3  in  length;  depth  3;  D.  114;  A.  94;  scales  109;  upper  eye 4. 75  in  hea<l;  snout  from  uppi'r 
eye  4;  maxillary  1.9;  pect^>ral  of  eywl  side  2.1;  of  blind  si<le  3.25;  up|)er  lobe  of  caudal  1.75. 

Profile  of  snout  on  same  curve  with  that  l^ehind  eye;  very  slightly  depresse<l  al)ove  eye;  eyes 
scarcely  reaching  to  upper  profile,  the  lower  one  the  more  anterior;  interorbital  appi'aring  rather  flat 
and  moderately  broad,  the  bone,  however,  narrow  and  convex,  its  width  less  than  half  diameter  of 
pupil;  nostrils  close  together,  the  posterior  of  eye<l  side  in  a  broad  short  tube,  anterior  in  a  narrower, 
longer  tube;  anterior  nostril  of  blind  side  with  a  long  flap  nearly  a  thinl  as  long  as  upper  eye, 
broadening  towanl  its  tip  and  l>ei'oming  conspicuously  o{iaque  white;  snout  with  many  |K>res  si«tter«l 
among  the  irregularly  j»la<.*etl  scales;  mouth  reai'hing  to,  or  very  slightly  j>ast,  the  vertical  from 
posterior  margin  of  lower  eye;  teeth  h>ng  an<l  slender  and  with  lance-sha|)e<l  points,  in  a  single  row 
on  lower  jaw,  their  length  unequal;  a  double  row  of  smaller  teeth  on  sitle  of  upper  jaw,  the  outer 
row  the  smaller;  they  grow  larger  anteriorly,  liecome  curved  inwanl,  fang-like  and  some  of  them 
depressible;  gillrakers  rather  slender,  the  longest  a  trifle  less  than  half  length  of  eye,  their  number 
3+10;  scales  very  finely  ctenoid,  the  spinules  short,  fine,  and  numerous,  only  seen  upon  careful 
examination  with  a  lens;  many  st^ales  have  only  a  few  irregular  spinules;  others  are  entirely  without 
them,  api)earing  as  if  they  had  been  nibbe<i  off;  head  and  Ixxly  everywhere  with  numerous,  small, 
cycloid  supplementary  si-ales  crowded  in;  scales  of  blind  si<le  all  cycloid;  snout,  mandible, 
maxillary',  and  interorbital  with  numerous  small  cycloid  scales,  those  on  latter  exten<iing  out  on 
eyeball  to  edge  of  iris;  all  fins  rather  closely  tx)vered  with  fine  scales;  lateral  line  slightly  l)ending 
upwani  from  opixwite  tip  of  pectoral.  Pectoral  of  eyed  side  longer  and  more  iH>inte<l  than  that  of 
blind  side;  first  ray  of  dorsal  inserte^l  above  anterior  margin  of  pupil;  ventral  short,  siarwly  reaching 
to  front  of  anal.     Caudal  shallowly  concave  <.»n  posterior  outline. 

Color  unifonnly  dark  brown  without  markings. 

This  si)e<.*ies  differs  from  Atheretihes  ftomitiA,  of  the  Alaskan  fauna,  in  having  only  a  single  row  of 
teeth  on  lower  jaw,  and  the  upper  eye  not  reaching  the  upper  profile.  The  sidles  are  more  strongly 
ctenoid  and  the  anterior  nostril  Invars  a  long  flap. 

The  type  and  sole  speiri men  is  270  cm.  in  length;  it  is  from  station  3772  in  Matsushima  Bay,  and 
is  numbered  51490,  V.  S.  Nat.  Mus. 
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CIZI8THIVIB  Joidui  *  lUrki,  naw  gtnv* 

TliiH  gi-niiB  in  cloHt'ly  allied  tii  lf\p]ioglofiuiitlr»,  iliftoriii);  in  liaviii);  cyrloiil  wwIbh  fverywlmrv  in  the 
vounKi  and  an  iricn'aiitHl  niiiiilxT  cif  inllrakcrti.  The  achilt  line  a  muK\<f  dw  "i(  clennid  wvlfH  aloiiir 
aiitcriiir  Imm!  nf  iliireol  an<i  utml,  a  ftw  on  fiiniit  im  rii1|ct'  iH'liiml  inb-nirhilal  ijpacp,  and  on  upercle. 
The  (lorwl  \onaiM  at  the  nrhilul  rim  plitchtly  on  the  iilind  utile.     V.ytv  and  color  on  right  Hide. 

( ClfiMlientt,  the  effeminate,  an  Atheniiin  noUil  1>y  Arixloiihanef. ) 
109.  01eiathen«a  plnetorum  .lorduii  &  Starki<,  new  i<i<eciet>. 

Elead  ^.m  in  length;  ilepUi  -M>;  I>.  7U;  .\.  ni;  NcaleM  KU;  ui>)ier  eyu  4.tl  in  h<.-a<l;  wiout  from  upjier 
eye  iA;  pectoral  of  eye.1  «de  2;  of  1>iitid  wdc  ■Z.h;  ventral  'A;  «uidal  1.4. 

Domal  outline  of  atiterinr  jiart  of  Iw.rly  and  liMd  uii  even  c-iimave  ctirve  lo  neHr  Up  of  Mumt,  lirokeii 
only  liy  jirolnidintt  upjier  eye.  fjiper  eye  i-iillinft  into  iinilile,  and  ranKiu^  nearly  vertically  npward, 
al)ont  two-HftliH  of  it  l)ein)c  vinliie  from  the  lilind  fiile.  Tiji-if  nnoLii  l>lnntand  mnndtyl;  mouth  rather 
utronply  eurved;  niaxiltary  reat^hint;  wunily  ti>  middle  >■[  lower  eye,  nirt  ci.vered  along  middle  of  ltd 
length  liy  tliti  jirefmntal  ax  in  Uiiti)0'jh«aii'nU»  liaiiiiUoni;  teetli  Hiiiall.  aenti-,  in  a  nnKie  M'ri««  in  each 
jaw,  M«reely  enlarKei)  anterinrly;  noi'trilH  miKlerale,  the  aiilerinr  in  a  short  tnU-  wliieh  dovn  not  reach 
li)'(slm>  of  )>re')rliitah  preorhitai  with  a  hhint  Hpine  on  anterior  vulp';  f\vH  aUmt  eipial  in  aiie, 
He|ianili>i|  hy  a  Hat  interHiwi-t',  coven-"!  witli  cycloid  HcaleH;  jtiilralcorH  blender,  iK|ual  to  half  Iht*  eye  in 
leni^h,  K  to  10  alxive  and  24  to  27  Ix'low  tiie  angle. 


IhiiMil  lin  U-Binnini;  diulitly  "in  liliml  Biile  at  eilw'<'f  orliit  o]n>oHitu  iKwlerior  man;ln  of  (nipil; 
anal  imn-clcl  hy  anlr'uii;  fjiine:  ventmlx  not  n-ucliini:  to  anal  (rcHchini;  to  liHt<e  of  Hei'onil  anal  ray 
in  yonng);  tanilal  evenly  ronndcnl  In-hind;  wiiIcm  everywhere  cycloid  and  with  nmivntric  rin(w  in 
HpctMineiui  4  or  fl  inclien  Irin^. 

A  HiM-eilnen  id  ini-hex  Umft  hi\i*  cycloid  hhiU-h  e\ivi>l  ii  Mingle  row  of  ctenoid  Hcalt-x  alimg  hoHe  of 
dorral  and  unal  anteriorly,  a  few  in  fmnl  imil  Ixhind  the  iidcnirl>ilal  Himi-e,  aiiil  pome  on  oiwrclm. 
Thely)M-  (K.'>  inch<-H  U>n|;)  liaH  only  an  occiisionut  ctenoid  h'uU- uloiij;  Ivise  of  domal  and  anal,  and  the 
ctenoid  FU'alef  on  hen<l  are  vi-ry  tiiHirn'.  A  PiK-idnien  T  iii<-)ii«  lon^'  hat<  only  a  few  ctenoid  males 
reniainin);  on  heail  Ix-hind  inleriirhital  hiuki-. 

Color  everywlien-diirk  hrr>wn.  dorwil  and  anal  a  little  lighter  at  liaHc  of  rayx;  membrane  of  caudal 
darker  than  the  niyH  niiiking  lonicilndinid  HtrcHk!<:  domd,  anal,  and  caudnl  of  hijnd  Hide  dark  towani 
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Heail,  3.5  in  length;  depth,  2.8H;  length  of  upper  eye,  .'^.75  in  hea^l;  snout  from  upp«  r  eye,  4.66; 
pectoral  of  eye<l  fide,  2.1;  i)eotoral  of  blind  giile,  3;  ventral,  3;  length  of  middle  dorsal  rayn,  2.16; 
wid<Ile  anal  raysj,  2.16;  eaudal,  1.4;  interf»rbital  space  narrower  and  more  (*<meave  than  in  adult; 
color  light,  with  line  |>oint.s  Si-attennl  over  a  flesih-iv»lon*<l  gn>un<l,  these  following  more  especially 
the  outline  of  scales;  indefinite  dark  brown  s]>ots  s<'attenMl  over  IhmIv;  one  always  present  r>n 
lateral  line  at  l)eginning  of  j»<kst<'ri<»r  third;  one  or  two  usually  j>lac(»<l  irregularly  along  lateral  line 
anteriorly;  a  few  following  dorsal  and  ventral  outlines  of  IkkIv;  fins  light,  niottle<l  with  grayish  bn>wn. 

All  of  our  numerous  sixvimens  were  dre<lge<l  off  Kinkwazan  Island,  Matsu.<hima  Bay,  at  stations 
3769  and  3770.  The  tyi>e  is  22  nn.  in  length,  N«».  ol403,  V.  S.  Nat.  Mus. ;  ootyj^es are  No.  8391,  Stanfonl 
University. 

110.  Xystrias  grrigorjewi  (  Her/enstein » . 

Hipi)ttglt>*jftw  fjriiftri*  iri  Hfrzeni>t(*in.  Bull.  Ar.  Imp.  S<i..  lVtfrsb..l.'<90.  i>.  134. 

I  mwpfr  frfoirii  Jordan  A  Snyder.  Pn^-.  U.  S.  Nnl.  Ma**.,  xxiii.  I'JOl.  i».  37H;  Tokyo. 

A  large  s[>ei'imen,  taken  at  station  3699,  Suniga  Bay,  in  4(K)  to  72ti  fathoms. 

This  s|>ecie8  differs  from  others  referred  to  VertujH'rm  hiving  long,  slender  gillrakers,  the  scales 
all  cycloid  on  blind  side,  and  thost*  of  eyed  side  more  finely  ctenoid;  spinules  more  even  and  numerous. 
It  may  he  made  the  tyi>e  of  a  distinct  group  or  genus,  t-alleil  Xystriiify  from  the  long  gillrakers. 

111.  Pleuroniclithys  comutus  ( Schlegel ) . 

Two  specimens  taken  in  Suniga  Bay,  .station  3708,  off  ()se  Point,  in  tvS  to  125  fathoms,  and  station 
2356.     A  larva  with  the  eyes  .»*till  symmetrical  iHThajis  In'loiigs  to  this  sr)ecies. 

112.  TJiw«.TiH«.  herzenateini  Jonlan  <&  Snyder. 

Pteuntnccinf  japonicn*  Herzenstein.  not  of  Houtluyn.     Limnmla  hrrzf  njffdni  Ji*n]tiU  Ai  .Snyder  Troc.    T.  S.  Nat.  Mil:*., 
XXIII.  1901.  p.  716,  after  Herzenstein. 

One  s|>e<Mmen  dredgt^l  in  MatsiL^hima  Bay,  station  37rt8,  25  (!m.  in  entire  length,  differs  from 
Herzengtein's  desiTiption  in  having  84  .«*eries  of  si-ales  ( H8  jK)res ).  ( )th*'rs  c<.»llecte*l  by  Jordan  &  Snyder 
at  Tsuraga,  Matsushima,  Ilako<late,  and  Aomori  have  from  SO  to  85  scales. 

AL£0P8  Jordan  k  Starks,  new  genus. 

i4^^««  Jorrlan  A:  Starks.  new  jrenusi  of  IHetironfctuiir  ijtfinthfis^ 

Allied  to  PiecUojyiietUi^  but  with  large  ctenoid  scales  which  are  somewhat  caducous.  Kyes  and  color 
on  the  right  side.  lateral  line  simple,  with  a  bn»ad  rtat-topiH*<l  arch  in  front;  mouth  mo<ierate;  teeth 
small,  in  liands.     Itillrakers  short  and  sharp. 

113.  AlsBops  plinthuB  Jordan  Sc  Starks,  new  si>e<-ies.     ( PI.  5,  fig.  2. ) 

Head  4  in  length;  depth  2.4;  D.  61:  A.  53;  H'ales  tv)  (iw)res);  upfK-r  eye  3  in  hearl;  snout  from 
upper  eye,  4.16;  maxillary  3.16;  pectoral  of  eyi^l  side  2.25;  ventral  nie«lian;  caudal  rays  1. 

Anterior  lM»dy  outline  strongly  ari'lusl  alK»ve;  orbital  rim  of  upjK'r  eye  pn)tniding  l>eyond  ri'St  of 
pn»file;  snout  a  little  j>nMluc<'<l,  blunt;  anterior  nostril  in  rather  broad,  short  tul)e,  which  d<»es  not 
reach  to  e<lge  of  preorbital;  maxillary  curve<l,  rc*aching  to  1h»Iow  ()r  ver>'  slightly  {ya^i  anterior  rim  of 
pupil  of  lower  eye;  teeth  small,  in  a  very  narrow  bwind  on  eye<l  side,  growing  wider  anteriorly,  some- 
what smaller  on  premaxillary.  On  blind  si<le  the  teeth  <»n  lioth  jaws  are  in  mrxlerately  wide  bands. 
Eyes  e<pial  in  size,  the  lower  slightly  more  anterior,  sej>arate<l  by  a  narrow  nake<l  ridge;  vertical  lind> 
of  premaxillary  short;  gillrakers  short  and  rather  sharp,  the  longest  one-half  to  one-third  diameter  of 
pupil,  5  —  10  in  numl)er:  caudal  i>e<luncle  very  wide  and  flat,  its  length  one-thinl  of  its  width;  scalefl 
large,  rather  finely  but  very  evidently  ctenoid  on  eyed  side,  <'vcloid  on  blind  si<le;  hea<l  on  eye<l  side, 
anterior  to  |x>sterior  rim  of  [»upil  alnive,  and  iK>sterior  enrl  of  mandible  l>elow,  without  scales;  lateral 
line  turning  abruptly  upward  at  a  sharp  angle  two-thirds  the  heaiPs  length  l)ehin<l  head,  and  forming 
a  conspicuous  flat-toppe<l  arch,  a*<  high  as  half  length  of  head;  rlorsjil  ln^ginning  slightly  on  blind  si<le, 
a  little  l>ehind  mi<ldle  of  eye,  length  of  first  ray  containe<l  1.1  in  upi>er  eye,  longi'st  rays  near  posterior 
end  of  fin,  the  longest  2.25  in  hea^l;  pectorals  e<|ual  in  size;  caudal  broail  and  pointinl  l>ehind;  nu 
lateral  angles,  the  sides  bn>a<lly  rounde<l  from  tijis  of  the  long  median  rays  to  lateral  edges  of  fin  base. 

Color  pinki.sh  slaty-brown,  usually  mottleil  with  bla<'k;  2  inconspicuous  semiocellated  sjxjts,  one 
near  ilorsal  and  one  near  anal  l>ase  a  head's  len'gth  anterior  to  bjise  of  caudal;  less  conspicuous  dark 
irregular  spots  along  side  above  anal  and  Ixdow  dorsal,  one  below  arch  of  lateral  line;  a  black  spot  on 
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oiitor  ravH  nf  raiidul;  all  tins  (.'xcfpt  vcntnil  and  {HM'tunil  nf  Miixl  nido  irrL*^ularly  H]M)tte<1  and  mottlfi.I 
wi(}i  black.  TluMn(Mn)>ninc  han  drawn  away  from  tlM'HOili^s  in  our  H|NM'iiiUMi  lojivi  northern  liglitat  lMU<e. 
Tlir  ty|H'  is  155  nun.  in  (*ntin'  Im^irtlt.  takon  ut  statifui  li7i)S  in  Suru^ra  Hay.  It  iH  niimbered  51406, 
r.  S.  Nat.  Mils.  CotyiK's  wrn*  taken  at  tli«'  same  station,  and  at  stationH  3715,  :i71H,  and  3717  in 
Sumpi  lUiy,  and  at  station  :>725  in  Owaii  Kay.     CotyiK*  No.  s:»st»,  Stanford  rniven*ity. 

DEXISTE8  Jordan  ft  SUrks.  new  genns. 

IhxiMhfi  ,\t*r*\nu  «S:  Slnrk?*.  1H'\*  Ki'nn»«i»f  Jt* iirnnn-ihl.-i-  niknz*  11(11"  >. 

This  )i«*nns  differs  Iron  I  I%ni1nithtivnfrhs  in  havin;;  larjre  n-ales,  an<l  larjriM'vi's  iiarniwlyHeiiarate«l 
!»y  a  \\\v\\y  sharjj,  nake<l  interorhitai  ridp'.     Kyes  and  folor  on  tlu'  rijrht  side. 

114.  Dezlstes  rikuzenius  .Ionian  iV  Starks.  new  spi^eies.      (1*1.  (i,  {\]z.  1.) 

Mead  \\.K\  in  len^^li;  de]»lli  1*.75;  1).  7.1;  A.  5«l:  siali-s  <>4  i|Min*si;  u|»|H.*r  eye  :{.  1  in  lieail;  nnout 
from  iii>jH.'r  eye  4.h;J;  maxillary  of  eyrd  side  \\.K\\  nf  Mind  side  W,  jH^'tond  «»f  ey«Nl  side  2;  of  blind 
side  .'»;  ventral  .'J.l;  lii^^lnn^t  «lorsid  rays  l-'.5:  nie«iian  c^indal  rays  1.5. 

I^hIv  ni(Mlenitelv  narrow;  anterior  «lorsal  eurvi'  sliirlitlv  )>niken  l»v  the  Rus<*<i  orhital  rim;  Hjiout 
hhint;  lower  jaw  pn»j«M-linjr.  and  with  a  krmh  <lev<'l«»|H'd  at  symphysis  U-low  tip;  eye8  laryv,  upper 
slightly  the  lander  and  plainnl  farther  haek;  narrowly  H*iiiiniteii  !»y  a  hi^h,  sharp,  naked  ri<)):e;  nioiitli 
much  larger  on  hiind  side;  maxillary  of  eyed  side  n'a<'hin;r  to  o]»po.»<ite  anterior  etl^*  of  pnpil;  teeth 
blunt  and  not  wwy  even  or  rl<»sely  s«'t,  in  one  m«Nlenitely  stnii^ht  row  exre[)t  on  hlind  nido  of  lower 
jaw,  when»  :»  <»r  4  are  irn-jrularly  placed  insid<'  the  row;  ^illnikers  short  and  trianj^ular,  7  on  lower 
lind»  of  arch,  1  deve1o|KNl  and  2  ruilimentary  ones  on  upper  limb;  S4*ales  lar^'e  and  ctenoid  on  eyetl 
side,  cycloid  on  blind  sidt>;  spinules  on  scales  very  slender,  sharp,  and  numerous;  a  few  m-ales  on 
anterior  |wirt  of  interorbital  where  it  wiilens  on  sn<Mit;  upjH'r  eye  with  a  patch  of  ct4>noi<I  .•falen,  each 
with  2  or  '.\  spimdes;  a  row  of  small  scales  running  out  on  each  tin  ray;  lateral  line  witiiout  an  an*li,  a 
bnuich  of  it  «'urves  d<iwn  U'liind  ev<*s  and  aronnd  lower  «ilp"  nf  lower  eyr;  dorsiil  lH*pinninf;  alNive 
midflle  of  eye;  iH'ctonil  of  eytnl  side  lon^'er  anil  mon-  p<Mnt<Hl  than  that  of  blind  side;  ventraln  etiual 
in  l«>n>rth,  the  lji>*t  rays  the  limijcst;  me<lian  caudal  rays  produced,  upiK»re<lp.'obli(|uely  truncate,  lower 
slightly  c«>ncave. 

Color  bn)wn,  with  a  few  irrt^^ular  inconspicurtus  dark  brown  sfiots,  one  on  latenil  line  at  U'ginnin); 
of  iti*  posterior  two-fifth.**,  on<*  near  base  of  caudal,  one  Im'Iow  middle  of  lateral  line,  one  near  tt>p  of 
(KH'toral;  small  ones  show  little  color  ex<*ept  a  few  bn>wn  siM)ts,  the  one  on  lateral  line  the  niOHt 
conspicuous. 

The  tyjKt  from  which  this  d<>scription  is  taken  is  22  cm.  in  len^Mh.  and  was  taken  at  station  3774, 
in  Matsushima  Hay,  in  H-l  fathoms.  Tw(»  small  cotyjws  were  taken  at  station  S717,  off  Ose  Point, 
Surujrsi  Hay.  in  <>5  to  125  fathoms. 

The  ty|x*  is  No.  5142:?,  I'.  S.  Nat.  Mus.     A  <oty|K'  is  No.  s;>SS,  Stanford  rniversity. 

115.  Araias  arionixnus  .f(»nhui  iV:  Starks,  new  ^eiius  and  sjH'cies.     ( IM.  (i,  ti^.  2.) 

Head  .'J.S  in  length;  depth  2.<);  I).  71  to  74;  A.  57  to  lU);  .<rale  t)();  upper  eye  2.S  in  head;  Kiiout 
from  upiKT  eye  \.'X\\  maxillary  .'J. 75;  pectoral  of  ey«Ml  side  1.S7;  of  blind  side  2.75;  caudal  I.IH. 

Kim  of  upper  orbit  very  slightly  pr«»tru<lin;r  alM)ve  rest  of  upiK-r  profile;  eyes  KeiKirate<l  by  a 
narrow  sharp  riiljfe;  anteri(>r  rim  of  lower  scarcely  or  very  slightly  anterior  to  that  of  up|>er,  pos- 
terior rim  anterior  to  that  «>f  upper  (to  a  j:i*eatcr  <lejrn*e  in  t!ie  ty|K'  than  in  cotyiH');  m<»uth  very 
small,  iNinsidi'rably  lann.*r  on  blind  side,  the  maxillary  reachinj;  t«)  just  1k*1i>w  anterior  e<ljn^  of  orbit; 
teeth  blunt,  s«»t  in  a  sin;xle,  v<Ty  irregular  row,  those  of  lower  jaw  projecting:  around  on  eye<l  side 
farther  than  those  of  premaxill:iry;  ^illrakers  short  and  triangular,  .'{  7  on  lirstardi;  dor^l  lieein- 
\\\\\\l  al)Ove  noddle  of  upfn'r  eye;  |»ectoral  of  eyed  side  a  little  longer  and  not  so  bluntly  nmndea  as 
that  of  bliii<i  side;  caudal  lioubly  trunc^ite,  median  rays  the  longer;  Iat«'ral  line  not  archiHl,  pudually 
curved  up  anteriorly;  scales  cycloid,  with  occasionally  a  ctenoid  s<*ale  with  loii);  irn^iiar  H]>inulefl 
(as  the  .vpimiles  are  easily  broken,  leavin;;  no  trace,  it  appears  probable  that  the  scales  may  have  all 
Ikh^ii  ctenoid);  a  few  small  s«'ales  runniipj  out  on  (in  rays. 

Color  li^ht  pinkish  brown,  without  definite  markin^^;  dorsal,  anal,  and  caudal  with  very  faint 
wavv  cross  marks. 

Two  spiH-imeiis  taken  in  Matsushima  Hay,  at  stations  M77n  and  :{77:{.  The  tyix'  is  the  lar)^T,  and 
is  bS  i-m.  in  length.  It  is  No.  51417,  V .  S.  Nat.  Mu.'j.  The  other  from  station  .'{773  is  No.  K{S6,  Stanford 
Tniversity. 

TIm*  new  jienus  Arn'mn  is  technically  n<'ar  J'lmtrniiirhs,  differing  in  it^  thin,  wanvly  <'tenoid  scales 
an<l  in  its  fragile  bcKlv. 
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116.  Clidoderma  asperr-'mum  (Schlegel). 

A  lar\'al  flounder,  33  mm.  in  leniarth,  which  we  take  U\  lie  the  young  of  thiH  H|)ei.'iet»,  siniv  it 
Sf^reeH  in  fin  rayp,  wa8  collected  in  Matpushima  Bay,  station  3770.  It  is  covered  on  l>oth  wdes  with 
small  spinules  of  about  e<iual  size,  those  of  blind  8i<le  finer  and  more  sparse  than  on  eye<l  side;  no 
enlarged  plates,  but  groups  of  4  or  5  spinules  scattereil  over  the  eye<l  side  probably  repret»ent  them; 
bo<ly  outline  rounder  and  anterior  curves  more  convex.  Pei'toral  very  short,  bn^der  than  long, 
covereii  on  baee  by  a  sheath  of  spinules,  beyond  which  the  short  rays  projei^t  fanlike. 

Color,  light  cream  everj'where  with  blende<l  brown  spots:  irregular  in  size,  ix)sition,  and  intensity 

of  color. 

YES£QTJA  Jordan  ft  Starks,  new  genu 

Ventfiua  Jordait  &  Starks.  new  (renus  of  PUntronedidar  i  achnf). 

Allie<l  to  MuTOfloinus  and  Limanda. 

Body  rather  elongate,  covered  with  very  fine  cycloid  scales;  lateral  Ime  with  a  small  an*h  in 
front,  without  accessory  dorsal  branch;  mouth  small  and  with  about  7  large  blunt  teeth  in  a  single 
row  on  blind  side;  eyes  close  together,  separated  by  a  high  naked  ridge  which  iscontinue<i  liackward; 
gillrakers  very  small,  not  numerous;  no  anal  spine;  caudal  rounded;  eyes  and  color  on  right  side. 

117.  Vereoqua  achne  Jonian  &  Starks,  new  species.     (PI.  7,  fig.  1.) 

Head  4.33  in  length;  depth  2.87;  D.  85;  A.  69;  scales  13o;  upper  eye  3.16  in  head;  snout  from  ujiper 
eye  4;  pectoral  2;  ventral  4;  highest  dorsal  rays  2;  caudal  1.1. 

Form  rather  slender,  the  outlines  foniiing  low  even  curves;  anterior  upper  outline  of  ht'ad 
unbroken  and  continuous  with  Ixnly  curve;  mouth  very  small,  the  maxillary  reaching  a  little  i^aei 
front  of  lower  eye  but  scarcely  to  e<lge  of  pupil;  7  large  and  very  blunt  teeth,  set  in  a  single  row 
on  blind  side  only;  eyes  narrowly  sei>arated  by  a  high  nake<l  ridge,  the  lower  the  more  anterior; 
interorbital  ridge  continued  l>ackward  and  upwanl  along  lower  manerin  of  upper  eye,  forming  a  high, 
conspicuous,  smooth  ridge;  a  slight  angle  on  lower  e<lge  where  it  turns  upward,  but  no  tubercles 
developed;  nostrils  close  together,  in  sh<>rt  broad  tul)es,  anterior  reai'hing  to  edge  of  preorbital;  gill-slit 
stopping  at  upper  edge  of  jKH'toral:  gillrakers  very  small,  8  «»n  lower  limb  of  arch.  Scales  very  fine, 
everj'where  cycloid;  very  small  n<>nimbricated  scales  i)resent  on  dorsal  and  anal  nearly  to  tips  of  rays 
except  on  the  brown  streak  l>ehind  ea<"h  ray;  caudal  thickly  covere<l  with  similar  scales;  scales  on 
pectoral  rays  only;  on  base  of  ventral  only  on  both  rays  and  membrane;  small  imbeilded  s<'ales  on 
snout;  lateral  line  perfectly  straight  an<l  horizontal  to  tip  of  pectoral  where  it  turns  up  and  forms  a 
low  but  conspicuous  arch,  the  cord  of  its  curve  3  times  its  height.  Dorsal  beginning  slightly  on  blind 
si<le  above  middle  of  eye;  low  anteriorly,  gradually  growing  higher  to  beginning  of  its  la»*t  third  or 
fourth  where  it  reaches  its  greatest  height;  pectorals  rounde<l,  that  of  eycni  side,  in  our  specimen,  verv 
slightly  longer  than  that  of  blind  side;  ventral  short  and  rather  bnjad,  the  sei'ond  ray  longest,  making 
the  fin  pointed;  caudal  broadly  rounded. 

Color  slaty  brown,  mottleil  with  darker  brown  blended  into  the  ground  color;  a  brown  streak 
behind  and  partly  on  each  dorsal  and  anal  ray;  caudal  uniform  dark  brown;  pectoral  with  dark  brown 
membrane. 

A  single  specimen,  the  type,  dredged  at  station  3772,  Matsushima  Bay,  in  79  fathoms.  It  is  is 
cm.  in  length,  and  is  numbered  51447  V.  S.  Nat.  Mus. 

[axyrfy  a  whiff  of  foam. ) 

118.  KicroatoxnujB  kitaharsB  Jonian  <&  Starks,  new  8{>ei'ies.     ( PI.  7,  fig.  2. ) 

Heaii  4.25  to  4.5  in  length;  depth  3.5  to  3.75;  I).  91  to  96;  A.  75  to  Ki;  scalw  87  to  96  ( i>ores) ;  eyv 
2.83  to  3.16  in  head;  snout  frf»m  upi>er  eye  4.3,3  to  4.75;  maxillary  3.75  to  4;  i)ei'toral  of  eye<l  side 
1.8:^  to  2.33,  of  blind  side  2.25  to  3;  ventral  3.5;  caudal  1.25. 

Anterior  upper  profile  evenly  con  vex;  the  upper  eye  protruding  a  Ixive  it;  lower  eye  much  in  advance' 
of  upper,  the  eyes  separate<i  by  a  very  nam:)W  ridgi';  maxillary  short,  rather  strongly  cur\'ed,  reaching 
to  below  anterior  edge  of  pupil  of  lower  eye;  teeth  rather  blunt,  in  a  single  row,  forming  a  continuous 
even  cutting  edge;  a  small"  l)ony  knob  «leveloi>e<l  l)elow  tip  of  mandible;  anterior  nostril  of  eye<l  side 
in  a  short  broad  tube;  gillrakers  very  sh<»rt,  8  of  them  on  lower  limb  of  arch;  scales  everywhere 
cycloid,  the  snout,  maxillary,  and  mandible  nake<l;  lateral  line  c<jnspicuous,  curving  up  just  lx»hin<l  tip 
of  pei'toml  above  upper  end  of  gill  oftening,  but  not  at  all  arche<l;  dorsal  beginning  alM)ve  posterior 
maiigin  of  pupil  of  upper  eye;  the  longest  dorsal  and  anal  rays  are  at  l>eginning  of  posterior  fourth  of 
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))ody  lenfJTth;  pectrtrul  narrow,  ])ointe(l,  variable  in  leii^h,  the  upper  eilge  of  ite  bane  distant  one 
diameter  of  pupil  from  upper  end  of  ^11  nlit;  ventraln  reachin^i:  ju8t  to  front  of  anal;  caudal  rounde<l 
or  double  truncate,  the  middle  rays  projecting?  beyond  outer  ravH  a  distance  slightly  greater  than 
half  eve. 

Color  uniform  bn)wn,  (sectoral  and  cau<lal  growing  black  toward  tii>s  of  rays;  no  (*oIor  on  blind 
Hide  except  black  toward  end  of  cau<1al. 

The  ty{H>  is  IH  cm.  in  length,  taken  with  several  coty{)efl  at  station  3770,  Matsushima  Bay,  in  42 
tt>  4o  fathoms.  Other  cotypes  were  taken  nt^r  the  same  l(x*ality  at  stations  37B9,  3771  (in  61  fathoms), 
and  3772  (in  79  fathoms) ;  at  station  3717,  off  (>se  Point,  Surnga  lUiy,  in  (>5  to  125  fathoms,  and  station 
W99,  Suruga  liay,  in  4(X)  to  726  fathoms;  others  were  collected  by  Jonlan  and  Snyder  in  the  market 
at  Tokyo,  several  of  which  were  dei)OHittHi  as  C4»tyi>es  in  the  Imi)erial  University  at  Tokyo.  Dried 
salted  specimens  were  obtaine<i  in  the  market  of  Tsuruga. 

The  ty|)e  is  No.  51418,  V.  S.  Nat.  Mus.     Cotyi)es  are  Nos.  8:«K),  8995,  8996,  Stanfonl  University. 

The  species  is  named  for  Mr.  T.  Kitahara,  author  i»f  a  jmper  on  the  Sromfirhhv  of  Japan.  In  the 
same  journal  of  the  Fisheries  Bureiiu,  1897,  the  present  spet'ies  is  figure<l  by  Mr.  Otaki  as  Heuroueciei 

119.  Paeudorhombus  jientophthalmua  (Tunther. 
Ilea^l  3.1^3  in  length  without  caudal;  depth  2;  I).  71;  A.  52;  i^res  in  lateral  line  68;  upper  eye  5 

in  hea<l;  snout  3.87;  maxillary  2;  iH'ctoral  (eyetlside)  1.75;  blind  side  2.4;  caudal  1.33. 

BfHiy  br(»ad  ami  thin,  ventral  an<l  dorsid  outlines  evenly  curve<l;  .«nout  blunt,  obliquely  truncated, 
separated  from  anterior  jin^lile  by  a  notch;  eyes  sei)anitt»<l  by  a  narrow  sharp  ri<lgi»  which  is  continu- 
ous l>ackward  ami  upwanl  above  clun'k;  anterior  e<lire  of  eyes  alH)ut  even,  posterior  e<ige  of  upper  one 
a  little  mon^  ])osterior  than  that  of  lower;  imaith  much  curv«Hl,  the  maxillary  n*aching  to  i>08terior 
edgi»  of  lower  eye;  teeth  sharp  and  curvetl,  set  in  a  single  row  on  each  jaw,  ><onH»  of  them  very  slightly 
arrow-shai>e<l  at  tips;  cm  blind  side  teeth  on  preiiiaxiliary  grow  smaller  back  wanl  and  disappear  oppo- 
site^ the  middle  of  length  of  maxillary:  gillrukers  m<Kl(>nite]y  nlender  and  long,  the  Kmgest  slightly 
exceetling  half  <liameter  of  eye,  t>  •  16  in  numlH*r.  Porsal  l>eginning  slightly  toward  blind  side  a  little 
in  front  of  anterior  edge  of  np|)er  eye,  the  first  my  at  notch  separating  the  snout,  anterior  rays  some- 
what prrKluce<l  l)eyond  the  membnmc;  jKvtonil  of  eyt^l  side  longer  than  that  of  blind  side;  veutrals 
similar  in  size  ami  iH)sition;  caudal  with  the  mid<lle  rays  pr(Klu(*ed  and  with  no  lateral  angles,  the 
sides  iH'ing  broadly  ronn<led.  S<'ales  <'tenoid  on  cye<l  side,  sj)inules  short,  shar|),  .and  numerous; 
cycloid  on  blind  side;  scales  on  all  tin-rays  nither  large,  evi'U,  and  ctenoi<l  on  eynl  side;  lateral  line 
strtmgly  arched  anteriorly,  a  branch  from  alM>ve  gill-ojK'ning  running  to  d(»rsal  profile  alK)ve  |x>8terior 
(Nlge  of  eye,  opjxisite  eighth  ray  of  dorsal.  The  color  has  nearly  all  bleache<l  in  alcohol.  There  is 
a  dark  brown  s|M»t  narrowly  ringe<i  with  white  just  al)ove  arch  of  lateral  line,  and  another  two-thirds 
of  the  head's  length  l)ehind  it  midway  }>etween  lateral  line  ami  outline  of  Imck;  tnuTes  of  two  sim- 
ilar si)ots  on  lower  jwirt  of  side  midway  l)etw<H»n  lateral  line  and  ventral  outline  and  slightly  behind 
those  alK)ve. 

We  identify  this  siwcies  with  iWudorhomhus  fteutophthalmuA  dc*scribtMl  from  China  and  recorded 
by  Steindachner  from  KoIk».  It  has  nnicli  in  common  with  JWiniorhomhuH  rnsmfll  described  from 
Cant<m  by  <imy.  It  stvms  to  differ  in  color  and  also  in  the  larger  size  of  the  month.  JWudorhomf/tu 
(trftiuM  irimi  the  (ianges,  as  di»scrilH»d  by  Hh^eker,  is  different  from  our  siH»ci(*s,  and  the  names  given 
by  Richards<m  to  Chinese  dniwin^fS  { /'/utittm  irhifntrta,  Pldttssn  imltititn)  are  wholly  unidentifiable. 
Plt'nrtfiH'rtfs  rhiiifiMH  of  l^iceiH'dc  is  prol)ably  unn^cognizable.  J*it'urotnrtrt<  rhri/sopttru)*  of  Schneider 
seems  to  Ix?  JWiuforhoinhn^  ttlifjo/eiiis. 

A  sjKH'imen  13  cm.  in  length  was  taken  by  the  .  I ///(//row  at  HakiHlate  in  1S96,  having  Ix^n  over- 
look(Ml  in  our  earlier  studies.  \  larger  one  in  p<Mir  condition  was  taken  in  the  Bay  of  Yokohama. 
The  latter  is  so  Vwdly  prt»serve<l  that  (»nly  its  anterior  half  remains. 

The  genus  PseiKlurhtmihim  is  distinguished  from  J*nrali('hthus  by  the  presence  of  an  at'cessory  lateral 
line  from  the  napt*  running  forwanl  and  upward  to  the  dorsal  tin.  The  In^ly  is  deeiH.»r  than  in 
/*tindirhthyM^  the  mouth  is  smaller  an<l  tli(^  teeth  are  weaker.  Wiomhisrutt,  biised  by  Jonlan  and 
Snyder  on  Piftininrhotnhit:<  ciinunnfnnen!*^  is  identical  with  JWiifforhomhim. 

120.  Eng^prosopon  iijimse  Jordan  tV  Starks,  new  spirii's.     (1*1.  S,  tig.  I.) 
Head  4  in  length;  depth  2.X<  to  2.5;  D.  80  to  S9;  A.  r>9  to  72;  wales  5t)  to  53;  eye  3  in  head; 

maxillary  3.5;  i)e(rtoral  of  eyed  sid<»  1.2;  of  blinrl  side  3;  ventnd  2.25;  (*audal  e<|ual  t^)  head.  Anterior 
profile  evenly  curved,  the  orbits  not  reaching  to  its  (Mlge;  eyes  sepanit(Ml  by  a  narrow  sharp  ridge,  the 
lower  the  mort^  anterior;  mouth  small,  the  maxillary  very  nmch  curve<l  and  reaching  to  a  little  past 
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Iront  <•(  orbit;  teetli  Mtutll  aui]  set  in  m  xiiiKli-'  tuk;  six  very  Kliurt  f^llnken  im  Ipwer  arvh  of  lin<t  uill. 
Scales  finely  clenuid,  the  Epioulea  on  the  scaleii  slender  anil  very  naiiieiuUB;  hliofl  inde  with  cyeloiil 
rvalei*;  lateral  line  with  a  very  alirupl,  chort,  high  curve,  ibi  height  coDtained  1.A3  in  itii  chord,  which 
is  lialf  length  of  huid,  ita  It^nning  oppoeile  the  tcnnimil  third  of  pectoral.  Durmil  IjegiDDing  in 
ailvance  of  eye;  |iectoral  of  eyol  ride  long  Hnd  blender,  of  blind  itide  I<«h  than  half  ae  long;  ventral 
with  6  rave,  that  of  blind  xiile  not  prolonged,  itn  iMMe  lieginning  behind  fmnt  of  ventral  of  eyeil  8i<le 
and  its  tip  reaching  further  part  fmnt  of  anal;  caudal  mundeil  behind,  itii  outer  e<lt^  broadly  rDun<ie<l, 
Marcel  y  angulateil. 

Color  light  bniwii,  t^iHilltxl  with  •lark  1in>«n,  iHvllate-l  H|>iitK,  3  aliove  and  :t  U-low  lateral  line,  the 
anterior  upper  ti|>>l  in  aiU'aniT  of  that  1>eli>w;  5  Hpi>t)<  with  eil^t*  more  lilendeil  alonu  Ih'Iv  near  baM' 
of  dorsal,  4  nmilar  ones  along  lioily  near  l>a?e  of  anal,  th*-ne  involvinu  liai«  xf  Ku)';  one  on  niHTi'le  just 
abuve  gill-<j]iening;  pwtural  of  eyeii  fide  dark  brown. 

Two  pmall  Hi>e<'iinens  taken  in  from  45  to  HI)  fathoin:>,  la  Siinmii  Buy,  .-utioii:'  3713  un-l  :t714;  the 
former,  the  tyjie,  fiS  mm.  hi  leinrtli,  in  iiiiiiilnTe.1  S14W1.  I".  S.  Nat.  Mhh.;  the  oiln-r  i,-  No.  KiS7. 
Stanford  I'nivervlly. 

The  ppecieH  diffem  »>mewliul  from  tile  tyjie  of  A'liyiz/'i'Ofi'i/K'ii.  but  it  in  diiublleM^  referable  l<>  the 
same  genus.     Il  if  named  for  |ir.  .'^.  Itjima.  prnfeN^ir  of  zoolivy  in  the  ImiH'riul  I'liivervity  •>(  Tokyo. 

131.  Scasopa  gTandiaquama  (Sihlegeli.     i  )'l.  S,  liu.  2.\ 

Two  small  r<|)eciiiie[ix  taken:  one  at  station  ^7>^•2.  Hwari  Bay,  In  4:^  fathom.'-,  the  oilier  at  etaliou 
:{7.>4,  off  Sune  Point.  .Sogaini  Ituy.  in  "K)  fathom!'. 

This  in  a  tTwnmoii  i-hore  Mi  of  sotitbem  JapHu. 

Thia  pjieiieM  is  the  type  of  a  dirtinrt  geDU!<,  Sivo/f  .1 
tingnished  by  the  large  deciduous  si^ei'.     In  the  more  >■ 
are  fimi,  the  gillrabers  long  and  slemter,  and   the  teetb  i 
very  short  anil  triangular  and  the  teeth  in  one  row.     1' 
Indies,  is  also  a  vpeciee  of  fk;io]-. 

L<)I>H111).4: 


inlaii  A  Starkii,  allied  to  Jinliijihiy,  but  ilis- 

iM^ly  relate<I  genus  Engtjirrotiiptm,  the  scaler 

in  two  rows.     In  Sartiit,  the  gillrakerv  are 

ihnit  iMrriliirui  Bleeker,  from  the  East 


laS.  IiophiuBlitulou  I  Jonlani. 

Ijipliu,m-t  lil-l:u  ■l>'r-\HU.  ITi.-.  v.  s.  N»I.  Mn-..  .l.tiv,  mrj. 
Statiun  axrx  Malsiishima  Bay.  in  7>t  fHlbom^;. 
Thio  apecief  i"  a  tmi-  T^.i>hi»>.  as  Mr.  C.  T.  Ki-khii 
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128.  TTmnoaitajaponica  (Tpmminck  AScIiInft^I). 

A  viTy  yiMiiiK  H|iit-iiiien  laki'ii  in  SiirugH  Bay,  rtatiori  :t7<P(l. 


ANTENNAKIIl)^. 


134.   CbaunaxflmbriatuB  Ililf^TiiWf. 


L-.  ItWJ.  TTi:  NliniKii  Ha$. 


Station  :1TI7,  off  Um.-   I'oint,  Siidikh  Itav,  ■k'i  U>   VJ!^   fathoinH;   nUUun   »74l,  SiiruiM  Ray,  in  71 
ihonuj. 

(K;Ct)CEPHAUl)Jt. 


ISK.  HolthopaiB  tiarella  Jiinlun. 

M-i/lh-ii^i'lm-II'llonlnll.  IT.--,  r.  K.  N«l.  Mil-.,  SI.V.  IITO.  ]..  Ji71>. 

Station  :1T1U,  oR  (>Hf  I'oint,  Snnitca  Itay,  in  7U  lo  IW  fnlt k 
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l.l.FJK.I-  morophlhalmui aOxOrmtlt ie 


i|>ei'l<*.     liniHliiK)'!-H>-kkol')ilmuliiln>in  l;|#» 

DniwInKl'ySi-kkKShiiiuulHlmni  []-|>pspw1iii«i 
.7,  BtftunlBay, 

.      •mprlmalr'icU  SarAtti  and  Slarko.  new  ■pecle*.    Ilnwliiti  >']'  i'^kko  Slilmiula  [Mm  lypt-  ipwinif 
long.  Mken  at  Htallon  S709,  Ruruga  Bay. 


.     ....f,.: ^ „  Jiml»-  — 

[  vUIion 


niid^i 


li  Bay. 


1.  I^ritMloH  amiTui  jiiiilan  MnilKUrkK,  new  unoctw. 
HtMatitiD  XSX.  iiff  ManHiuni  l\)int.  t^icaml  Bay. 
I.  BrUKlhn anin-H  Jordax  stid  Klurk>.     VUh  <'[ livad  tr 


II  tnini 


yi«-  "I 


.-„,—   ll'«Aw<r«/r(™(o  Jorrtan  L ,.._ „., . 

4.  UK.  I.  JAbuHibniiH^ni'  aNtmrra  Jordan  and  UlllH-n.  n>'w  HiKtTfo.    IiihwIdk  Ir 
WimiD.  Iodic,  ukun  al  rttlloti  WM,  SHitsnit  Bay. 
riR.  3.  Xmnnlanauliilant  Jordan  tinri  (illtvn,  dfw  >pe<'i«>.    DraviHRliy  Srkkn  ShimaclH  In  m  ly 
lonit.  (akvn  at  utathin  «!21.  Suruga  Hay. 
A,  PIr.  1.  .1(Ariri<An  •^inuiBaf  Jiirdan  animarkn.  new  Kpecltw.    DrawlnK  liy  M'kko  Sliimaila  (rra 
cm.  Inns,  (akm  at  hIhIIchi  377^.  UaWwhlma  Bay. 
Fig.  2.  AlniptviMluu  Jordan  Hn<l  Xtark^.  n<-w  rpwie*.    DnwiiiK  )>y  H<'kk<.  Khlmaila  from  ty|r 
lung,  taken  at  Matlon  37a§,  (Diniica  Bay. 
II.  Fig.  I.  /wrt£«tfbi:ni(g*Jordananaf)larki>.nFWR[iH-i».    Iirawlntr  )iv  Srkk.<  lililmada  from  I> 
loog,  taken  at  Matlnn  37T1,  Malnuhlma  Bay. 
Fig.  X.  .lrnfa*ar<ninaiuJnfilanani18laTki(.nrWKmi»anilii|M'lm.     Iimwlnti  bySckkni^himaila 
lai-m.  long,  from  Ualauehima  hnj. 
T.  KIg.  1.  I'rrinf  wi  orAiir  JonUn  and  StaTkii.  new  iipci-k-«,     lira  wing  1>y  Sekkn  Slilniaila  [mm  type  iq 
taken  at  aUtlnn  S7T3.  Malaiwhiitia  Hay. 
Kig.  -1.  Mirr'-timia  t/faiAnnr  Jonlan  and  StBrk\  new  ([■vrU-o.     hnwing  liyS*'kkoMhlm> 


'  bpvrlinen  270 
Inieii  MA  mm. 


'■    '1Ja™i7" 


mn 


hlmaBay. 

V  Jordan  anil  SlarkK,  new  npei'lea.     II 

«( nMllcin  »T13.  Sumga  Bay. 

ma  (SrlileK<:l),    Drawing  by  Srkkn 


iwlng  liy  Si>kk>i  sliIniH'ls 
lilmaila  Inim  Hperlmen  I'J 


FKL   t.    CHLOnOPHTHALMUS  ALBATROSSIS  JOftOAN  *  STAHKB. 


S.^.C,  IMI.      iTafK.pn.BJO., 


'  'yi-'^- 


nOS.  I,  2.   HE08C0CELUS  ALCOCKI  JOftOAH  «  BTARKS. 


J.S.F.CIMI.    (TolK.  p^.  610.) 


FiaS.  1.  2.    PERISTEDION  AMISCUS  JODOAN  &  ST  ARKS. 


,i«i«p-g.6ia) 


no.  I.    MELANOORAMCHUS  ANTROOES  JORDAN    A,  G 


FIO.  2.   NE2UMIA  CONDYLUHA  JORDAN  &  GILBERT. 


Fia.  I.    *TMEBESTMES 


FIO.  2.  AL/COPS  PLINTHU5  JORDAN  & 


II 


FtlKUZENIUS  JORDAN  «  STARKS. 


S  ABIOMMUS  JORD*»l  *  STAHKS. 


t'tC  JOflOAN  i  STAOKS. 
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